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CHAPTER 6 

SUITABILITY OF THE' DAVIS CANYON SITE FOR 
SITE CHARACTERIZATION AND FOR DEVELOPMENT AS A REPOSITORY 

.'The rNuclear Waste Policy, Act of 1982" (NWPA) (42 USC Sections 10101-10226).requires the_ 
environmental assessment to, include a detailed statement of the basis for.nominating a site as 
suitable for characterization. •This detailed statement is to be an evaluation of site suit-
ability under the DOE siting guidelines; the evaluation will be the basis for the comparison 
of sites reported in Chapter 7. Such an evaluation for the Davis Canyon site is presented in 
Sections 6.2, 6.3, an&6.4 of this chapter, and is, based in part op impacts associated with 
the reference repository design. ,Given the considerations and conclusions in Section 5.1 and 
Table.5-1,1the evaluation would not change if based on the Mission Plan repository concept.- A 
brief explanation of the siting . guidelines--their format, structure, and implementation--is. 
given in Section 6.1. 

6.1 THE DOE SITING GUIDELINES 

Aadirected by Section 112 of the NWPA, the DOE has developedGeneral Guidelines for . 
Recommendation of Sites for Nuclear, Waste Repositories." These guidelines have been published 
as 10 CFR Part 960 (DOE, 1984), 	(ice chapter 1 for a more detailed discussion of the guideline 
development process). ,They are to be used in the remaining steps of the site-selection 
process for the firstr.epository: -.the nomination of at least five sites as suitable for 
characterization, the recommendation of three sites for characterization, and the 
recommendation of one site:for,  development as a repository. 

: 	 . 

6.1.1' Format and Structure of the Guidelines  

The siting guidelines are divided into implementation guidelines, postclosure guidelines, 
and preclosure guidelines. The implementationguidelines -are not directlk used in the evalu-
ationn)f sites; their purpose is to specify how the postclosure and preclosure guidelines are 
to be applied An site screening and selection. The postclosure guidelines govern the siting 
considerations that-deal, with the long-term behavior of a repository--that is,.its behavior 
after waste emplacementand repository, closure. These are the considerations most important 
for ensuring the long-term protection of the health and safety of the public. The preclosure 
guidelines govern the siting nonsiderations that deal with the operation of the repository. 
before it is closed. These are , the considerations important in protecting.the public and-the 
repository workers,fromexposures to radiation -during repository-operations.;They are also 
the most important considerations in.protecting the quality of the environment and in mitiga-
ting socioeconomic impacts, because most of the environmental and socioeconomic effects of a 
repository will occur during its construction and operation. 

As explained in-the : supplementary-information-preceding the guidelines, both the postclo-
sure and the preclosure guidelines are subdivided into System and -TechniCal Guidelines. The . 
postclosure System GuidelineAefinesIeneral requirements for theperforiancenf : the reposi-
tory system after closure.—These requirements are.based generally on the objectives of 
protecting public;health and safety;-they are basedapecifically,on the standards promulgated 
by the U.S. Environmental Protection Agency (EPA) and released as "Environmental Standards for 
Management and Disposal of Spent Nuclear Fuel, Nigh-Level and Transuranic Radioactive Wastes" 
(40,CFR Part 191) (EPA,,1982a) and thenriteria promulgated by thelluclear.Regulatory 
Commission (NRC) in "Disposal-of Nigh7Leve1: :Radioactive, Wastes in Geologic Repositories; Tech-
nical LCriteria" (10 CFR pert 60) (NRC, 1983.). The postclosure Technical Guidelines specify 
requirements for one or more elements of the !epository system--the physical.properties and 
physical phenomena at the site. 

The three preclosure System Guidelines state broad requirements for three different 
systems. .These systems.•nclude,•An : addition to .some characteristics,ofthe site and some 
engineered components, the people and the environmentnearthe site.. The elements of these 
systems are defined in the supplementary information preceding the guidelines. Each of the 
preclosure Technical Guidelines=specifiesxeqoirements_on one or more of these elements. 

6-1 
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A qualifying condition is stated in each - UO*101 Guideline. Taken together, these 
qualifying conditions are the minimum conditions for site qualification. A site will be 
qualified only if it meets air of the qualification conditions._ A site will be disqualified 
if site characterization shows that itfails to meet any one of the qualifying conditions. 
Failure to - meet a qualifying -conditiokcan usuallybe:determined cn1Tafteesitecharatteri-
zation and the"Concuirent invistigationi ofenvirOnMental and'sOcioeconOmic Conditionii 'quali-
fying conditions are generally stated in terms of specifications that require analyses of_the 
repOtitory system, and data for such inelyses will-be available only at thee - completion of-site 
characterization' and investigation. Iefore , site Characterization,' hoWever , eveluations that 
compare sites will beable'to reveal the'rerative potential of those-sites tOrMeet the quali-.: 
fying conditioni. 

Disqualifying conditiOns'are stated in 12'TeChnical Guidelines. : - Each desCribes a condi- 
tion that it'considered so , adverselas-tan

,
conatitutetufficieht evidencetO'conclUde,-mithout ' 

furtheeconsideratiOn, thata'site.is disqualified.' Nearly all of the 17 disqualifying Condi= 7  
tions pertainto conditions whose presence -or absence may be verifiible at a site without 
extensive data gathering or complex analysis. 

The favorable and potentially adverse conditions can be used to' predict thetuitability- 
of a site before detailed studies have been performed. They provide preliminary indications 
of system performance. Although favorable conditions need:not exist at a given -site for that 
site to meet the quilifying condition, the'existence.of siChIconditiOns leads to an iipecta-- ' 
tion that subsequent evaluationt will - yield enhanced confidencein a site's suitability.• 
Similarly, the purpose - of determining whether any potentially'adverse conditions exist at a-
site is to provide an'early indication of conditiOns-thatiustbe examined carefully before 
judging the acceptabilitY-of-thattitti. Such examinations must eValtate the effects of other,' 
possibly compensatory, conditions pretentit:a site. -Thus, a site that has most oftfie . falor-o-
able conditions may be presumed likely to meet the System Guidelines, while a site with many 
potentially adverse conditions maynot meet them. 	_ 

6.1.2 Use  of the Siting Guidelines in'Evaluating Site' Suitability 

The evaluations of site suitability provide the basis foe making the findings that:Appen- ,' 
din III-of the guidelines (10 CFR'Part960) requires for disqualifying and qualifying condi 
tions. Using the term "apply" to meawtO-evaluatea condition And make a finding' of compli-
ance, - this' appendix specifies how the guidelines are to'be applied at the principal decision 
points of the siting peocessl (1) site identification as potentially acceptable,: (2) nomina-
tion as suitable for characterization or recommendation for characterization, and' ,  
(3)'recommendation for development as erepository. In particular, this appendix specifies -''!  
the types of findings that are to. resultfroitthe applications of the disqualifying conditiont 
and the qualifying conditions.' Two levels of findings-, one 31=44 anincreated level of 
confidence over the other, - are specified.fOr both the disqualifying 'mathe qualifying 
conditions. 

Foethe disqualifying conditions', a Lovell finding means that the evidence does not (or, 
converselyi-does)eUpport a' finding that the-tit* ieditqUalified.i A Level 2 findint,which 
is a higher 10011 finding tequiiing greater confidence and'moie extensile data to support it,'  
means that the,evidence supports a tinding , that the site'it not disqualified on thebasis 
existing evidence and'is not likely to be disqualifiedi-(or that thetite it disqualifiedOrqt 

For the qualifying conditions,:eLevel'3 finding is stated to mean that the evidiniedoei 
not (or, conversely, does) support a finding thattheeiti is not likely toimeet the quali 
fying condition; 'eLevek 4 finding, which. it the highei level finding, means that:the-evidence 
supports a finding:that the site meets the- qualifying condition andJs:likeiy to cOttihue't0 
meet the qualifying condition (or that the site cannot meet the qUalifying condition and 15% ,  
unlikely to be able to meet it). 

Fot 4 ,site:to be nominated, atleast eLevor r'finding must be'made for each disquark 4 ' 
fying condition, and at least 'a Level 3 . finding:MUst be made for each qualifying -condition: 

likely to be ditqualified).- 



For a site-to be recoMmended.for•development'asa repository, a Level 2 finding must be made. ' 
and supported for each disqualifyingconditioni and a'Level-4 finding must be made and ' 
supported for each qualifying condition. 

In conducting.the suitability evaluations forthe site, the higher level finding was made' 
wherever the evidence supported it. Most often, however, the available data were inadequate 
for supporting the higher level findings, which must wait for the results of site characteri-
zation and investigations as well as for the final design of the repository. 

An-identification' -of the favorable conditions and potentially'averse conditions present 
at the site is necessary for evaluating the-ability of the site to -meet the individual quali-,  
fying conditionsrbefore site characterization, that ability is determined largely by exami" 
ning the balance between those conditions along with - information on the repository system. 
The ,  identification of'the favorable and potentially adverse conditions as "present" or "not 
present" at the site is based - on data currently existing for the site or conservative -assump- 
tions when the .existingldita are inadequate for the identification. , ("Congervati4e" - assump- 
tions-are•assumptionsthaf minimize - the possibility that-later findings will prove the assump-
tionsAo be wrong.) L,In order for a favorable condition to be claimed as "present," it is 
necessary for the existing data to clearly support that conclusion. Otherwise, the favorable 
condition is stated to be "not present." Similarly, a potentially adverse condition is stated 
to be "present"'unless the existing data and the conservative assumptions clearly support a 
conclusion that'the condition 'is "not present." -The•DOE intends'this aPproach to the identi-
fication of favorable and potentially adverse conditions to be conservative, and no credit is: 
taken in the absence of data. 

r 	: 
The'~proces s of making suitability evaluations•and arriving at findings for the disquali-

fying and qualifying conditions is fully discussed and presented in the guideline-by-guideline 
evaluations in Sections 64-and 6.3. The -evidence required to support these evaluations.. 
includes the types of information specified in Appendix IV-of the-guidelines. 	' 

6.1.3 Division of the Guidelines into Categories 

The NWPA requires two separate evaluations of the suitability of a site as follows: 

• An evaluation as to whether a site is"suitable foi site characterization-  under 
the siting guidelines 

• An evaluation.as to whether'a site is suitable for development as a-repository 
under each guideline that does not require site characterization as e 
prerequisite .for its application. 

. 	• 	..• 	- 	 • 
For making these two evaluations, - the-guidelines are divided into two categories 

according to whether they do or do not require site characterization as a prerequisite for 
their application. The basis for this division of the guidelines is the definition of "site 
characterization" in the NWPA. The NWPA defines site-characterization essentially as 
activities undertaken to establish the geologic conditions at:a candidate site,-including 
borings, surface excavationso'the sinking of•exploratory shafts, and in-place testing' at 
repository depth.  

.Therefore,'in accordance.with this definition, the guidelines - requiring site characteri-
zation as a prerequisite to their application are those that-contribute to establishing the 
geologic conditions at a site. The guidelines in this category are concerned predominantly 
with subsurface conditions, and -most of them are postclosure guidelines. Section 6.3 presents 
the evaluations of the`site against the guidelines in this category. The information required 
to establish compliance with these guidelines will be obtained during site characterization. 

The guidelines not requiring site characterization as a prerequisite 1:0:application are 
those that do not contribute to establishing:the geologic conditiong at a site.: The guide-
lines in this category are predominantly concerned with surface conditions, and Most of them 
are preclosure guidelines. The informationrequired to establish` compliance with these 
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guidelines may be obtained before or during site characterization. Section 6.2 presents the 
evaluations of the site against the guidelines in this category. 

Table 6-1 lists the guidelines in each category and shows the levels of findings that 
were made in accordance with Appendix-III of the guidelines. 

6.1.4 Formats for the Presentation of Site Evaluations  

In Sections 6.2 and 6.3, the presentation of each Technical Guideline begins with an 
introduction that states the qualifying condition for that guideline and briefly explains the 
objectives and the structure of the guideline. The introduction is followed by a section that 
reviews or cites the data available for the evaluations against the guideline, explains the 
general assumptions that must be made, and discusses the uncertainties in the data. Each 
favorable, potentially adverse, and disqualifying condition is then discussed in turn; each 
discussion evaluates the presence or absence of the condition and states a conclusion based on 
that evaluation. Finally, the ability,of the site to meet the qualifying condition is 
examined, and a conclusion is presented.. For the disqualifying and qualifying conditions, the 
conclusion is presented.as a finding at one of the levels specified by Appendix III of the 
guidelines (Section 6.1.2). 

The format for presenting the System Guidelines is similar, but it omits the discu3sion 
of favorable, potentially adverse, and disqualifying conditions because none of these condi-
tions appear in the System Guidelines. 

The conclusions drawn in these presentations are different in Section 6.2 and in 
Section 6.3. Because the guidelines in. Section 6.2 do not require site characterization, the 
conclusion refers to the suitability of the site for development as a repository. Such a con-
clusion cannot be drawn for guidelines that require site characterization as a prerequisite 
for their application; only after site characterization can the question of suitability for 
repository development be addressed. Rather, the appropriate conclusion for these guidelines 
is whether the site is suitable for further study. The conclusions presented in Section 6.3, 
therefore, refer only to the suitability of the site for characterization. 

6.2 SUITABILITY OF THE DAVIS CANYON SITE FOR DEVELOPMENT AS A REPOSITORY UNDER 
GUIDELINES NOT REQUIRING SITE CHARACTERIZATION 

The Nuclear Waste Policy Act of 1982 (NWPA) specifies in Section 112(b)(1)(E)(ii) that 
the environmental assessment that accompanies nomination of a site shall include: 

an evaluation by the Secretary as to whether such site is suitable for 
development as a repository under each such guideline that does not 
require site characterization as a prerequisite for application of such 
guideline. 

The assessment and subsequent. categorization of the individual Technical Guidelines-as to 
whether'characterization is required is based on the NWPA and U.S.'Nuclear Regulatory Commis*-, 
sion (NRC)-(10 CFR:Part 60) definition of site characterization (Section6.1). On the basis 
of this definition, it is possible to specify factors or•information requirements that can:be .  
addressed without site characterization as defined above. These factors generally fall into 
one of the:following groups: socioeconomics, environment, or meteorology (including precipi-
tation). The corresponding Technical Guidelines that address these general factors - are: 

• 10 CFR.960.4-2-8-2 
:•: 	CFR 960.5-2-1 
• 10 CFR 960.3-2-2 
• 10 CFR 960.5-2-3 
• 10 . CFR 960.5-2-4 
• :10.CFR 960.5-2-5 
• '10 . CFR 960.3-2-6 
• 10 CFR 960.5-2-7'::  

Site.Ownership and Control 
PopulatiorlDensity and Distribution 
SiteOwnership and Control 
Meteorology 
Offsite InstallatiOns and Operations 
Environmental Quality 	. • 
SociOeconomie Impafts 

- Transportation.' 
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Guideline 

Level of Finding  
Disqualifying 	,Qualifying 
-Condition 	Condition 

• ,'-GuIdelfnes Not Requiring Site Characterization' 

tible 6-1i eatigOtiiatiOn of Guidelines and Findings iiiiton'ApplIcatiOn 
of the Disqualifying and Qualifying Conditions 

: 960.4-2-872 	Site Ownership and control 

960.5-,2-1 	Population Density and Distribution 

•H:960.37272.. 	7  Site Oonership_nnd Control -• 

Meteotology 

- OffsiteInstallations and 
.0perations 

960.5-2-5 	Environmental Quality 

940.5-2-6 	Socioeconomic Impacts 

980.5-2-7" 	-Transportation 

960.5-1 	Preclosure System Guideline' 

(a)(1) Treclosure Radiological, 
Safety ' - ' • 

-'(a)(2) ftvironment,'Socloeconomics, 
ind.Transportation, 

tadelines Requiring Site Characterization 

960.4-2-1 

960.4-2-2 

960.4-2-3 

960.4-2-4 

Geohydrology 

Geochemistry • . 

Rock thiiiicteristics 

Climatic Changes . 

1 3 

7 

960.4-2-5 	Erosion 

960.4 -276.. ;2 Dissolution,. 

960.4-2-7 ' . Tectonics' - 

960.4-2-8-1 'Natural Resources. 

3 

960.4-1 	( 

960.3-2-8 

960.5-2-9 s 

960.5-2-10  

PosbilOsOre Siitem4Uideline • 

Surfaii .:Chirecieristica 

Rock CliricteristicS' 

EydroloEy 	- 

Tectonics 

Preclosurelystem Guideline 

:(a)(3) Rain and Costi"of :Sitingi , 
• ConstructIon,„OPeration, , 

and Closire 	• 
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The evaluation process 
this time to fully evaluate 
distinction is based solely 
summary of the findings for 
characterization. 

is not meant to imply that sufficient information is available at 
compliance of the site with the intent of these guidelines. The 
on the definition of site characterization. Table 6-2 presents a 
preclosura and postclosure guidelines not requiring site 

6.2.1 Technical Guidelines  

This section addresses those Technical Guidelines which do not require site characteri-
zation as a prerequisite for their application. These Technical Guidelines establish condi-
tions that shall be considered in determining compliance with the Qualifying Conditions of the 
pre- and postclosure System Guidelines detailed in Section 6.2.2 and 6.3.2. 

6.2.1.1 Site Ownership and Control (Postclosure), Guideline 10 CFR 960.4-2-8-2 

The NRC requires the DOE to obtain ownership and control of land and minerals within the 
controlled area of the repository or the permanent withdrawal and reservation of such land for 
its use (10 CFR 60.121). Such rights are required largely to help ensure continued function-
ing of the repository far into the future without adverse human interference. Additional 
appropriate controls must be established beyond the controlled area, as necessary, to prevent 
adverse human actions that could significantly reduce the repository's ability to achieve 
isolation (10 CFR 60.121). 

This guideline includes a qualifying condition, one favorable condition, and one 
potentially adverse condition for analysis. It does not have a disqualifying condition. 

6.2.1.1.1 Statement of Qualifying Condition. .  

The site shall be located on land for which the DOE can obtain, in 
accordance with the requirements of 10 CFR Part 60, ownership, surface and 
subsurface rights, and control of access that are required in order that 
potential surface and subsurface activities at the,site will not be likely 
to lead to radionuclide releases greater than those allowable under the 
requirements specified.in Section 960.4-1. 

Evaluation Process.  The evaluation process involves the identification of the land 
required for the repository site, identification of the present ownership of that land and an 
analysis as to whether the ownership required of the DOE under the guideline can be obtained. 
A summary of the evaluation is presented in Table 6-2. 

Relevant Data.  As described in Section 5.1, the repository site will consist of (1) the 
geologic repository underground operations area of approximately-781 hectares (1,930 acres), 
(2) a fenced restricted area of approximately 189 hectares (467 acres) for support buildings 
and repository surface facilities, and (3) a controlled area extending outward from the edge 
of the underground facility. Under EPA regulations, this controlled area could extend 
5 kilometers (3.1 miles) in any direction from the outer boundary, of the original location of 
the radioactive wastes in a disposal system, potentially encompassing thousands of acres. 
However, the controlled area need not be this large if the,EPA standards for radioactive 
releases to the accessible environment can be met in a shorter distance (40 CFR Part 191). 
The size of the controlled area at a given site depends on the rate of ground-water flow and 
other site characteristics, and can be established on a site-specific basis only after 
completion of site characterization studies. 

NRC Regulation 10 CFR 60.121 (Requirements for Land Ownership and Control of Interests in 
Land) specifies that both the geologic repository operations area and the controlled areas 
must be located in and on lands that are either acquired lands under the jurisdiction and con-
trol of the DOE, or in and on lands permanently withdrawn and reserved for its use. The 
repository lands must be held free and- clear of all significant encumbrances including mining 
rights, rights-of-way, easements, and all'other rights. The DOE must establish and maintain 
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Present ownership is sot by the DOE. 

It is expected that title-to both surface 
and subsurface rights can be obtained. 
Sommer Congressional action will he 
required to permanently withdrew land 
for DOE. Required interest in land will 
have been acquired in the preclosure 
period. 

The evidence indicates that the favorable condition is 
not present. 

•he evidence indicates that the potentially adverse 
condition is sot present. 

960.5-2-1 

The maximum exposed individual is expected 
to receive an annual dose of less than 
2.0 wren/year from all pathways, 
below the regulatory limit. 

The evidence does sot support a finding that the site is 
not likely to emetiSe qualifying condition (Level 3). 

Table 6-2. ProcVssore and Postclesure Technical Guidelines Not Requiring Site Characterisation for the Davis Canyon Site 

Statement of' 	 10 CFR 
Technical Guideline, 	 Guideliae Member .:LL Section Number 

	
Assessment Results 
	

piadiags 

Sits Ownership and Control 

(a) Qualifying Condition  

The site shall he located on land for e  
.which the DOE can obtain, in accordance 
with the requirements of 10 an Part 60, 
ownership, surface and subsurface rights . 
and control of access that are required 
is order that potential surface and sub-
surface activities at the lite will not 
be likely to lead to radionuclide releases 
greater than those allowable under the re-
quirements specified in Section 960.4-1. 

(b) Tavorable Condition 	 _ 

Present ownership and control of land 
and all surface and subsurface rights 
by DOE. 

(e) Potentially Adverse Condition  

Projecied land-ownership conflicts 
that cannot be successfully resolved 
through voluntary parchase -sell agree-
ments, mondisputed agency-to-agency 
transfers of title,  or Isderelosonden 
nation proceedings. 

(d) Disqualifying Condition  

This guidellea has so disqualifying 
eondtion. 

Population Density and Distribution 

(a) Quitlifying Condition  

The sits shall be located such that, 
during repository operation and aloe - 
ere,.(1) the expected average radiation 
dose to embers of the public within 
any highly populated area will not be 
likely to ezzemin snail fraction of 
the limits allowable under the require - 
slate specified in Sorties 960.5-1(e) 
(1), and (2) the expected radiation 
dose to any member of the public in en 
unrestricted area will mot be likely to 
exceed the limits allowable under the 
requirements specified in 
Section 960.3-1(a)(1). 

(b) Favorable Conditions  

(1) • low population density in the 
general reticle of the site. 

(2) Remoteness of the site from highly 
populated areas. 

Through Congressional' action, land 
for the repository and controlled - 
area can be obtained so that surface 
and subsurface activities will sot _ 
lead to radionuclide releases greater . 
than those allowable under require-
ments specified in Section 960.4-1. 

The evidence does sot support a finding that the site is 
not likely to needle qualifying condition (Level 3). 

The evidence indicates that the favorable condition 
is present. 

The evidence indicates that the favorable condition 
is present. 

960.4-2-5-2 
	

6.2.1.1 

960.5-2-1 
	

6.2.1.2 

960.3-2-1 	 6.2.1.2 	Average population density in the site 
region is 3.6 persons per square mile. 

There are no highly populated areas in the 
sits vicinity. 



6.2.1.2 

The site is 33 kilometer, (33 miles) iron 
a highly populated area. 

The site is located 33 kilometers 
(33 miles) from such an area. 

960.3-2-1 	6.2.1.2 	-lased as pest experience in similar areas 
(The Nevada Test Sits) such a plan can be 
prepared. 

6.2.1.3 

.L site shall.he disqualified ift 

(1) Any. surface facility of a 
reiositery would be is a highly 
populated area; er 

(2) Any Surface facility of a repeal- 	960.3-2-1 
tory would be located adjacent to em 
area 1.mila by 1 stile having a popula-

-Sion of sot less than 1,000 individuals 
es-enumerated by the most recent N.S. 

. -Campus; or 	. 

(3). The DOS could not develop an emer-
gency preparedness program which 'sets 

, .tiurrequirssents specified in DOS Order 
3500.3 (Reactor and Non-Reictor Facility 
Smergency nannies, Preparedness, and 
Response program for Department of 
,Snergy Operations) and related guides 
or, when issued hy

, 
 the 113C, is 10. erg 

60, Subpart I, "Smergency Planning 
Criteria." 

Site Ouiership and Control. 	960.3-2-2 

. (a) .Qualifying Condition  

The evidence supports • finding that the site is ant 
disqualified on the basis of that evidence and is 
not likely to be disqualified (Level 2). 

The evidence supports • finding that the site is not 
disqualified on the basis of that evidence and is 
not likely to be disqualified (Level 2). 

The evidence does not support a finding that 
the site is disquaiiiied (Leval 1). • 

Table 6-2. Proclaims and Postal eeeee Technical Guidelines Wet Requiring Sits. Characterisation for the Davis Canyon Site 
' 	(page 2 of 10) 

Statement of 
Technical Guideline 

10 CFI 
Guideline Number SA ieetion Number Assessment Results Findings 

As). potentially Adverse Conditions  
, 	. 

, (1) Sigh residential, seasonal, or 
_;daytime population density within the 
projected site boundaries. 

--(2) Proximity of the site to highly 
populated areas, or to areas having at 
least 1,000 individuals in an area 1 
mile by l'elle as defined by the most 
recent.decennial count of the D.S. 
Census. . 

. (4) - Disqualifying Conditions  

	

960.3-2-1 	6.2.1.2 	The site has no residential and minimal 
	

The evidence indicates that the potentially adverse 
seasonal or daytime population. 	condition is not present. 

	

960.3-2-1 	6.2.1.2 	Saab, the closest highly populated area, 	The evidence indicates that the potentially ad 	 
is 33 kilometers (33 miles) away. 	condition is not present. 

960.3-2-1 
	

6.2.1.2 

The site shall be Jocated an land for 
which the DOR can obtain, in accordance 
with the requirements of 1p CAR 60.121, 
ownership, surface and Subsurface 
tights, and control of access that are 
'Squired in order that surface and sub-
surface activities during repository 

' operations and closure will not be 
likely to lead to radionuclide releases 
to an unrestricted area Treater than 

--those allowable under the requirements 
specified in Section 960,3-1(a)(1). 

(b) favorable Conditions  

Present ownership end control of the 
land and all surface and subsurface 
misers' and water rights by the DON. 

The DOE does not currently own and control 
the land and all surface and subsurface 
8:teasel and water rights. 	. 

The evidence indicates that the favorable 
condition is not present. 

The Davis Canyon sits is located on land 
, for which the Federal government can 

obtain ownership, control 	 and 
:.ocquirS the necessary rights, including 
, water, through megotiations, or, if neces-
sary, condemnation to ensure that any site 
activities will not lead to a projection of 
radionuclide releases to an unrestricted 
area greater than those discussed in 
Section 160.3-1(a)(1). 

The evidence does not support • finding that ghe site is 
sot likely to meetE5s qualifying condition (Level 3). 



"nab is 33 kilometers (33 miles) 
	 The evidence indicates that the potentially adverse 

downwind from the site. 	 condition is present. 

Potential for local weather inversions 
to trap emissions. 

the evidence indicates that the favorable condition 
is not present. 

.-Table 6-2. treclosure and Pestclosure Technical Guidelines Not 'squiring Site Characterisation for the Davis Canyon Site 
(Page 3 of 10) 

; Statesmen! 	 10 CFR 
Technical Guideline 	 Guideline Number "A Section Number 	 Amassment Results 	 findings 

(e) Potentially ad 	 Condition 

Projected land -rasership conflicts that 
cannot be successfully resolved through 
voluntary purchase-sell agreements, non-
disputed seency-to-egency t 	few of 
title, or Federal condemnation 
proceediags. 

litoorelor! 

	

560.3-2-2 	 6.2.1.3 	COngressional.action is required to 
permanently acquire most of the land 
required. 

	

%0.5-2-3 
	

6.2.1.4 

The evidence indicates that the potentially 
adverse condition is present. 

(at, Qualifying Condition  - 

The site shall be located such that 
expected meteorological conditions dur-
ing repository operations .  arid cloture 
will not he likely to lead to radio-
mends releases to an unrestricted 
aria greater than those allowable under 
the requirements specified is 
Nation 960.3-1(a)(1). 

(b) favorable Conditions  

Prevailing meteorological conditions 
such that any radioactive releases to 
the atmosphere during respositary opera-
tion and closure would be effectively 
dispersed, thereby reducingsignifi-
cantly the likelihood of unacceptable 
exposures to any member of the public 
in the vicinity of the repository. 

m 
 

(a) 'Potentially Aden Conditions  

(l) Prevailing ;meteorological condi-
tions ouch that radioactive emissions 
Irma repository operation and closure 
could 'be.pieferentially transported 
toward localities is the vicinity of 
the repository with higher population 
densities than are the overage for the 
region. , 

(2)-11story of extreme weather: 
phenomena—such ...hurricanes, torna-
does, 41010re floods er severe and fre-
quent winter storne--that could 
significantly affect repository - 	-- 
operation er closure. 

Offsite Installation and Operatic's. 

(a) Qualifying Condition  

!ha site *hall be located such that pre-
sent and projected effects from nearby 
industrial, transportation, and ;military 
installatoes and operations, including 
ramie energy defame activities 

Predictions of radioactive emissions from 	the evidence does not support a finding that the site is 
repository operations and closure are 	not likely to seet-75. qualifying condition (Level 3). 
below allowable limits. 

Severe weather such as local flooding, 	The evidence indicates that the potentially adverse 
heavy tog, and snow occur in the 	 condition is present. 
vicinity of the site. 

560.5-2-4 6.2.1.5 

	

.' -.There are 'se nearby industrial, transpor- 	The evidence does not support • finding that the site is 
tation, or military installations. Re- 	not likely to meet the qualifying condition (Level 3). 
leases from nearly nuclear facilities, 
when combined with potential eel 	 from 
the repository, will not result in radiation 
releases greater than allowable limits. 



Table 6-2. Pr•closers sod Postelosure Techaical guidelines Rot gequirisg Sit. Cherecterizatios for the Davie Canyon Site 
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Statement of 
	

10 Cpl 
. technical Guideline . 	Guideline Somber IA Section Somber 	 Assessment Results 	 Findings 

• 
(1) Rill not significantly affect 

.rolesitorY siting, construction, opera-
tion, closure, or decommissioning, or 
con be occommodated by sogiseering 
IMAISUTIBS, 4104 

(2) When considered together math 
emissions from repository.operation 
end closure, will sot be likely,to lead 
to radionuclide retsases'io en: 
unrestricted area treater than those 
allowable under the requirements 

is Section 1160.3-1(e)(1). 

(b) peverable Condition ' 

Absence of contributing radioactive 
releases from ether nuclear install.- 
tiens and operations that must be coast- 

,. dared ender the requirements of 40 Cpl 
-. 191, Subpart A. 

(e) Potentially Adverse Condition  

(1) The presence of nearby potentially 
, p:basetdous instellatioss or operations 

that could edvereely effect repository 
operation or closure. 

• (2) Preemies of other imager installs-
. Lions end ;operations, subject to the 
Arequiremests of 40 en 	46 Fart 190 or  

CFI Part 191, Subpart A, with actual or 
,,,.,projected releases near the maximum 

:value Permissible coder those standards. 

(d) S000e/ifying Condition  

A site shall be disqualified if'atoeic 
'energy defense activities in proxinity 

to the site are expected to conflict 
irreconcilably with respository siting, 
construction, operation, closure, or 

I160.5 -2 -4 
	

6.2.1.5 

There are three uranium mills within 	The evidence indicates that the favorable condition 
111 kilometers (50 vales) of the site that 	is not present. - 
contribute radioactive releases which 
must he considered. 

There are currently so potentially hazard- The evidence iodinates that the potentially adverse 
ems installations or operation in the site condition is sot present. 
vicinity. 

Radioactive tel 	 from 3 uranium mills 	The evidence indicates that the potentially adverse 
within SI kilometers (50 tales) of the 	condition is not present. 
site are sot expected to be sear the 
sexism permissible levels. 

There are no atomic energy defense Estill- The evidence does sot support • finding that 
ties in proximity to the site. 	 the site is disqualified (Level 1). 

Invironsental Quality ■ 
	 960.5-2-5 

	
6.2.1.6 

(a) Qualifying Condition  

The site shall be located such that 

(1) The quality of the envirooment in . 
the affected Area during this and 
tutors geserstions will be adequately 
Protected during repository siting, cos- 
@erection, operation, closure, and 
deconnissioniag, end projected environ-
mental impacts can be mitigated, to an . 
acceptable degree, taking into iccount 
programmatic, technical, social, eco-
nomic, end envirosmental factors; . 

Impacts can be acceptably mitigated - to - 
prevent significant adverse envirousental 
consequences. 

The evidence does not support a finding that the site %s 
mot likely to meet the qualifying condition (Level 3). 



960.5-2-5 	 6.2.1.6 	to identifiable adverse impact significant 
,enough,,to prevent System Guideline 960.5-1 
(a)(2) from. being' 

Ability to meet environmental requirements 
in time is uncertain. 

The evidence indicates that the favorable condition 
is not present. 

The DOR can sot project that all poten-
tial significant adverse environmental - 

.impacts can be mitigated to an insigni - 
'Leant level. , 

The evidence indicates that the favorable condition 
is not present. 

Table 6-2. !recipient.. and Postclosure Technical OUidelines Not Requiring Site Characterisation for the Davis Canyon Site 
-(Page 5 of 10)  

Statement of 
	

10 CFR 
Technical Guideline 	 Guidons. Nwaber IA Section lumber 	 Asseement Results 	 Findings 

(2) The requirements specified in 
Section 960.5-1(a)(2) can be met. 

(b) Favorable Condition.  

(1) Projected ability to meet, within . 
time constraints, all Federal, state, 
and local procedural and substantive 
environmental requirements applicable 
to the site and the activities proposed 
to take place thereon. 

(2) Potential significant adverse 
environmental impacts to present and 
future generations can be mitigated to 
an insignificant level through the 
application of reasonable measures, 
taking into account technical, social, 
economic, dud environmental factors. 

(c) Potentially Adverse Conditions  

(1) Projected major conflict with 
applicable Federal, State, or local 
environmental reqiiremente. 

-(2) Projected significant adverse 
environmental impacts that cannot be 
avoided or mitigated. 

43), Proximity to, or projected 'EWA-
. !Leant ad 	 environmental impactb of 
; .the repository or its support facili-

ties on, a component of the National 
, Park System, the Rational Wildlife 

Refuge System, the National Wild and 
Scenic Rivers System, the Rational Nil-

. dermess Preservation System, or Natiosal 
Forest Land. 	. 

(4) Proximity to, and projected signi-
ficant'adverse environmental impacts of 
the repository or its support facilities 
on, • significant State or regional pro-

- tented resource are., such as a State 
. park, a wildlife area, or a historical 

960.5-2-5 	 6.2.1.6 	-Major conflicts with any Federal or 
federally-mandated, State or local 
environmental requirements are not 

. projected. 

All projected significant adverse Lapects 
can be mitigated with the exception of the 
degradation of air quality within.Canyon - 

: lands Rational Park during repository 
operation. . 

The site is proximal to the Canyonlands 
::Rational Park. Repository operation will 

cause degradation of air quality within 
•the park. The repository activities will 
be visible and audible from several places 
within the pork. 

The evidence indicates that the potentially adverse 
condition is not present. 

The evidence indicates that the potentially adverse 
coalition is present. 

The evidence tali 	 that the potentially adverse 
condition is present. 

Potential for significant adverse *mete 	The evidence indicates that the potentially adverse 
may occur at Newspaper Rock sear the 	condition is present. 
site. 

(5) Proximity to, and projected •igni-
ficant adverse environmental impacts of 
the repository and its support facili-
ties on, a significant Illative American 
Resource, such as • major Indian reli-
gious site, or other site, or other - 
sites of unique cultural i  

No significant adverse impacts are expected 'The evidence indicates that the potentially adverse 
at the nearest significant Native American condition is not present. - 
resource (Salt Creek Archaeological District). 



• 

Air Quality - Although preliminary air 
quality 'modeling indicates that air 
quality mill be degraded, air quality 
impacts mill be mitigated to an accept-
able degree. 

Water quality - Surface and ground-water 
contsaination by process mastewater or 
surface runoff can he mitigated through . . 
the use of reasonable engineering prat-
tices. Possible leaching of salt into 
'ground water mill result in negligible 
Impacts..  

. 	, . 
Oniturslitesources - There are no cultural 
resources in the immediate vicinity of the 
proposed site, which are eligible for listing 
on the National Register. Nemspaper Rock 
State Nistorical_Konument will experience 
temporary (7 years) and reversible effects 
from increased noise and traffic. 

Biota - No critical habitat for the threatened 
*7—endangered species have been identified in 
the immediate vicinity of the site. 

Land Use - The most important consideration 
lircarg of land use is the proximity of the 
site to,the Needles,listrict of the Canyon- . 
lends National Park. This.site does mot 
appear to have anyirreconcilable conflicts 
with designated land uses. 

Noise - Opportunities for solitude in Canyon-
MI; National Park proposed Wilderness Area 
and in the Bridger deck Area Wilderness Study 
Area will be diminished from elevated noise 
levels, bed will be such less then free per-
iodic coumercial airline overflights in the 
area. 

The evidence does not support a finding that GM 
site is disqualifiir(Level 1)1 

Table 6-2. freclosure and Postelesure Technical Guidellass Not Requiring Site Characterisation for the Davis Canyon Site 
(Page d'of 10) 

. 	Statement ed 	10 CPR 
- Technical Guideline. 	 Guideline Number VA Section Number 	 , Assessment Results 	 Tidings 

(6) Presence of critical habitats for 
threatened or endangered species that 
may be compromised by the repository OT 
its support facilities. 

(d) -Disqualifyinf Conditions. Any of the 
following shaft disqualify the gates 

(1) Daring repository siting, construc-
tion, *potation, closure, or decommission-
img the quality of the environment in the 
affected area could ant be adequately 
protected or projected environmental 
impacts in the affected area could not 
be mitigated to an acceptable degree', 
taking into account programmatic, 
technical, social, economic, and 
environmental factors. 

060.5-2-5 	 6.2.1.6 	No Critical habitat for threatened or 	The evidence indicates that the potentially adverse 
endangered species has been identified on 	condition is not present. 
or sear the site to date. 

Salt Management and Disposal. For the 
projected volumes of salt to be disposed of, 
rate andIengthof time of discharge, prat - 
ticalnitigative measures can be inple- 
wanted so that there genii be me significant 
adverse environmental impact., 

Radiological - • conservative predictive  radio- 
Zogieal 	analysis indicates that exposures 

. 

	

	.of the public during construction end operation 
of thetepository All be below health and 

•safety requirements established by the NRC and 
the VA. 



Soils The amount of land withdrawn for 
repository development is less than 1 per-
cent of the total for San Juan County. This 
is not likely to have an unacceptable adverse 

;impact on the quality of the enviroment. 

1.2.1.1 	'Visual Aesthetics.  Although the facility 
would have a high degree of visibility, so 
unique features are likely to be signifi-
cantly effected by the construction, 	. 
operation, or closure of the repository. 

Wo part of the repository or support 
facilities OT restricted area will 
be within such designated mem. 

060.5-2-5 

The evidence does not support the finding that 
the site is disquiTitiod (Level 1). 

Table 1-2. Proclesure and Postelesers Technical Cuidelimes not Requiring Site Characterisation for the Davis Canyon Site 
_ - _ 	. 	--(Page 7 of 10)  

Statement of 
Technical guideline 

10 CFR 
Guideline Number IA Section lumber Assessment Results Holdings 

(2) Any part of themetiicted arm or 
repository support facilities would be 
located within the boundaries of • ' 
component of the lational.Park System 
the national Wildlife Systm, the Rational 
Madero... ?reservation Spleen, or the 
Rational Wild and Scenic Rivers System. 

(3) The presence of the restricted 
ems br the r sitory support facili-
ties would conflict irreconcilably with 
the previously designated use of • COO-
panne of the national Park aystes, the 
Rational Wildlife Refuge System, the 
'seismal Wildlife Wilderness Preserva-
tion- 8,0mm, the Rational Wild and 
Scenic livers Spites, or Rational Forest 
Lands, or any comparably significant 
.State protected resource that was dedi-
cated to resource preservation at the 
time of the enactment of the Act. 

SocioecomMic Impacts 	 f60.3-2-6 

(a) Qualifying Conditions  

The site shall be located such that 

The presence of the repository support 
facilities or restricted area is mot 
expected to cause irreconcilable 
conflicts. 

The evidence does not import the finding that 
the site is disquarffied (Level 1). 

(1) Any significant adverse social and/or 
economic impacts induced in immunities 
nod surrounding regions by respository 
siting, construction, operation, clos-
ers, and decommissiouiag can be offset 
by reasonable mitigation or compensation 
as.deterni•ed by a process of analysis, 
planning, and consultation among the 
VOR, affected State and local government 
jurisdictions, and affected Indian 
tribe.; and (2) the requirements 'Paci- 
fied in Section 060.3-1(a)(2) can be met. 

(b) Favorable Conditions  

(1) Ability of an affected area to 
absorb the project-related population 
changes without significant disruptions 
of community services end without 
significant impacts on housing supply 
and demand. 

(2) Availability of an adequate labor 
force ra the affected arm. 

Rased on theana/ysis of existing infer-,  
nation, reasonable litigation or compensa-
tion can offset adverse impacts and 
requirements can be met. 

The projected net change in total popula-
tion in the study area is greater than 201 
of the misting population during the peak 
period. Community infrastructure will mood 
to be developed or the impacts on local 
housing schools, etc. will be severe. 

less than 20 percent of the peak labor 
force demand can be set with the existing 
local work force. 

The evidence does not suport • !imams that the site is 
mot likely to meet ate qualifying condition (level 3). 

The evidence indicates that the favorable condition 
is mot presume. 

TM evidence indicates that the favorable condition 
is not present. 



960.S-2-7 

Sand en preliminary Osnisis of repre-
sentative scams routes and projected 
transportation operations there is no 
iadication that the qualifying conditicli 
cannot be pet. 

The evidence does not support a finding that the site is 
mot likely to meet the qualifying condition (Level 3). 

Table 6-2. ?rectorate and Peetclesurs Technical Guidelines Rot Requiring Site Claracterixation for the Davis Canyon Site 
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statement of 
Technical, Guideline ' 

10 Cl 
&bidelime number $1 Section lumbar Asscsement !units Findings 

(3) 'Projected met increases is employ-
win and business sewed com-
munity service., and increased govera-
sant revenues is the affected area. 

(A) T° projected substantial 
disruption of primary sectors of the 
oconcey of the affected area. 

. 	. 	. 
(c.) potentially Adverse Conditions  

(1) Potential for significant 
repository-related impacts en cooniaity 
services, housing supply and demand, 
and the finances of Stateen local 
garment agencies in 	affected 

(i) lack of * an adequate labor force in 
the affected area.. 

(S) Seed for repository-related pur-
chase or acquisition of water right*, 
if ouch rights could lave significant 
adverse.10PnctiCon the present or filters 
development of the affected area. 

(4).„Potentiat for iljor diaraitions of 
primarreactore of the economy of the 
op/sited:area.  

(A). Disqualifying Condition ., 

A site shall be disqualified if repository 
construction, operation, or closure 
mould significantly degrade the quan-
tity of water fres major sources of off-
site suppliers presently suitable for 
Imam ennumption or crop irrigation and 
such impacts cannot be compensated for, 
or mitigated byoreasonabta measures. 

Transportation 

(a) Qualifying Condition  

The site shall be located such that 
(1) the access routes constructed free 
existing local highways end railroads 
to the site (i) will act conflict 
irreconcilably with the previously 
designated use of any resources listed 
is 9604-2-5(4)(2) and (7); (ii) can be 
designed - and cow:voted swing reason-
ably available teChnology& (iii) vitt 
lot require transportation goitre con-
'manes to meet performance standards 
mare stringent than those specified is - 
the applicable SOT and QC regulations, 

Jobe created by repository COMICTUCtiOS 
and operation and direct 'material pur-
chases will Inman employment sod len-
ses, sales. 

Retail and service sectors @bond have 
a met increase in salsa. Doe to the in-
creased population, loss is tourism will 
be offset by the overall economic growth. 

tbellpact on semen pity services and 
Ionia supply will be significant ' 
because of cumulative growth impacts 
en area communities. 

There is a mail local tabor force. 

Alternative eater sources are available 
mad gond mot affect present or future 
development. 

Retail and service sectors mould have 
a net increase is sales. 

Any potential degradation of surface- and 
ground-water quality sod quantity can be 
mitigated by planned engineering and 
design measures. 

Ile evidence indicates that the favorable condition 
is present. 

the evidence indicates that the favorable condition 
is present. 

The evidence indicates that the potentinly,ol;erse 
condition to present. 

The evidence indicates that the potentially adverse 
condition is present: 

The evidence indicates that the potentially adverse 
condition is not present. 

The evidence indicates that the potentially adverse 
condition is not present. 

The evidence does not support a finding that 
the site is liftman/id (Level 1). 
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10 Cl 
Technical Gulden= 	 Wien= Somber Li Section lumber 	 Assessment results 	 Tidings 

Or Toga= the development of see pack- 	660.5-2-7 
click containment technology! (iv) mill 
allow transportation operations to be 
=educe= without causing an unaccept-
able risk to the public or =acceptable 
enviroomental Isparta; and taking is= 
account programmatid technical, social, 
economic, sod envirennestal factors! and 
(2) the requirements of Sections 660.6-1 
(a)(2) isau be met. 

(b) •favorable Conditions  
. 

(1) Availability of access routes from 
local existing iligWays and railroads 
to the site =I= have any of the 
follevingsharsctoristices  

(i) loch routes era relatively short 
end occ000ical,to construct as compared 
to access routes for ealkeroomparable 
siting options. 

(Li) federal condemnation is mot 
required to acquire rights-of-say for 
the access routes. . 

(iii) Cate, fills, tanner, or bridges 
are sot required. 	 - 

'Cie). Such routes are free of sharp 
curves,  or steep grades and are sot 
likely to be affected by landslides or 
reek slides. 

(v) . Such routes bypass local =tie, 
and toms. . 

, 
(i) Proximity to local highways sod 

'railroads "that provide access to 
regional highways and railroads sad ere 
advanate to serve the repository 
without significant upgrading ter 
reconstruction. 

(3) troxisity to regional bigberays, 
mailine railroads, er island satereays 
that provide access to the sexism= 
transportation system. 

(4) Availability of a regional rail-
road system with a Weissa somber of 
interchange points et =LA trails crew 

-tad equipmeat Shama mould be required. 

(5) fetal erojected life-cycle cost sad 
✓isk for transportation of all wastes 

- designated for the repository site ubigh 
are significantly lower than those for 
comparable siting options, considering 
locations of press= sod potential 
soave= 'fusses's, Uteri: storage 
facilities, and other repositories. 

Sone of the cited characteristics are 
present (ii and v).  

.6iPsiticant upgrading of portions of 
_191 and V.S. 666 is anticipated at a cost 
of approximately =million. 

The disuses to 1-70 (teethe end of the 
access route alternatives ranges hum 
103 to 135 kilometers (64 to !Smiles) 
from 4S to 33 kilometers (30 to 36 miles). 

.111ere are31iSterchanges per routing. 

Analysis of =Leila data shows the cost 
and risks to be higher than for ether 
sites (see Chapter 7 for comparison). 

PhaSnidonce indicates that the favorable condition 
is Oct present. 

The evidence indicates that the favorable condition 
is sot present. . 

The Snidest,' indicates that the 
is sot present. 

The evidence indicates that the 
is pot present. 

t he evidence indicates that the 
is mot present. 

favorable =edition 

favorable condition 

favorable =edition 

6.2.1.6 



960.5-2-7 	6.2.1.8 	One railroad and eight motor carriers 
are available to handle waste !shipmate 
to the repository. 

Stat.O.O.4 Local ordinances are not 
expected to impede transportation. 

The evidence indicates that the favorable condition 
is p 	• 

The evidence .indicates that the favorable condition 
is present. 

The State•Smergency Operations Plans 
covers hazardous end nuclear materials 
incidents. 

The evidence indicates that the favorable condition 
is p 	

•, 

Temporary seasonal disruptions may occur 	The evidence indi 
	

hat the favorable condition 
because of seasonal storms, but these 	is present. 
will not result in significant disruptions. 

The evidence indicates that the potentially ad 
condition is present. 

The evidence indicates that the potentially adverse 
condition is present. 

The evidence indicates that the potentially ad 
condition is eeeee nt. 	- 

The evidence isdicates that the potentially adverse 
condition is present. 

(1) aCC488 routes to existing local 
highways and railroads that are 
expensive to construct relative to 
nomparablesiting options. 

(2) .Terrain between the site and exist-
leg local highways and railroads such 
that steep grades sharp switchbacks, 
rivers, lakes, landslides, 'rock slides, 
sr potential sources of halmard to imam-
iag waste shipments will.be encountered 
along acceisroutes to the site. 

(3) guisting local highways and rail-
roads that could require significant 
reconstruction or upgrading to provide 
adequate routes to the regional and 
nativesl transportation system. 

(4) Any local condition that could 
cause the transportation-related costs, 
environmental impacts, or risk to public 
health and safety from waste transporta-
tion operations to he significantly 
greater than those projected for other 
comparable siting 'options. , 

(d) Disqualifying Condition  

This guideline has no disqualifyiog 
condition. 

Access route construction in the Paradox 
1481■ is expected to cost as much as 
$79 !million for highway and 9269 million 
for rail access. 

The terrain between existing local high-
way. and railroads has steep grades and 
landslide potential. A crossing of the 
Colorado giver is necessary for rail 
access. 

Substantial portions of highways will 
require improvement. 	' 

Transportation related impacts are 
significantly greater than for other 
sites (see Chapter 7 for comparison). 

Table 6-2. Preclosure and Postcl 	 Technical Guidelines Dot Requiring Site Characterisation for the Davis Canyon Site 
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(6) Availability of regional and local 
carriers—tracks, ,  rail, end meter-- 
which have the capability and are will-
lag to handle waste shipments to the 
repository. 

(7) Absence of legal impediment with 
regard to compliance with Federal regu-
lations for the transportation of waste 
in or through the affected State and 
adjoining States. 

(S) Plans,; procedures, and caiabili - 
ties for'responee to radioaCtive waste 
transportation accidents in the affected 
State that are completed or being 
developed. 

, 
(9) A regional me  ogical history 
indicating that significant transporta-
'tion disruptions would sot'be routine 
seasonal occurrences. , 

(c) Potentially Adverse Conditions  



appropriate jurisdiction and controls of the controlled-area lands that are necessarY,t0Jpre7 
vent adverse human actions,that•could significantly reduce the geologic repository'vcapabil-
ity to isolate waste. A conservative estimate based onpreliminary dat • related) to•radio7 
nuclide release time is.that 2,331 hectares (5,760 acres)would allow ell-EPA and NRC,. 
radionuclide release requirements to be met (sezBections : 6.3,and 6 ?4). 

• . 	• 	• 
Present Ownership of the Land. Land withinthe site comprises approximately 92:percent--,. 

federally owned lands managed by the Bureau of Land Management (ELM), 4 percent State-owned 
lands, and 4 percent private lands (Section 3.4.1.1 and Section 4.1.2.1).-“:, 

Assumptions and Data Uncertainty. The number of acres that will comprise the controlled 
area is a preliminary estimate based on available data., The:final,determination.of.the actual; 
size of the controlled area at the site will depend on the rate of ground-water flow, as well 
as other , site characteristics v and, will be established after-oompletion:of:site characteri-
zation studies to ensure that releases:to:the accessible environmentwillpot,exceed.those, 
permitted by the U.S.:Environmental Protection,AgencY MAY (40 CFR fart.19,11EPA, 19820).:' 

r i  
As a separate consideration,:the DOE does not. anticipate that anyadditional control„ 

outside the controlled area will be required to prevent adverse,human actions (10 CFR •, 
60.421(b)). : -The DOE controlled-area estimate is .contervative.anotalready lncludes_o buffer_ 
area v beyond that otherwise requiredon performanczassessment grounds,.to account for 
potential human intrusion (Chen and Raines,.1985). : 	• 	H• 

Analysis. Because most of the site is located on public land managed by the BLM, 
Congressional action, is. 	to permanently withdraw the. land. , On•State-owned and T 
privately owned land, fee_simplzownership of the surface and,oUbsurface;mill afford thzDOE, • 
maximum control over the repository site. If negotiations are unsuccessful, the DOE has 
authority under Federal law to condemn. 

6.2.1.1.2 Analysis of Favorable Condition. 
• , 

Present ownership and control, of land and all surface and 
 by the poE. , 

": 	 • 	 . 	 :.)t, • 	. 1  

Evaluation. ,The ROE :does not presently own or control the landand,ollaurface 
and subsurface:rights... The DOE:will tamotoacquire the necessarylights 
cussed above. 

The evidence.indicates'that the. favorable :condition is mot-present.:, 

6.2.1.1.3 Analysis of Potentially Adverse Condition,. 
• .- 	• 	:•:- 

Projected.land7ownership conflicts that, cannot be,ouccessfully.resolved , . 
through .voluntary ;purchase-seWagreements, nondisputed agency-to-agency, :  

transfers of title, or Federal condemnation proceedings:,  

Evaluation.,-TheDavivCanyon :sitel4.4ocated :primarily on public land managed.bythe 
BLM.• To acquirejlis land, a;Coogressiopikaction ioxequired to withdraw,thellanaverman7 
ently.j:Theltalance 48 . 4ocated on State .and private, land.; The. DOE'leill:Acquirejhis property, 
by voluntary purchase.or Federal condemnition. :  4f 7necessary. Itequizedinteresfin land will - 
have been acquired by the DOE : in the,p;eclosure time period if theiite:is AOlected.for :a: 
repository,: and there will be no'postclosure.land7ownershipoonflicts.•r, 	, 	4%)7. 

The evidenovindicatesthatthe potentially, adverse conditionjs not present. :  
• • 	- 7%;  . 

642.1.1.4 Analysis of DisOualifyink ,Condition. :-The-site:ownershivand:control-guideline 
does not have a.disqualifying;condition,, :, : 	,:i 	;;:7, 

- 	- 	1. 	• 	• 	7  - 	 7 	' 
6.2.1.145 Conclusion for the Qualifying Condition. The favorable condition is not pre-

sent in that the DOE does not presently have ownership of the land and all surface and sub-
surface rights, nor has it been permanently withdrawn and reserved for its use. 

6-17 . 
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The potentially 'adverse conditiOnii:preient. .HOWever,:theDavis"Cinyon site is lOcated on 
land forrwhiCh:theDOE can obtain Ownership and control' access to insUre*thatany4ite. 	'- 
activities' wilt not lead:to .tiprOjeetion' of radionuclide re/eities .  to an unrestricted'area'' 
greater than thoie.distUisectin Settion ,1 960.4-1 through permanent withdrawal on Public - lend 
and through negotiation anit,Aflfteceisaryi,. Condemnation on State-owned or privite'land;': The 
DOE will acquire all necessary land prior to repository construction. No additional land 
requirements are'antici-pited for the pOstIlOsureperiod.: 

The evidence does , not supPorti finding' that the Site is not likely to meet the 
qualifying condition (Level 3). 

6.2:1.2 Population Density and Distribution, Guideline 10 CFR 960:5'2-1 

The objeCtive'ofthe.pOpUlation . density and distribution:guideline* is to ensure the 
selection of a repOsitOry'sito that will:minimize riSk'tothe'public and-permit compliance 
with , the EPA and NRC'reguiations. ,The'EPA:Standard , (40'CFR Part 191) .  Hilts exposures to 
members of the public and further requires that these exposures be reduced below the limits to 
the extent reasonably'achievabli. j7be'proposed , EPA standard limiti the, radittion dose that 
any individual outside the boundary OUthe , restricted area would receive to a maximum yearly 
doseoC2S millirem to, the Whole'body:75 tillireinto the thyroid,:ot 25 millirem to any other: 
organ. (Dosei-froltnaturillackground -radiatiOn , vary betWeen 1 70'and200 tillirem per year at 
different. locations in the United States.) Thee- dOses that would*risult.from repository 
releases are very much lower than the EPA maximum permissible doses. 

This guideline includes a qualifying condition, two favorable conditions, and two 
potentially adverse conditions for analysis. It also has three disqualifying conditions. 

6.2.1.2.1 Statement of Qualifying Condition. 

The site shall be located such that, during repository'operation and 
closure, (1) the expected average radiation dose to members of the public 
within any highly populated area will not be likely to exceed a stall 
fraction of the limits allowable under the requirements specified in 
Section 960.5-1(a)(1), and (2) the expected radiation dose to any member 
of the publio in an unrestricted area will not be likely to exceed the 
limit allowable under therequirements specified in Section 960.5-1(a)(1). 

Evaluation Process. A conservative approach was taken for assessing compliance with this 
guideline by showing that an individual at the site boundary, exposed continuously to normal 
operational and accidental releases of radioactivity, will not receive a dose that exceeds a 
small fraction of the limits. Both operation and closure of the facility are considered. 
This requires knowledge of the characteristics of the release rate of each radionuclide and 
the release height, as well as atmospheric transportrelated parameters, receptor location and 
number, dose' equivalent properties of the radionuclides released, a dose assessment, and a 
comparison to the EPA dose limits (40 CFR'Part 191). 

The guideline requires consideration of (1) the population density in the general region 
of the site; (2) the remoteness of the site from highly populated areas; (3) the residential; 
seasonal, or daytime poiulation'density'within the projected site boundary; (4) proximity Of ' 
the=site td highly popUlated areas, or to areas having at least 1,000 individuals in a 
1.6 kilometer by 1.6 kildmeter (1 mile by 1 mile) area; ,  'and (5) the ability to develop an 
emergency preparedness plan. A summery of the evaluation is presented in Table 6-2. 

Relevant Data. The date'relevant to making this assessment are presenteet.in'' 
Section 6.4.1. Characteristics of the release rate of each radionuclide and the release 

atmospheric transport-related paiameteii.,:AoSimetri6. - propeitiet of the radionuclides 
released, and dose assessment results are presented and ditcussed in Section 6.4.1. ' , Nis: 
primary sources of data for this analysis are 	in Sections 3.4.1, Land Use; 3.4.3, 

• 	.  . 	_ 
7r2 
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Meteorology; 3.6.1, Population Density and Distribution; 5.1, The Repository; and 6.4.1, 
Preclosure Radiological Assessment for Davis Canyon. 

Assumptions and Data Uncertainty. Demographic-data for the Paradox Region were collected 
during the 1980 Census and compiled in the socioeconomic data base report (BGI, 1984, ONWI-
471). Meteorological data•at the site are not available. Anticipating that the micrometeoro-
logical characteristics of the site will be important and that the regional nature 	the 
Paradox Basin Environmental Characterization Report (BGI, 1982, ONWI-144) does not adequately 
reflect these characteristics, very poor atmospheric dispersion was assumed for normal 
releases. 	' 

The facility design has to be considered preliminary and subject to continuing change as 
further knowledge is gained. ,  This design is believed to be reasonably representative of the 
repository operational systems likely to be included in future designs. For this evaluation 
the site boundary is considered to be at the edge of the restricted area. 

_ 	. 
Analysis. Two types of: conservative analyses are used to show compliance with the 

requirements of the Technical Guideline. -  In the first analysis, releaset of radionuclides at 
the point of release are compared to 10 CFR Part 20 (NRC, 1983b) requirements for maximum 
permissible concentrations in unrestricted areas. In the second, calculation is made of the 
annual 'dose to a hypothetical individual who is presumed to be continuously at the point of 
maximum exposure in thelunrestricted area This exposure is compared to'regulatory limits. 
Radiological analyses are detailed in Section 6.4.1. 

Section 6.4.1 shows that repository construction will result in radionuclide-release con-
centrations of less than 0.04 percent of 10 CFR Part 60 limits for releases to the 
unrestricted environment. Repository operational releases are expected to be less than' 
1 percent of the same limit. Atmospheric dispersion can be expected to further reduce con-
centrations before released radionuclides are transported to the unrestricted environment. 

Section 6.4.1 shows thata maximum exposed individual is predicted to receive an annual 
dose of 1.3 millirem per year from all pathways (inhalation, submersion, and ingestion). This 
exposure is well below the regulatory limit of 25 millirem per , year 

Potential releases of radioactivity following repository closure were not evaluated; 
however, these emissions should be much lower than during operation, bacause waste receipt and 
waste handling have ceased. ,! 

6.2.1.2.2 Analysis of Favorable Conditions  

(1) A low population density in the general region of the site. 

Evaluation. The average population density_in the,80-kiloMeter 150-mile) radius around 
the site is 3.8 persons per square mile. This is substantially lower than the national 
average of 76 perions per square mile for the continental United States.- 

The evidence Indicates that the faVorible condition is present. 

(2) Remoteness of the site from highly populated areas. 

Evaluation. Any evaluation of this'faVorable condition requires a pmecise definition of 
remoteness which is not provided in the guidelines. Therefore, for the purpose of this evalu-
ation, remoteness has been equated to a distance of 8 kilometers (5 miles) beyond the antici-
pated control zone.  

The 8-kilometer (5-mile) criterion is based on analogy with two nuclear power reactor 
precedents. First, for U.S. nuclear power plints, the Low Population Zones (LPZ) vary from 
0.97 to 9.7 kilometers (0.6 to 6 miles) as calculated on the basis of "Reactor Site Criteria" 
10 CFR 100.11 (Pearlman and Waite, 1984, p. 40). Also, evacuation zones in Federal Emergency 

7 0 



Management Agency (FEMA)-regulationshrh defined by.radiLof 3.2. and 8.kilometers(2 and 5 
miles) (Pearlman and Waite, 1984, p. 41). 	2 : 

The preclosure . emissions , from the repository will originate within-the restricted area. 
A conservative'approach.of originating the 8 kilometer (57mile) -Meashreisent on theimundaiy_Of-
the controlled area was adopted. 

There are no highly populated areas (2,500 or more persons (10 cra Part 9601) in the 
immediate vicinity of the site, The closest highlY populated areas ,  are Moab, which ha* 
5,333 persons and is approximately 53 kilometers (33 miles) in air distance away, and 
Blanding, which has 3,118 persons and is approximately 56 kilometers (35 miles) in air 
distance from the boundary of the controlled area. 

The evidence ,  indicates that the favorable Condition is present. 

6.2.1.2.3 Analysis of Potentially Adverse Conditions. 

(1) High residential, seasonal, or daytime population density,withinithe 
projected site boundaries. 

Evaluation, The.site is remote. There is no residential population within the projected, 
site , boundaries. Daytime population would be limited to off-road vehicle users passing by the ,  
site on the way to the portion of Davis Canyon located in the ,  park. ,Davidson-Peterson 
Associates and PBQ&D (1978) indicate that about 1 percent of the Canyonlands National Park 
visitors use this vehicle corridor.. This would have been equal. to about 1,000 persons in 
1983. Based on this it is. estimated that during the peak month,of park visitation less, than 
seven persons , a day would cross the site., The population density represented by this number 
of persons is far less than the average U.S. density of 76 persons per square mile. 

The evidence indicates that the potentially adverse condition is not present. 

(2) Proximity of the site to highly• populated areas, onto areas having at 
least 1,000 individuals in an area 1 mile by 1 mile as defined by the most 
recent decennial count of the U.S. census. 

Evaluation. Moab is the closest highly populated and densely populated area to the site 
and is approximately 53 kilometers (33 miles) away. As of 1980, Moab had a population density .  

of 1,777.8 persons per square mile. However, there are no areas 1 mile by 1 mile with a popu-
lation of 1,000 persons in proximity to the site. 

The evidence indicates that : the potentially , adverse condition ihnot present. - 

6.2.1.2.4 Analysis - .of Disqualifying. Conditions.' 

(1) Any surface facility.would - be loCated:ina highly, populated area 

Evaluation. The surface facility is,not located in an incorporated place of , 2,500 or 
more persons or any census designated place of 2,500 or more persons. 

The evidence supports a finding that the site is not disqualified on the basis of that 
evidence and is not likely to be disqualified (Level 2)., 

(2) Any surface facility of a repository,wou/d be located adjacent to an -
area 1 mile by 1 mile having a population of not less than 1,000 indi-
viduals enumerated by the most recent U.S. Census. 

Evaluation. The surface facility would be.located 53 kilometers (33 miles) in air, 
distance from Noah which is the nearest area of at least 1.6 by 1.6 kilometers (1•bY . 1  b1410).') 
having a population of not less than 1,000 individuals. 
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The evidence supports a finding thatthe site is not•disqualified on the basis of that 
evidence and is not likely to be disqualified (Level 2). 

(3) The DOE could not develop an emergency preparedness program which 
meets the requirements specified in DOE Order 5500.3 (Reactor and 
Nonreactor Nuclear Facility Emergency Planning, Preparedness, and Response 
Program for Department of Energy) and related guides or when issued by 
the SRC, in 10 CFR 60;_Subpart I, Emergency Planning Criteria. 

Evaluation. Since the issuance of the DOE Order 5500.3 in August 1981, the DOE has 
developed'emergency preparedness programs for its facilities throughout the United States. 
Emergency preparednesvprograms have been developed for operations at the Nevada Test Site, 
which is an arid, remote area not dissimilar to the Paradox Basin site. 	. 

The recent experience of,the.DOE.in  emergency preparedness programs in response to the 
DOE Order 5500.3, and specifically the successful experiences at the Nevada Test Site (DOE 
1982), indicate that the,DOE will be , able to develop an emergency-preparedness program at the 
Davis Canyon site, Further, in its assessment of the sequirementS of this Order, the DOE has 
determined that it can prepare an, emergency preparedness program: The "Emergency Planning 
Criteria," 10,CFR Part 601 Subpart I, °has not been issued by NRC. 

Therefore, the evidence,does,not support a finding that the site is disqualified 
(Level 1). 	 u  

- 	 : 
6.2.1.2.5 Conclusion for the Qualifying Condition. .The major concern of this guideline 

is the protection of the public from the radiation doses in excess of the limits allowable 
under Section 960.5-(a)(1). 

As shown in Section 8.4.1,-themaximumexposed.:IndividualJsexpected,to receive an 
annual dose-of-,lest than2.0 millirem...perlrear;Irom'all,-pathways,(Inhalation, iubmersion, -,  and 
ingestion). This*cposure 	below,:theregulatory_limit of. 25 millirems per year. 
AtmospheriC dispetiion,oan:be expected toJurther:reduce concentratiofit before released 
radionuclides ire ttanspOrte“othe environment outside the restricted arta. ,  

Analytei of releases and exposures following closure have not beth Made, but are expected 
to be.lower then,otierettonal values: 	- ' 	,-.1 , 	. ,. ,, 

 

The annual itdionuclide dose to ainaximum exposed.individual at:the site boundary is 
several orcieft of Magnitude below the.allowable limit specified under:966.5-1(a)(1). Highly 
populated eireei are distant from the site, so both of the qualifying Conditions are met. 

•

, 

The'evidenee does not support efindingJhat the site ienot likely to meet the quali-
fying condition (bevel ST 	. - 	. , r • -,`.---' „ f 	,1- 

6‘2.1.3 ' Site Ownership and Control .(Preelosure), -Guideline 10 'CFR 960.5 -272. 
(, 	. 	:f. -  z, 	1: 	. ', 	' 'I' 	;.1 ,' 	4 	• ., 	; 	. 	•  

Although the preclosure and the postclosure guidelines on site Ownership and control ere 
stated in.si.miler terms (see:Section 960.4-2-8-2), they are,related to different System Guide-
lines-(iie4,, the preclosureand:the.postclosure,System Guidelines), The land areas and 
controlsraquired maY7differ,slightlY,_ee.discussed in the preamble, for Section 960.4-2-8-2. 

This,guideline,includea a qualifying condition; one favOrable condition, and one poten-
tially adverse condition for analysis. It does not have a disqualifying condition. 

6.2.1.34 Statement of Qualifying Condition . - -  
, 

i .-_The site shall be: located on land fo which the DOE can obtain, in 
accordance with the requirements • of 0 • CFR Pert 60.121, ownership, surface 
and'  5124 104Ti 	jt c, .Shte, and control 	teem thai are required in order 

rfl::'''.t 	• 	' 	["' 

• 
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that potential surface andsubsurface activities during repdsitory 
operation and closure will not be likely tOleadt0 radionudlide'releaseil'i 
to an unrestricted area greater than those allowable under the require- 

	

ments apedifiedin Sectiow960.5-1(a)(1): 	:fl7 

Evaluation PrOdess.. ,.The evaluatiOn.process:involves . theidentification-of theAand 
requirements for'site characterizatiowind the repository,; identification -of thepreSent 
ownership'of the land, and an analysis. aito whether: the DOrcaiCobtailithe land requirements 
specified in the guideline. A summary of the evaluation is presented in Table 6-2. 

Relevant Data The:land within.the Davis Canyon site•comprises approximately 924) -erent 
public lands managed by:the Bureau:of Land Management (BLM); 4 percent'State'Iands,Hand - 4 per,w 
cent private lands (Section 4.1) .. 5 There 	ancigai leateiCi mineraIqeasei;..mining- 
claims, and grazing rights including unrecorded stock-watering rights. No lands owned by the 
DOE are locateciin the vicinity of.'the candidatcrepositorY Site. 

.Required land for site characterization'activitiei, as Well;as MethOds'of adqdleition c  
are discussed 'Jr:Section's 4.1 an& 4.L2.1 ...-:.TO summarize:the:DOE will`, obtain Iandrequired 
for site characterization studies on . publ.Wlend . under's cooperative'agreement With the BL14.1  
If these activities occur On privatelY owned:land :  OrlState-'ownedland the'DOE:will-purchaSeOe 
lease required areas. The DOE will protect approximately 2,145 hectares (3,300 acres) of 
public land ,  at thePOtential - repOsitory.site by filing a WithdraWal applicationfOr'protiCtion 
pursuant to the Federal Land Policy and Management Act of 1976 (43 USC Section 1714);- 43CFR•- 
Subpart 2310. The DOE expects,to protect State and privately owned land by purchasing or 
leasing surface and-subsurfacorighti. 	'H. 	 -1 7- ;' 

- 	 • 

Land requirements and.current land use for the repository are fully discussed in- -  
Sections 3.4.1, 3.1, and 5.2.3. Current estimates are that a repository 'site will consist of 
(1) thegeologiorepositoryaubsUrfice 'operations area:of 7approximately.T781 , fiectares: 
(1,930.acres),: (2)..a fenced. Central-  area Of about 189 hectares (467 acres) fOrSUpport:: ,  
buildings and repository surface ficilitlei,i:and:13Ya:contr011eil4reaextendingoutward from 
the edge of the undergrounti-fadility. The total amount orlandrequired for the surface 
facilities, subsurfacefacilities, and controlled trei - ir estimated tO . be 2,332 hectatesi ,- ,  
(5,760 acres). 

It is anticipated that the' repository site will be located , on'publin,-7stateif-and privite 
land. To comply with the NRC requirements, 10 CFR 60.121, Congressional action will be  
required to permanently withdraw - the Federa l: land.. State. and - private;land will-be acquired by 
voluntary purchase or FederalcOndeMnation,Af  

Owhership of.tioth surface and subsurface water rights is controlled by the State Engineer, 
in Utah (Appropriation7Manner:ofAcqUiring Water Rightsi-Utah , Code .Ann.., Seittions:733-14t 
seq). As discussed in Chapter 3, the site is located-in an arid region and there4re , no 
significant surface or subsurface water sources located at the site. Moreoverithere-are no 
recorded significant water rights'ipproved'by-the Utah.State.Engineer atithe Site whill'wOuldf ,  
have to be acquired bythe DOE (Utah State Engineer's Office 'of Water Rights, 1984). 

7: 	 ;;':! 	; 	 :•1 ,: 	• 	 s: 

Assumptions and Dita . UnCeirtaint*i 'The ntmber ,of acres constituting the controlled area`'-
is a conservative'estimate based oulavillabia-dattThe , actUil gizeOUlho:controllediarde'et 
the Site will deperid . onAhefinaI- rate of4round-water'fIcili:andiather'aite'CharacteristicWc ,-,  
and will be established after completion of 'site characterization studies to ensure that 
releases tothe'accesiible4nvirOnment'will.flOtexteed.those perMitted-by=the'EPA2.(40:CFI 
Part 191). 	 - 	'• 

Analysis. As previously stated, public , lancUiequired.foi siti:charaCterizatiOncin)be 
obtained by a cooperative agreement and. a:withdrawal for protection. 'Required interests in 
private and.State-oined:iands can be acquired through linitchaSe"orlease.. -tondemnition can be 
used, if neceSsary;flan“wiership:requireienta for'-therepOtitork.an , be mee..by:Ccingrer-
sional action to perMinentlywithdraw ; the:reqUirod , p08iid lands.`' iquirea interests in State-
and privately owned land can be obtained by negotiation of fee simple ownership of the surface. 
and subsurface or by Condemnation,-if neCessnary. 

	

- 	' 	— 	 7 
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6.2.1.3.2 Analysis of Favorable Condition. 

Present ownership and control of land and all'surface and Subsurface 
• mineral and water rights by the DOE. 

Evaluation. The DOE does not presently own or control the land and =all surface and 
subsurface mineral and water rights.. The DOE will have ta acquire ,the-necessary-rights as 
discussed above. 

The evidence indicates that the favorable condition is not present. 

6.2.1.3.3 Analysis of Potentially Adverse Condition. 
• 

Projected land-ownership conflicts that cannot be successfully resolved 
throigh voluntary purchase-sell agreements, nondisputed agency-to-agency 
transfers of title, or Federal condemnation proceedings: 	- 	'r 

Evaluation. The Davis Canyon site is located primarily on public land managed by the 
ELM. ' To acquire the necessary land, Congressional action is 'required to withdraw the laid 
permanently. ' - , . , , ' y 

The 'evidence indicates that the potentially adverse 'condition ii present. 

6.2.1.3.4. Analysis of Disqualifying• Condition. ' -The site ownership and control' guideline 
does not have a disqualifying condition. 

6.2.1.3.5 Conclusion for the Qualifying Condition. The favorable condition is not 
present. The DOE does not presently have ownership of the land,-,mineral, or water rights. 
The potentially adverse'condition is Present. However, the Davis Canyon site is loeated on 
land for which the DOE can obtain ownership, control access, and.acquire the necessary rights 
including water to ensure that any site activities will not 'lead to -a projectionof ,  radio-- 
nuclide releases to an unrestricted area greater than those discussed in Section 960.5-1(a)(1) 
through negotiations or, if necessary, condemnation, and permanent withdrawal. 	 • 

The evidence does 'not support a finding that the site is' not likely to meet th 
qualifying condition (Level 3). 	

, 

6.2.1.4 Meteorology, 'Guideline '10 CFR 960.5-2-3 

The principal objective of .the preclosure guideline on meteorology is to r ensure that-the 
weather conditions at the site are favorable for the atmospheric dispersiOn-of any radioadtive 
emissions and to ensure compliance with the System Guideline for preclosure radiological 
safety. , Also of concern is the potential for extreme weather phenomena that could affect the 
operation and safety of the 'reposittiry.- ' 	' ' 	.= 	- 	- 

This guideline includes a qualifying condition, one favorable condition, and two 
potentially adverse conditions for analysis. It%does not have.a,diSqualifYing conditiOn. 

6.2.1.4.1 Qualifying Condition. 

The site shall be located such that expected meteorological'conditions during 
repository operation and closure wilf'not be likely to lead to-radionuclide releases 
to an unrestricted area greater than those allowable under the requirements 
specified in Section 960.5-1(a)(1). 

Evaluation Process. The approach for assessing compliance with this -guideline is to show 
that the prevailing meteorological-conditions it the site would act , to transport and effec-
tively disperse any radioactive emissions from the site'to -a pcitential'reCeptor, such that'the 
received whole body doses do not exceed-the allowable -limits. This evaluation-process 
requiresan understanding of the 'characteristics of the release rate and ieleate heiiht of 
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each radionuclide, dispersion data, the receptor.location and number,, the dose equivalent 
properties of the radionuclides released, dose assessments, a comparison of NRC release limits 
(10 CFR Part 20), and a• Comparison• of, the'EPA whole: body dose limits: (40 CFR Part 191). The 
approach also assesses the potential for radiological emissions to be caused,by a• meteorologic 
event. This evaluation process requires an assessment of the frequency and intensity of 
extreme weather events, including'tornadoes, hurricanes, flooding, rainstorms, snowstorms, 
maximum snowload, and high wind speeds. Both repository-operation and closure; are considered 
under normal operation (Section 6.4.1.2 and 6.4.1.3) as well as accident conditions  
(Section 6.4.1.4). A summary of the evaluation is presented in Table 6-2. 

Relevant Data  The primary sources of data for this analysis are as follows: 

1. Facility Design.. The design used in tiiis analysis is presented in Section 5.1. 

2. Preclosure Impact Assessment.- A. presentation of the expected and accidental sources 
of radionuclide releases,, and an evaluation of, the transport and diffusion of these 
releases, is presented in Section 6.4.1. 

Meteorological Conditions and Assessment. No onsite or nearby representative wind 
speed, wind direction, or atmospheric stability data exist. These data are 
necessary to model predicted radionuclide transport and dispersion in unrestricted 
areas. Regional atmospheric stability data from the Grand Junction National Weather 
Station were used where appropriate (Section 3.4.3.1). In addition, regional severe 
weather data were used to conduct. preliminary assessments (Section 3.4.3.6). 

4. Demography. Population distribution and density are presented in Section 3.6.1. 

Assumptions and Data Uncertainty.-  tonvterm cliMitOlegiCal:ind meteorological data at 
the Davis. Canyon site are not available, A meteorological scenario that will result in-- 
maximum expected concentrations:of radionuclideais assumed , (i.e.overy, stableistmospheric 
conditiona("F", stability class). and very lOwwindapeedll. meter (3.3 feet) per second]). , — 

The repository closuraphase ia.notspecifica4y discussesihere.'i However, documentation 
of previous. decommissioning studies of nuclear facilities indicates that, under any condi-
tions, radioactive releases have been controlled tolevelstlelowLthOseduring the Operations 
phase (see Section 6.4.1.1). - 

The data base on extreme weather phenomena. that. might baexperienced in the area i3 
typical of data that have been used to establish design parameters for other licensed nuclear 
facilities,-.Guidancepnappropriate parameters: te be considered iaprovided In RegulatOry - 

'Guide 1,70 (NRC,J978).:' 	 H:)'! 

Analysis..  Two types, of evaluations: were, used. to show Compliance with the regulations 
specified in Sections 960.5-1(a)(1), 10 CFR Part 20 and 40 CFR.Part 191, Subpart A. Both 
analyses are detailed in Section 6.4.1. 

6.2.1.4.2 Analysis , of. Favorable Condition. 

Prevailing meteorological conditions such that any,radioactive -releases.to 
the atmosphere during repOiitory operation and cloiure:wouldbi 
tivelydispetsed, therebyreduoing,significantly the likelihood of 

• unacceptablieexposureteany member et the public in the vicinity of the 
repository.. 

Evaluation.  The analysis of atmospheric transport and diffusion, indicates that 
relatively high mixing 	and moderatawin4 speedaprevail in.the area of the site.:: 
Precipitation data are presented in_Section3.4.3.3.1i An analysisef.-$ years of meteorological 
data (Holzworth..:19.72, , FigUre. 58fLPP.110723) , founCapproximately193 episoderdaysAn the 
region of,thelite(Grand , Junction,-. Colorado),,or approximately 39 episode—days per.year. 
(Sectio:y3:4.3.1). - In addition, dispersion of emissions cam be hamperediby therarea's,H 
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terrain; local inversions can cause the air to be trapped in valleys. However, because of the 
influence of the rugged surrounding terrain on the micrometeorology of the site and the.poten-
tial for local inversions to trap emissions in valleys, a condition of favorability,cannot be 
found. 

The evidence indicates that the favorable condition is not present. 

6.2.1.4.3 Analysis of Potentially Adverse Conditions  

(1) Prevailing meteorological conditions such that radioactive emissions 
from repository operation or closure could be preferentially transported :  
toward localities in the vicinity of the repository with higher population 
densities than are the average for the region. 	' 

Evaluation. The average population density in.the region Li-3.8 persons per square mile 
(Section 6.2.1.2.2). The region lor which the population-exposure rate-.is calculated includes 
Utah and Colorado counties within a 80-kilometer (50-mile) radius-.of the site. .:The prevailing 
wind direction in the area is from the southwest (Section 3.4.3.4). -  Based upon a 22.5-'down =  
wind sector. and U.S. Geologic Survey 1:250,000 topographic,maps, the nearest populated local-
ity downwind of the site ls-Li:Sal - Junction,' at 31 kilometers (19 -miles); 1While : the. 
population at La Sal Junction is small and not officially enumerated, the DOE assumes that the 
population density exceeds that of the region and finds the potentially_adverse condition to 
be present. Since -theIntent:of this guideline is .to address the.prevailing wind,'..the 50 
percentvind direction sector used in the draft environmental assessment wasebandoned,int ,  
favor of this smaller section dimension. The presence of thii locality downwind'of the 
facility:is sufficient to find-the adverse condition present. Preliminary radiological 
analyses of emissions are presented In Section 6.4.1. 

The evidence indicates that the potentially adverse condition is prisent. 

(2) History of extreme weather phenomena--such as hurricanes, tornadoes, ' 
severe floods, or severe and frequent winter storms--that could signifi-
cantly affect repository operation or closure. 

Evaluation. The frequencies of extreme weather phenomena in the site-area are discussed 
in Section 3.4.3.3. Tornadoes are infrequent in Utah. Only 32 tornadoes were sighted in the 
entire State between 1953 and 1980. The 'recurrence interval for tornadoes at the site is 
about 13,000 years based on a 1-degree-square area surrounding the site. On the average, the 
site, area can expect thunderstorms about 45 days per year, hail 3- days per year, freezing rain: 
2 days per year, and heavy fog 10 days per year. Snowfall (2.54 centimeters (1.0 inch) or 
more) occurs 10 to 20 days per year in the site area. The repository will .be designed to 
allow safe operation•during these periods of extreme weather; however, some material shipments 
and work-force commutes could be disrupted. 

The evidence indicatesithat the potentially adverse condition is present. 

6.2.1.4.4 Analysis of Disqualifying Condition.! The meteorological guideline'has no dis-
qualifying condition. 

6.2.1.4.5 Conclusion for the Qualifying Condition. The requirements of the qualifying 
condition of this guideline are that the radionuclide releases to an unrestricted area are not 
likely to be greater than those allowable under the requirements of-10 CFR , 960.5-1(a)(1), or 
specifically, that releases and dispersion meet the requirements of the following:. 

• 10 CFR Part 20 
• 10 CFR Part 60 
• 40 CFR Part 191. 

An analysis was conducted for each. requirement. .  
The first evaluation (Section 6.4.1) shows that repository operation and closure will 

result in radionuclide concentrations of lea- the:1'6.0 percent of the 10 CFR Part 20 limits 
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for releases to the unrestricted. environment. Atmospheric dispersion can be expected , to 
lurther reduce concentrations before released radionuclides are transported to the 
environment. 

The second evaluation shows that the maximum exposed individual is expected to receive an 
annual dose of 1.8 millirem per year, from all. pathways (inhalation, submersion, and inger-
tion). This exposure is below the regulatory limit of 25 millirem per year. 

The severe weather conditions the site may 'sustain, including floOding, are deemed 
potentially adverse. . This is.not-perceived to be a significant problem, however. Facilities 
have been designed to mitigate the forces and conditions; involved. 

The meteorology at the site, even underinversion conditions, will effectively disperse 
radioactive concentrations to safe levels before leaving the site. Thus, population centers 
down wind from the facility will be, adequately protected (Section 6.4.1.4).. .  

The evidence does no support &finding that the site :is not likely to meet the 
qualifying condition (Level 

6.2.1.5 Offsiie.Installationuand Operations, Guideline 10 CFR 960.5-2-4 

The preclosure Technical Guideline on offsite installations and operations has , two 
objectives:: ( 1) to ensure that the impacts of any nearby , industrial, transportation, 
military, and atomic energy defense installations and operations on repository siting, con-
struction, operation, closure; and decommissioning are adequately considered; and (2) to 
ensure that any radionuclide emissions from such installations, when combined with preclosure 
emissions from the repository, would not lead to total radiological exposures in any 
unrestricted area greater than those allowed by the requirements specified in the pertinent 
System Guideline. 

This guideline includes a qualifying condition, one favorable condition, and two 
potentially adverse conditions for analysis. It also has one disqualifying condition. 

6.2.1.5.1 Statement of Qualifying Condition. 

The site shall be located such that present projected effects from nearby 
industrial, transportation, and military installations and operations, 
including atomic energy defense activities, (1) will not significantly 
affect repository siting, construction, operation, closure, or decommis-
sioning or can be accommodated by engineering measures, and (2) when con-
sidered together with emissions from repository operation and closure, 
will not be likely to lead to radionuclide releases to an unrestricted 
area greater than those allowable under the requirements specified in 
Section 960.5-1(a)(1). 

Evaluation process. This section discusses the process used to determine whether the 
qualifying_condition.cawbe met by: a repository at the Davis Canyon site. The.data , assump-
tions, and method of analysis used to derive the findings in subsequent sections'are described 
below. 

-;.1 	 . 	1 	• 	 . 
OffsiteJacilities or: operations are considered hazardous if.  .potential. accidents at an 

offsiteJocation might jeopardize, the safety of the,repository or its staff-(NRC, 1978,1 
Regulatory Guide 1.91). Examples of hazards that might be produced by accidents at offsite 
installations or operations are: 

• Shock Waves 
• Missiles 
• Incendiary Fragments 
• Flammable Vapor Clouds 
• Toxic Chemical Clouds. 
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Relevant Data. Data relevant to the evaluation of this guideline include (1) proximity 
of nearby hazardous facilities and operationi and identification of the type of hazards they 
could pose to a repository, and (2) proximity of and radioactive emissions from other nuclear 
facilities or operations near the site. 

Data are provided in Section 3.5 and in the comparative evaluation information base 
(ONWI, 1984) for the facilities or operations listed below which exist within 8:kilometers 
5 miles) of the potential repository operations area. For each entryi'the associated' 
potential hazard is indicated below. 

• Chemical plants (fire, - explosion, and toxic hazards) 
• Refineries (fire, explosion, and toxic hazards) 
• Mining and quarrying operations (explosion) ' 
• Oil end gas wells (explOsion and fire)  
• Gas and petroleum storage installations (fire,-explosion, and toxic hazard) 
• Military munitions - storage areas (explosion) 	7 
• Militarroperations,(explosion) 
• Airportu(aircraft crash and fire) 
• Transportation of hazardous materials by the following modes: 

- Waterway (explosion and toxic hazards) 
- Railroad (explosion and toxic hazards) • 
- Highway (explosion and toxic hazards) 
- Pipeline .(explosion) 
- Aircraft (crash). 

Existing nuclear facilities and operations are identified in the analysis of the 
favorable and adverse conditions. If the emissions are known they are also provided. 

Assumptions and Data Uncertainty. An underlying assumption of the evaluation is that the 
hazards identified by NRC (1978) in Regulatory Guide 1.70 for nuclear power plants are the 
same hazards that should be of concern for repositories. Further, the NRC and utility appli-
cants have performed analyses that are used to establish the repository's degree of vulnera-
bility to such hazards. The analysis assumes that repository facilities will be designed and 
constructed to the same standards of safety as for nuclear power plants (e.g., waste handling 2 
building will be tornado proof). 

The term "nearby" for evaluation of hazardous installations under this guideline is 
defined in the NRC (1975) Regulatory Guide 4.7 (for located nuclear facilities) as- being 
within an 8 kilometer (5-mile) radius of the site.. When assessing the potential for cumula-
tive radiological impacts of the repository combined with other nuclear facilities in the 
locality, an 80-kilometer (50-mile) radius from the repository was used (NRC, 1976, Regulatory 
Guide 4.2). 

Analysis..Analyses of explosive hazards, toxic hazards, airplane crashes, and radio-
active releases were performed as described below. If one or more hazards were identified,-a 
potentially adverse condition is present. 	 ' 

Explosive Hazards. The procedures adopted by NRC (1978) in Regulatory Guide 1.91 provide 
for the evaluation of safe standoff distances by comparison of explosive hazards to the 
equivalent hazard of TNT. For solid lubstances.not intended for. use as explosives but subject 
to accidental detonation,' the NRC states that it' is conservative' to assume that the solid 
material is equivalent to TNT on a mass basis (100 percent equivalency). 

The NRC further states that the maximum probable explosive cargo for a highway truck is 
22,680 kilograms (50,000 pounds), and for a railroad box car is 59,875 kilograms 
(132,000 pounds). Based on these TNT equivalents, a safe standoff distance 'from a public 
highway on which TNT may be transported is 610 meters (2,000 feet), and from a railroad is 
914 meters (3,000 feet). The overpressures at these distances would be below repository 
design levels. 
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Toxic Hazards. A determination was made as to whether any source• of toxic hazards.will 
be located within 8 kilometers (5 miles) of the repository site (NRC, 1975, Regulatory Guide 
4.7). ,If a source of toxic hazard exists.such as a rail line on which toxic chemicals like 
chlorine are carried, a potentially adverse condition is found.• It was determined that no 
source (e.g., chemical plant, refinery, or state highway) exists within 5 miles of the site. 

Airplane. Crashes. Three general subdivisions of airspace are considered. In the first, 
uncontrolled airspace, air traffic above the site is'so infrequent that the NRC does not con-
sider the risk to be sufficiently credible to warrant attention. In the second, the site , lies 
near controlled airways, and is subject to risk from in-flight crash rates for aircraft using 
the airways, the number of flights per year, the effective critical area:of the unit (square 
kilometers or miles), andthe inverse of the width of the airway. Using.TVA (Tennessee Valley 
Authority) (1976) data of 5 by 10 -10  crashes per mile, 10,000 flights per year, an effective 
critical area of 0.008 square kilometer (0.003 square mile), ,  and an'airway width of 14.8 
kilometers (9.2 miles), the annual probability would be 1.6 by. 10 -9  per year, or approximately 
1/100 of the NRC level for credible accidents,.. The third subdivision is takeoffs and 
landings, which require another methodology. Because the Davis Canyon site is not , within a 
takeoff or landing path (NOAH, 1984), this subdivision is not discussed further. 

Due to the lou probability of an in-flight crash, the risk to repository activities.is•
considered to be negligible and is not evaluated further. 

Radioactive Releases. If releases from nuclear facilities or operations nearest the site 
are regulated to 10 CFR. Part 20 standards and are greater than 80 kilometers (50 miles) from 
the repository, no calculation of emissions was made because any contributing releases would 
be negligible to zero. The analysis in Section 6.4.1 indicates that doses from the repository 
operations would be orders of magnitude below natural background• levels, and maximum indi-
vidual doses from accidental releases ,  would be 1/10,000 the dose that would be received by the 
same individual from natural background radiation at the same geographical location. 

In the analysis of favorable and edverse conditions, the dose from other facilities or 
operations within•80 kilometers,(50 miles) was added to the dose received from a repository 
direction without taking credit for the dispersion that will occur between the boundaries of 
the facilities. 

6.2.1.5.2 Analysis of Favorable Condition. 

Absence of contributing radioactive releases from other nucleai installa- 
tions and operations that must be considered under the requirements of 40 .  

CFR 191, Subpart A. .  

Evaluation. There are three uranium mills contributing to radioactive'te1eases within 
80 kilometers 50 miles) of. the Davis, Canyon site. The Moab Uranium Mill is located in Moab, 
approximately 53. kilometers (33 miles) northeast of the site. 'The. White Mesa Uranium Mill is 
8 kilometers (5 miles) south of Blanding, and 58 kilometers (36 miles) from the site, and the 
Lisbon Mill is located in the Lisbon Valley, approximately 48 kilometers (30 Miles) east of''' 
the site (Section 3.2.8.2). When operating, the radioactive releases from the Moab mill are 
such that: the maximum whole body dose, to which the nearest permanent resident (0.8 kilometer 
(0.5 mile] east of the mill) is exposed, is 2.0 millirem per' year (NRC, 1979 !  NUREG-0453, . 
p. 4-8) Releases from the White Mesa mill result in a maximum whole body dose, to'which 'the' 
nearest'permanent resident (1.9 kilometers - U.2 miles] north of the mill) is exposed, of 	) 
5.8 millirem per year (NRC, 1979, NUREG-0556, P. 4-12). These doses inclUde contributions • 

from radon-222 and its daughters. Releases from any One of these mills result in a maximum 
whole body dose of 6.3,millirems per ,year to.the nearest permanent resident (1.6 kilometeis 
mile] north of the.mill)(Rio Algom Corp.;:'1985): ,  While-this release is well below EPA 
standards, the presence of any one, of these mills is sufficient for.the favorable condition-'' 
not to be found. These radioactive releases must be considered under- the requirements of. 
40 CFR 191.  

The evidence indicates that the favorable condition is not present. 
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6.2.1.5.3 .Analysis of Potentially Adverse Conditions  

(1) The presence of nearby potentially hazardous installations or operations that 
could adversely affect repository operation or closure. 

Evaluation. No potentially hazardous installations or operations exist close to the 
site. 

There are no chemical plants, refineries, military munitions storage areas, or railroads 
within 8 kilometers (5 miles) of the site (ONWI, 1984). 	, 

No oil or gas wells or gas and petroleum installations.are located within '8 kilometers 
(5 miles) of the site (Section 3.2.8.1). 

The site is more than 56 kilometers (35 miles) from the airports in Blanding and the 
airport north of Moab (Section 3.5.3) and 29 kilometers (18 miles) from the San Juan County 
Airport at Monticello. The state highway nearest the site is located more than 8 kilometers 
(5 miles) away (Section 3.5.1). 

There are no known private or public airstrips within 8 kilometers (5 miles) of the Davis 
Canyon site. The airstrip at Canyonlands Resort is about 10 kilOmeters (6 miles) from the 
site. 

Because no sources of toxic , materials are known to exist within 8 kilometers (5 miles), 
it is expected that no toxic clouds would form that could threaten the safety of the site 
(ONWI, 1984). 

The evidence indicates thatthe potentially adverse condition is not present. 

(2) Presence of other nuclear installations and operations, subject to the 
requirements of 40 CFR Part 190 (EPA, 1982b) or 40 CFR 191, Subpart A, 
with actual or projected releases nearthe maximum value permissible under 
those standards. 

Evaluation. Three uranium mill sites occur within 80 kilometers (50 miles) of the site. 
Radioactive releases fromthe millt when operatingresult in a doSeAo the maximumexposed 
individual of:only 25 percent of that :permitted under the standards..1 

The evidence indicates that the potentially:adverse tonditionlis notpresent. 

6.2.1.5.4 Analysis of Disqualifying Condition. 

A site shall be. disqualified if atomic energy defense activities in proxi-
mity to the site are expected to conflict irreconcilably with repository 
siting, construction, operation,' closure, or decommissioning. 

Evaluation . - ..There are no 
(ONWI7791WiT7 

atomic energy defense facilities in proximity of the site 

The evidence does not support:a -finding that the site is disqualified (Level 1). '  

6.2.1.5.5 Conclusion for the Qualifying Condition. 

Evaluation. No potentialiy'adverse conditions related to offsite installations and 
operations at the site would detract from preclosure radiological safety. No nearby 	- 
industrial, transportation, or military installations or operations are so close to the site 
that they will significantly affect repository siting, construction, operation, closure, or 
decommitsioning. The nearest possible sources of emissions lie within 80 kilometers . 
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(50 miles) of the site, but it was shown that emissions from these sources i combined with any 
potential releases from the repository, would not result in releases to unrestricted areas 
greater than those allowed by_10 CFR Part 20, .10 CFR Part 60, and 40 CFR Part 191.t 

The evidence does not support a finding that the site is not likely to meet the 
qualifying condition (Level 3). 

6.2.1.6 Environmental Quality, Technical Guideline 10 CFR 960.5-2-5 

The objectives of the environmental quality guideline are to ensure that the quality of 
the environment will be adequately protected throughout all stages of the program, and that 
adverse impacts will be mitigated to an acceptable - degree; given programmatic, technical,= and 
other factors. This guideline addresses these issues by identifying thetwayrin which 	 - 
potential sites will qualify and be disqualified based on environmental criteria, and 
identifying• specific favorable-and potentially adverse conditions.- 

' 	 t 
This guideline' includes a qualifying condition, two favorable.conditions,_and six poten-

tially adverse conditions for analysis. It also has three disqualifying conditions. 

6.2.1.6.1 Statement. of Qualifying Condition 

The site shall be located such that (1) the quality of the environment in 
the affected area during this and future generations will be adequately 
protected during repository siting, construction, operation,.closure, and 

- fdecommissioning, and projected• environmental impacts in.the affected area - • 

can be mitigated to an acceptable degree, taking into account program-. 
matic, technical, social, economic, and environmental factors; and (2) the 
requirements specified in Section - 960.5-1(a)(2) can be met. 

Evaluation Process.  This section.discusses' the methods used to determine whether the 
qualifying condition can be met by a repository at the tmvis Canyon site. The data, assump-
tions and method of analysis used to reach the findings in subsequent sections are described 
below. A summary of this evaluation, along with summaries for socioeconomic and transporta-
tion guidelines, are presented in Table 6-2. 

Relevant Data.  Statutes and other regulatory requirements promulgated for the protection 
of the environment are integrals to evaluations of this guideline. Federal statutes, the State. 
statutes for which the Federal statute mandates compliance, Executive Orders, and implementing 
regulations that are potentially applicable to the DOE's activities at the proposed repository 
site, are listed in Table 6-3. The table also presents the purpose and intent of each 
authority, the requirements for compliance, the actions_taken or 'planned by the DOE to demon-
strate compliance, and the DOE's projected ability to comply with the regulatory requirements. 

Table 6-4 lists nonfederally derived State and local environmental requirements. The 
Department intends to comply with all State and local environmental requirements not incon-
sistent with our responsibilities under the NWPA. The DOE intends to consult with State and 
local officials; concerning sites that are recommended, to determine the scope of the above 
noted requirements and to identify other regulations as appropriate. 

The physical and environmental setting of the site is described ix Section 3.4. Descrip-
tions of the proposed activities associated with site characterization, repository construc-
tion, operation, closure, and decommissioning are presented:in Sections_ 4.1 and 5.1.. 1 .TM 
assessment of the environmental impacts of the proposed activities associated with site 
characterization and with repository construction; operation, closure, and decommissioning is 
presented in Sections 4.2'and 5.2. 	• 	* 

Table 6.3 summarizes thelpotentially.sighificant adverse -environmental - impaCts.iroM:sitei 
characterization - and repository construction; Table 6-3 alto summarizes - planned control =  
measures to be employed to minimize such impacts. The projected effectiveness of the control 
measures and the acceptability of any residual impacts are alio described. .Control measures 
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presented are representative of the types thatAlave been generally accepted and widely used 
for similar projects. Other 'control Imeasures. may be identified or required depending on the 
results of the ongoing analyses. Where this;!tabUlar. information summarizes presentations in • 
previous chapters, cross-references are provided. 

• 
Assumptions and Data Uncertainty.. The - environmental data used in these analyses are 

based on several site-specific, area,- and regional studies. In some cases, application of the 
data base to this site involves assumptions about the similarity of the site to the suriound-
ing region. These assumptions often:involve projections about the outcome of environmental: 
data gathering based on the - DOB's current understanding of area and regional information. 
Bounding and conservative assumptions of site conditions or project activities have been made 
where appropriate and are addressed in_Chapters 4 and 5. Information used in the analysis 
regarding regulatory requirementsis derived from legislative acts, executive orders, and 
attendant implementing regulations. -The analysis is thus a projection of expected compliance 
with referenced environmental kequirements. 

u  
Projected abilityj000mply with regulatory requirements assumes that complianCectivi- 

, 

ties can be completed (1) within normal -:: egulatory agency review time petiOds,Land,(2} without 
unusual information requirements by; regulatory !agencies. Ability to comPly.:Mith these 
requirements is:also:dependenton the UtiliZation of existing engineering techho/ogy and:: 
construction methods lo *Ohieve standard*OVenvironmental control which4re IMO:1dt in'the .  compliance projectionsi 	 - 	- 

Analysii. ;Theanelytis onnsideraltatutOty requirements, significant Sdverse impacts and 
their mitigation, and proximity of project activities to protected resources. 

The evaluation -of Projecteerability.t0 meet statutory requirements s based on an 
assessment of the degree to which the existing data and assumptions about the-use of available 
engineering technology and construction methods indicate an-ability :to comply with the sub-
stantive and procedural provisions of applicable statutes, orders, and regulations and the 
DOE's judgment as to itOrobabli ability:to_comply with the Overall tequiriMenti. ,Projected 
ability to comply with specific statutes iaindicateir(Table63), ,when it is likely, based on 
the assessnents i  that the 1090E-will be able :to Meet all requirements or that the` requirements 
are not applicable to theilltopOsed activities at the 	.4.:favotable'condition• exists if a 
projected ability to comPly,la'found. 	pOtentially advetie condition exists if Major con- 
flict with these requirements is projected.-  Table 6-4 lists hanfederallydetived;State 
statutes.  , 

1.1 

EnVironmental impacts of'site characterization activities ind.repositotyoonstrudtion, 
_ 

operation, decommissioningiand closure are present in Chapters 4 and 5.- Impacts that are i ' l . 
considered potentially significant and adverse are summarized in Table 67-5... Control measures 
that the project wiil:sse to mitigate impacts, and their projected effectiveness, are also i 
presented in Table 6-''5:. :.:  . . . 

In this analysisaVorable Oonditianjs present if potentially signifitaht ;vivaria 
environmental impacts'etn'be_mitigated to an insignificant level. A potentially:adverse con-
dition is present Wsuch160acts cannot be avoided or mitigated. A disquaiifyinecondition 
is present if such impaCts'cOuld not be mitigated to an acceptable degree or if theLluallty.of 
the environment;in theaffeited area coulernOt be adequately protected.  

Evaluations of the disqualifying conditions also include (1) assessing the location of • 
the site and repository suppOrt facilitiet0With respect to boundaries,oftcomponents rof the 
national and State park systems, wildlife refuges, wilderness preservation areas, forest land, 
and wild and scenic riversf and (2) assessing' whetherthe activities would constitute an 
irreconcilable conflict between the facilitieS and the•previously designated resource 
preservation use of such components. 



Materials Act of 1947, -  Tn_remove aommeWtypes of, 
30 USC Sections --601•sand, gravel; and stone from -
604 (43 CFR.Part • 	coverage of:minini,laws. 
3620) • 

to comply 
required • 

Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 

Compliance Demonstrated/' 
Actions Planned 

Projected Ability:to Meet 
Requirements- Authority 

	
Purpose - and Intent 
	

Requirements 

National Environmental 
Policy Act of 1969, 
42 USC Sections 4321 - 
4361 (NEPA) (40,CFR 
Part 1500) (as 
directed in Nuclear 
Waste Policy Act of 
1982 (NWPA)(42 USC 
Sections 10101  
at seq.) 

Toastablish i national 	• 
policy that wili,eacourage 
productive=end enjoyable 
harmony between people 
and their environment and 
to Promote effects. to prevent 
or , eliminate damage to the ,  

environment 	' • 

Coastal Barrier 
Resources Act, 
16 USC Sections 3501--  
3510 

To prohibit new Federal 
expenditures for coastruc- , ' 
tion of projects within the 
Coastal Barrier Resources 
System (CBRS), which consists '  

of uudeveloped coastal land 
along the Atlantic and Gulf 
Coasts and adjacent wetlands 
end inlets. 

• 

This Act. requires Federal 
agescies to 	_ the 

' mental impacts of 
major Federal actions sig-
nificantly affecting the-
quality of the human envi-
ronment. 
The NWPA establishes that 
site characterisation 
activities are preliminary 
actions that do not require 
an environmental , impact 
statement ($1S). Statutory', 
environmental assessment ■ 

are required for sitm,ammi. 
nation. ,An KIS is required 
few repository site recom-.4 
mandation. The URFA pro-
vides-that certain standard 
EIS contene requirements ' 
need not be included.. 

A free use permit isirequired a The DOS will determine 
from the Bureau-of..Land', 	the nead'for sand,. gravel, 
Mapagement.(SLM)..if the DOS 	 : 'etoae,.or other,commen 
plans to take sand,gravel i 	material in the development 
stone, or other common - 	of • potential repository: . , 
materials from SLM land.; - 	• The DOE will apply to BLIU 

•- 	. 	tor &permit to use sand, 7_ 
- graver, and other material 

if needed. 

The DOE must determine if - 	Proposed project activ 	 
project area or related' 

	
have been analysedagainst - 

activities are within the 	the requirements of this 
CARS. If so, site and 	_statute.. No activity related 
activities suet be abandon* 

	
to a repository in Davis Can- 
yon, including salt disposal; 
is proposed in areas 	 
by the Act. 

• The, DOE projects an ability . ta comply 
with BLK permit requirements,tor alto 
characterisation. and repository : 
phaiew and will ,provde BLM with any 
informatiou requested. 

• Act would mot apply to materials 
extracted from tboaitosonce*la°d. 
transfer from-the BLM to the DOE, is 
complete. 	■ 	, . 	- 

This Act is not applicable because no 
activities are proposed within coastal 
barriers (Section 3.1).. 

Land Use 

This document is the statutory The DOE. projects au ability 
BA under NWPA. The DOS. plans because it mill prepare. the 
to prepare an EIS in accord --. NEPA EIS. 
ante with NEPA as specified 
in NUM. Pursuant to NWPA, 
no NEPA.decument is required 
for site nomination;recomt 
aoudatian,:ar characterisa-
tion. ' 

' 	• 	• 



Should the DOE select ocean disposal 
of bale as a preferred method, ',Opt{ - 
able - regulations will-be 
including obtaining a permit. ;  

. . 
Act is not ipplicable beiauseao 
designated MUSA or potential : addition , 
to the system eziats'in.the Project._ 

Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
(Page 2 of 23) 

Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority 	 Purpose and Intent 	 Requirements 

	

Coastal Zone Manage- 	To ensure that any Tederal 

	

ment Act of 1972, 	project in the coastal zone 
16 USC Sections 1451- of a State, or directly 
1464 (15 CFR Part 930) affecting the coastal tone, 

is consistent with approved 
State management programs. 

• The DOE must determine if 
project activities are in, 
or could affect, the 
	1 sone of a State. 

• If the DOE determines that 
a coastal zone is affected, 
the DOE must determine if 
the State involved has a 
Coastal Zone Management 
Program (CZMP) approved by 
the Secretary of Commerce. 

• The DOE must review the 
State CZMP and consult with 
the State agency responsible 
for the cm, and perform a 
consistency determination. 

• The DOE must obtain concur-
rence from the State with 
the DOE's consistency deter-
mination for project to 
proceed. . 

• The DOE must initiate acti-
vities to determine if off-
shore disposal would be 
consistent with the approved 
State CZMP. 

The requirements of this 
statute have been analyzed 
against proposed project 
activities. No activity 
related to the repository 
including salt disposal will 
affect 	overed'by this 
Act. 

This Act is not applicable because no 
	1 resources will be affected 
(Section 3.1). Ocean dumping of excels 
alined salt is not a preferred method of 
disposal for the Davis Canyon site 
(Sections 4.2.1.11.3 and 5.2.10.3). 

• 

Marine Protection, 
Reiearch and Sanc-
tuaries Act of 1972, 
33 USC Sections 
1401-1444 (40 CFR 
Parts 220-228) 

.Wild and Scenic 
Rivers Act, 
16 .USC Sections 
1271-1287  

To regulate the dumping into 
ocean waters of all types of 
materials. 

If the DOE decides to dispose 
of salt -in the ocean, a per-
mit 

 

• The-DOE must determine0 
any rivers in the vicinity 
of the project area ars- --

_designated as a component 
of the NWSR system or a 
potential addition 	' 
system. 

• If the DOEfindi a NWSR in 
vicinity, it -must prepare 

--an impact evaluation._ .. 
• If impacts are direct and 

adverse, the DOE must 
advise the Secretary of 

: Interior and Congress._ 

The2DOEconsiders'the ocean 
disposal of waste7salt 
remote option.. 

Consultation with the U.S. 
Department of the:Interior 
(DOI) has determined that no 
designatedNWSR or potential 
addition to system (Allocated 
in the -project area.'fliki part 
of the Colorado River in 
Utah is designated as a wild 
and scenic river, - 
(Strait, 1984). 

-To prohibit construction on 
or directly affecting any 
river that is designated a 

_ component of the. National Wild 
end Scenic River_INWSR)...sys - 
tes.or.on any river designated 

— for addition to the system 
that 'would adverseli affect 
the values of RWSR system. 



toads p - structures, instal-
' litionsi itc. are pro-,  '" 

hibited indepigeated 
SialOrnOs'eFel4Ot:Wilder 
neasStudy'Areas (Wna). 
The z pOE.Oost avoid siting 
repository and repository 

▪ access within Wilderiels 
Areas, as well as within 

until Congress has 
a final determine-
whether to include 
permanently as Wilder-
Areas.- 	, 

Wilderness Act, 16 DSC 
Sections 1131-1136 
(Federal Land Policy 
and Management Act of 
1976,.41,DSC Section 
1782),(36 CFR 261.16 
and493.15; 43 CFR 
Parts 19, 3802, and 
8560; 50 CFR Part 35) 

Toestablisha National 	• 
Wilderness Preservation Sys-
tem for public recreational, 
sceiic, scientific, educe- 
tional,_conservation, and 
historical use. 	 • 

Mks 
made 
tion 

▪ them 
'41ess 

— , 

Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements . Authority 	 Purpose and Intent 	 :ReqUirenents 

The DOE projects an ability to comply 
because no facilities are located within 
designated, Wilderness Areas proposed 
wilderness areas, or USAs. Based on 
the analysis in Sections 4.2 and 5.2, 
it is anticipated that a portion of 
the proposedyildermess Area within 
Canyonlands National Park and the 
Bridger Jack Mesa Wilderness Study area 
will experience some project noise. 
However, mo activities are planned 

_that would impair the suitability of 
proposed wilderness areas or ISAs for 
preservation as wilderness. 

• No designated Wilderness 
Areas have been identified 
in the project - area. , Now 

 three BLMVSAs, one 
"V.S. Forest Service Wilder-, 
,pess Area,'end one National 
park gervice'(NPS) FroP osed 
Wilderness area Occur in 
the vicinity. The Dark ' 
Canyon Wilderness, adminis-
tered by B.S. forest Ser-
vice is 40 kilometers (25 
miles) northeast of the 
northeast of the site. 
Wien Creek USA, abutting -
Canyonlands National Park 
and west of Needles Overlook, 
and Butler Wash USA abutting 
the Needles District of 
Canyonlands National Park on 
the south, are 11 kilometers 
(7 miles) northwest and 10 
kilometers (6 miles) south-
east of the site respect-
ively. The Bridger Jack Mesa 
USA, which *butts Lavender 
Canyon on one side, is "5 kilo-
meters (3 miles) east of the 
Davis Canyon site (Section 
3.4.1) (Bill, 1980; 1982). 
The Wks are subject to 
protection under the 
Federal Land Policy and 

• Management Act. The pro-
poseeleedles unit in -  
Canyonlands National Park 

.exteids to the eastern 
' boundary of the park and is 

in close Proximik7  (0.3 km) 
to the projecearea (Parry, 
1985)'(Sectioe 3.4.1). 

5. 	• 



Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority - 

	
Purpose and Intent 
	

Requirements 

Objects Affecting 
Navigable Airspace, 
49 USC Section 1501 
(14 CFR Part 77) 

The DOE projects an ability to comply 
because submitting FAA forms -and fol-
lowing FAA specifications or design 
modifications will satisfy requirements. 

To prevent construction of 	• 
structures that would be a 
hazard to air navigation and 
regulate other structures 
that could affect air navi-
gation. 

The DOE must notify the Fed- o 
eral Aviation Administration 
(FAA), using FAA Form 7460-1, 
of (1) plans to construct 
any structure 61 meters 

-4200 •feet) or greater 
in height; (2) plans'- -- 

to construct any structure 
within a 100 to 1 slope at 
6,906 kilometers (20,000-
feet) distance (50 to 
1 slope at 31048 meters 	• 
(10,000 fee t] distance) ,  
of runway of public or mili-
tary airport; and (3) plans 
to construct any structure , 
within an instrument 
approach area. 
The DOE must comply with 
FAA's response to notifi-
cation, which may include 
lighting and marking *true- 
ture according to FAA speci -. 
fications. 

The.DOE has determined that 
FAA notification is neces-
sary because repository 
Shaft headframe will exceed 
61 a 000 ft) in height 
(Section5.1.1:3). No 
structure will be within 
6,096 m (20,000 ft) of a 
public'or military runway, 
or within instrument approach 
area (Section 3.5.3). • 
The DOE will submit FAA Fora' 
7460-1 notifying-FAA of 
plans to construct an 81 ir 
.(265 ft) service shaft 
headframe and comply 
with, any FAA instructions 
Or request for additiOnal 
information-or submittals., 

Federal Land Policy 
and Management Act 
of 1976, 43 USC 
Sections 1701-1782 
(36 CFR Part 251; 
43 CFR Parts 2300 
and 2800) 

• To authorize and establish 
procedures for Federal 
Departments and Agencies 
to use, occupy, and develop 
Federal lands, including 
public lands administered 
by the Department of Interior 
(DOI), and ELM and Forest 
Service lands administered by 
the _Department of Agriculture. 
These mechanisms are rights - 
of -way, withdrawals, and 
cooperative agreements. 

• If site characterisation 
occurs an DOI orWLM man-
agedTlanda, the DOE Secre-
tary lay negotiate and exe-
cute a cooperative agree-
Meat with the Department of 
the- Interior and apply for 
required rights-of-way; 
Tha.00E must follow with-
idraval'proceduresto protect 
the land.' These procedures 
includes preapplication 
consultation with theTSLM, 
submission of application, 
and preparation of resource 
!management plan and imple-
mentation plan. The Secre-
tary of Interior can author-
ize withdrawals up to 
20 years. Withdrawals of 
5,000 or more acres are 
subject to Congressional 
review. In conducting the 

Portions of the project are 
located on ELM land (ELM 
1982). There is no O.S. 
Forest Service land in the 
area (Butt, 1985) 
(Section 3.4.1). 
The DOE has a Memorandum of 
Understanding (ELM, 1984) 
with the ELM whereby the 
ELM agrees to the use of a 
cooperative agreement for 
site characterisation studies. 
The DOE wiliexecUte a 
cooperative agreement with Is 
the ELM. ,To protect the 
potential site the DOE will 
consult with the ELM, prepare 
or assist in preparing a 
resource management plan and 
implementation program, and 
will file an administrative 
withdrawal application. The 
DOE will comply with its 

• 

The DOE projects an ability to comply 
for site characterization because 
impacts have been evaluated herein, 
including impacts to protected lands 
such as WSaa and Canyonlands National 
Park (Sections 4.2, 5.2, 5.3), and 
because the DOE will enter into a 
cooperative agreement with ELM for 
authorization to conduct site 
characterization activities and 
withdraw land for protection 
(according to Memorandum of Under-
standing between the DOE and the ELM). 
This Act does not apply to the perma-
nent transfer of land to the DOE for 
the repository; such a transfer must 
be approved by Congress. 



Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority Purpose and Intent Requirements 

internal order, regarding 
real property acquisition. 
If:repository site will be . 
located on DOI or UM .- 
managed lands, ! the DOE . 
will pursue Congressional 
approval. . 

federal Land Policy and 
Management Act 
(Continued) 

Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
• - 	- --(Page 5 of 23) 

withdrawal activities, the 
DOE•must comply with its 
internal'procedural require-
ments set.forth , in DOE ,. 
Real.Estate (Real Property) 
Management' Order 
(DOE 4100.1A). 

.0 If forest Service land is 
iavolred, rights -of7way 
may be required. : 

• If the repository were to 
be on DO/ or Unmanaged 
lands, an Act of Congress_ 
will be required for 
perianent withdratial or 

 PUMA- 
will not be-applicable. 

• - 	- 
Taylor Crazing Act, 

43 CSC Sections 315-
3160. (43 CFA 
Part 4100) 

To create, protect and regu-
late federal grazing dis-, 
tricts, and to provide for the 
orderly use and development 
of rangeland. 

If repository site or access 
is located on a UM designa-
ted grazing allotment, the 
DOE oust secure right-of-way 
or withdrawal of grazing 
district land Irou,the SLM in 
accordance with TLPMA: , 

Candidate repository site and 
access corridors are located 
on SLM land (SLM, 1982) 
.(Section 3.4.1). Site is 
within UM-Moab designated 
grazing allotments (Iodine, 
1985). The DOE.vill 
for right -of -way or seek 
withdrawal .ander thee r iederal 
Land,Policy'end Management '  
Act.' 

The -  DOEprojects an ability to comply . 
because it will request withdrawal of 
site land within the grazing allotment, 
and because it will comply with pro-
cedural requirements of this Act and 
provide SIM with any information re-
quested 

 
 (Section 3.4.1.3.1). 

This Act is not applicable because no 
designated or potential Rational Trails 
`exist in the project area. 

Rational Trails System To establish and protect 	If Ai Rational Trail is loca- 
Act, 16 USC 	Rational Recreation, Rational ted within the project area, 
Sections 1241-1251 	Scenic, and Rational Sistocic the DOE musttdetermine if the 

Trails. 	project would be incompatible 
with the Purposes of the 
trail. Relocation of a trail ,  
may be possible if repository 
characterization, construc-
tion, or operation is found 
to be incompatible with the 
purposes.of the trail; sub-
stantial relocation requires 
an Act of Congress. , 

! 	, 

Consultation with the DOI and 
review of published lists of 
National Trails has deter- -  
mined that no Rational Trails 
exist is the project area • 
(Strait, 1984; PIPS, 1984; 
APS, 1983).' The Old Spanish 
Trail is not -a designated or 
potential National Trail 

	

(Strait, 1984). 	. 



The DOE has determined that 
no National Forest System 
land occurs in project area 
(Butt, 1985) (Section 3.4.1) 
The Manti-La Sal National 
Forest 16'10.4 kilometers 
(9 sales) south of the site. 

• 

Statutes are not applicable because no 
National Forest land occurs in the 
project area. 
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Compliance Demonstreted/ 
	

Projected Ability to Meet 
Authority 	Purpose and Intent 

	
Requirements 	Actions Planned 

	
Requirements 

National F 	 Organic 
Legislation, 16 CSC 
Section 471a at seq.; 
Multiple-Use 
Sustained -yield 
Act of 1960, 16 USC 
Sections 528-531; 
Forest and. Rangeland 
Renewable Resources 
Planning and Research 
Acts, National Forest 
Management Act, and 
Renewable Resources 
Extension Act, 16 USC 
Sections 1600-1676 
(36 CFR Part 261) 

To protect and improve 	e The DOE must obtain Con- 
National Forests, which are ' gtestional approval for 
established for outdoor 	withdrawalor.tiansfer of 
	ion, range, timber, 	National T 	 land for 
watershed, and fish and wild- 	DOE use as repotitory site.' 
life purposes. 	e Acacia roads on National 

Forest land must be built 
in accordance with require-
ments defined by the 
Department of Agriculture. 

' Permanent roads must be 
•approved is part of National 
Forest Transportation 
System. A special use 
permit may be required 
for site characterisation 
activities. 

Organic Act of the 
National Park Service, 
16 USC Section 1; 
National Park Systea 
Mining Regulation Act, 
16 DSC Sections 1901- 
1912 (36 cm Part 9) 

This Act is not applicable because 	. 
the restricted area or repository . ..: 
support4acilities will not lie 
within a National Park and any '-t 
expected impacts to'Canyonlands 
National Part will be Mitigated 
to an acceptable level ,(Sections 
4:2 and 5.2).". 	' 

Farmland Protection 
Policy Act, 7 DSC 
Sections 4201-4209 
(7 CFI Part 658) 

• 

To preserve National Parks 
and to leave them unimpaired 
for future generations with 
special emphasis on halting 
or regulating - wining so as 
to prevent or minimise dam-
age to the environmental 
resources. 

To ainimise the extent to 
which Federal programa con-
tribute to the unnecessar y  
and irreversible  ion 
of farmland'to nonagricul-
tural uses. 

• The DOE should not locate 
the restricted area or 
tepository .support facts 
ities on land within a 
Rational Park. 

The DOE:must%compleie first 
part of Soil Conservation 
Service (SCS) Fore AD1006 
and submit to SCS. 
If SCS determine' that 	. 
prime_farmland exists on 
site, the DOE nest complete 
44ite ss s ss sment using --  
criteria:set forth in 7 CFR 
Part 658 or'State criteria 
where they exist. 

The DOE has determined that 
the candidate repository site 
and support facilities do not 
lie within a National Park  
(Sections 3.4.1; 4.1.2.1). 
the nearest.approach of the 
controlled area boundary is 
0.3 ka (0.2 mi) from the 
Canyonlands National Park 
boundary (Canyonlands NatiOnal 
Park Act 16 SSC Section 271- 
271g). 4he'potential impact 
to the park is assessed  in 
Sections 4.4.1 and 5.5.1 
using the park values 
described in l6 USC 
Section 271. 

The'DOE has completed first 
part of Form AD1006 and sub-
'lifted it to SCS.-  SCS has 
determined that there are no 
prime or 'unique 'soils in the 
project area (Molt, 1985). 

This Act is not applicable because so 
prime or unique farmland soils exist in 
the project area. 



Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
(Parse 7 of 23) 

Compliance Demonstrated/ 	Projected Ability to Meet 
Authority 
	

Purpose and Intent 
	

Requirements 
	

Actions Planned 	Requirements 
. 	: 

Farmland Protection 
Policy Act (Cont.) 

• If a final threshold score.. 
is exceeded, the DOE must 
consider mitigating measures 
•to protect the prime farm- . 
land and insure, to extent - 

. practicable. project compat-
ibility with State and local 
programs and policies. 

• The DOE has determined that • The DOE projects the ability to comply 
a portion of candidate 
repository site is within a 
100-year floodplain (Weddell, 
1984) (Section 3.3.1.4). 

• A description of the poten-
tial impacts to floodplains 
is including in 
Section 4.2.1.2.4. 

• Preliminary determination 
has been made that no wet-
lands exist on the candidate 
repository site but may 
exist within repository road, 
and railroad access routes 
(Johnson. 1985) (Section 
3.4.2.2). 	• The DOE projects an ability to comply 

• A Federal Register notice 	with wetlands requirements, because 
findings. 	of the DOE's proposed flood- no wetlands exist =site and wetlands 

• The DOE actions in floodplaine plain/wetlands assessment 	can be avoided, or impacts on them 
must be designed to minimize giving the opportunity for 	mitigated, through careful siting of 
harm to floodplains. 	public comment will be pub- 	repository road and railroad 

• Construction in a floodplain itched should the site be 	alignments. 
rust be in accordance with 	recommended for characterize- 
Federal Insurance Admini- 	tion. 

Fleedplain/Wetlande 
Executive Orders, 
E.O. 11988 and 
E.O. 11990 
(10 CFR Part 1022) 

To require Federal agencies 
to implement regulations that 
viii protect wetlands and min-
imise effects from development 
in floodplains. The DOE 
implementing regulations are 
contained in 10 CFR Part 1022. 

• The DOE must determine if 
wetlands or floodplains 
occur in project area. If 
floodplains or wetlands are 
found to occur in protect 
area, the DOE must publish 
notice in Federal Register, 
notify Federal, State, and 
local agencies of proposed 
action, prepare an assess-
vent of proposed action 
(floodplain/wetlands,essess-
sent), which includes 
•alternative measures eo, 
minimize impacts if the 
project proceeds in the 
floodplain/wetlands. and 
publish a'statement of'" 

with its requirements under 10 CFR 
Part 1022 because "DOE has reeval-
uated the practicability of the pro-
posed floodplains/wetlands actions 
taking into account public comments 
received. and will continue to 
evaluate practicable alternatives 
with applicable agency representa-
tives. DOE has taken into account -
mitigating measures and has designed.' 
the proposed floodplain actions to *; 
minimize potential harm to or withii 
the floodplain. No ,State and local.. 
applicable floodplain standards 
exist. 

strati= regulations. 
,s The DOE shouldavoid con- . 	. 

struction in a wetland 
unless there is no prac-
tical alternative.. 

• The DOE will publish a state- 
. vent of findings subsequent 

to the public comment period. 
Section 4.2.1.2.4 provides a 
description of existing wet-
lands and floodplains, pro-
posed actions, an assessment 
of impacts, and a discussion 
of alternatives and mitiga-
tive measures. -  

Department of Transpor- 
tation Acts, 49 USC 
Section 303, 23 USC 

Section 138. 

To preserve the natural beauty The Secretary of Transports- Although the Acts do not 
of the countryside- public 	tion may only approve a trans- impose any requirements 
parks, recreation lands, wild- portation project requiring 	directly on the DOE. the DOE 

life and waterfowl refuges, 	the use of publicly owned 	will consult with the De- 

The DOE projects an ability to comply 
because it will consult with the 
Department of Transportation and con-
sider alternatives and mitigation. 



To impose notification re-
quirements and liability for 
unpermitted releases of has-
erdons substances, and to ' 
establish a fund for remedial 
use in case of release of 
hazardous substances. 

The U.S.-Environmental Protec-
tion Agency (EPA) must be 
notified in event of a report-
able release of a designated 
hazardous material. 

Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 
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Compliance Demonstrated/ . 
Actions Planned 

Projected Ability to Meet 
Requirements Authority 	Purpose and Intent 

	
Requirements 

Department of 
Transportation Acts 
(Continued) 

waterfowl refuge of  signifi-
cance or the use of land con-
taining an historic site of 

::significance if there is no 
prudent and feasible alter-
native and mitigation plan-
fling is inCluded.  

of these Acts to plans 
for upgrading Federal roads 
or Federal-aid highways and 
for constructing a bridge 
across the Colorado River. 

Waste Disposal  

Comprehensive Envi-
ronmental 'espouse, 
Compensation, and 
Liability Act of 
1980 (CERCLA), 42 USC 
Sections 9601-9657 

Hazardous Materials 
Transportation Act, 
49 USC Sections 1801 - 
1812 (49 CFR Parts 
171-178) 

Solid Waste Disposal 
Act, as amended by 
the Resource Conser-
vation and Recovery 
Act of 1976 (RCRA) 
and the Hazardous 
and Solid Waste 
Amendments of 1984, 
42 USC Sections 6901- 
6987 (40 CFR Parts 
124, 240, 241, and 
243-247, 260, 261, 
262, 264, 266, 270, 
271, 280; 140. 12088) 

To give additional regulatory 
and enforcement authorities 
to the Secretary of Trans-
portation to protect the 
nation from risks of trans-
porting hazardous materials. 

This Act contains two major 
regulatory programs. The 
Hazardous Waste Program pre-
scribes a system of using 
manifests,-reporting, stand-
ards, and permits to achieve 
controls on hazardous mate
vials from generation to final 
disposal. These requirements 
apply to generators and trans-.  
Po 	f hazardous waste 
and owners and operators of . 
hazardous waste storage, 

Regulations define packaging, 
labeling, handling, document-
ing, and transporting require - 
aents'for hazardous materials, 
including' notification pro-
cedures in the event of'a 
spill. ' 

e The'DCM must comply with all 
State, interstate and local 
requirements relating'to the 
disposal, _management, reels- 

. .mation, recycling, or reuse 
of solid or.kazardous 
*metes,-  

• The DOE must classify proj-
ect waste,as hazardous or 
nonhaiardoMs solid waste. 

• Cenerators and transporters 
of hazardous waste must 
comply with EPA and U.S. 

Small quantities of gener-
ated hazardous wastes (e.g., 
used motor oil, solvents,. 
cleaners) will be collected 
and transported to an offsite 
facility licensed to receive 
such wastes. The DOE will 
comply with all notification 
requirements. 

The DOE will comply with the 
requirements of this Act for 
the transportation of any 
hazardous waste during site 
characterisation or repository 
operation and for the trans-
portation of high-level 
nuclear waste during reposi-
tory operation. 

Under provisions in &CIA, 
Utah was granted final auth-
orization by. the EPA to man-
age its own hazardous and 
solid waste program, not 
including the 1984 amend-
ments. All activities 
Associated with hazardous 
and solid waste. management 
are handled by the Utah, 
Hazardous Wastes Committee. 
The DOE will consult with 
the Hazardous Wastes Committee 

The DOE projects the ability to 'comply 
because the DOE will comply With all 
notification requirenents:in the 
event of an accidental release: 

The DOE projects an ability to comply 
because all materials will be handled in 
accordance with DOT regulations regard-:: 
ing the transportation of hazardous and -  
radioactive materials. 

The DOE projects an ability to comply 
with this Act based on (1) the type and 
quantity of waste expected to be generilE 
ted (Sections 4.1.2.4.6, 4.1.2.6, 
5.1.3.5, and 5.4.3.6) (PR/PB -KED, 1984), 
and (2) the DOE's plan to use licensed 
transporters and disposal facilities for-
any waste that may be generated. (See ' 
Utah Solid and Hazardous Waste Act 
below.) 



Solid Waste Disposal 
Act (Continued) 

treatment, and disposal facil-
ities, as well as owners of 
underground storage tanks. 
The reuse, reclamation, and 
recycling of hazardous waste 
also is subject to this regu-
latory program. The second 
major program requires each 
State to prepare .a Solid 
Waste Management Plan to pro-
hibit mew open dumps, and can 
require upgrading or closing 
of all existing open dumps. 
Federal guidelines for solid 
waste collection, transport, 
separation, recovery, and 
disposal practices in systems 
have been promulgated. 

O 
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:Authority ----- -Purpose and Intent - 	 Requirements 
Compliance Demonstrated/- 
-.-- Actions Planned - 

Projected Ability to Meet 
- Requirements 

Department of Transporta- 	and the Departnent of Health 
tion (DOT) manifesting, ' 	in complying-with hazirdouvand 

:record keeping, reporting, solid waste laws.. (See Utah  
packaging, labeling, and Solid and Hazardous Waste. Act 
placarding regulations.  

• All shipments of hazardous 
waste are subject to a 
manifest tracking system. 

• Until a State program is 
approved, the DOE must com- 
ply with'both State and 
Federal-requirements. 

• Facilities that treat, 
store, dispose, recycle, 
reclaim, or reuse hazard-
ous waste must obtain per-
mits. Jew facilities can-
not operate until a permit 
has beei issued by EPA or 
authorized state agency. 

• Nonhazardous wastes are , 
regulated under applicable 
State, local, and regional 
solid waste plans. 

• Underground storage tanks are 
regulated by EPA under the 
1984 ammendments. 

• Underground storage tanks 
are regulated by the - 
EPA under the 1984 
Amendments. 

• Requires approval of hazard-
ous waste operation plan 
for a facility.that will 
store, treat,or dispose 
of hazardous' waste: The 
requirenents of the State 
agency parallel thoie listed 
above under the Solid Waste 
Disposal Aet•es amended. 

• Requires compliance with ' 
-State manifest standards. 

• The Department ofllealth 
may issue an order requir-
ing immediate abatement of 
a hazardous waste, PCB, 
.dioxin, or asbestos spill. 

Solid and Hazardous 
	

To set forth responsibilities 
Waste Act, Utah Code of the Solid and Hazardous 
Ann. Sections 26-14-1• Wastes Committee, which has 
to 26-14-16; Hazard-  overall responsibility of the 
ous Waste Facility 

	
State's solid and hazardous 

Siting Act, Utah Code waste programs. 
Ann. Sections 
26-14a-1 to 26-14a-9 The Hazardous Waste Facility 
(Utah Solid Waste 

	
Siting Act establishes 

Disposal Regulations criteria for the siting of 
and Utah Hazardous 	new hazardous waste treatment, 
Waste Management 

	
storage, and disposal , 

Regulations) , 	facilities. 

Subject to the powers and ' 
rules of the Utah Department 
of Health, local governments 
are authorized to supervise 

-end regulate the collection, 
transportation, and disposi- 

• 
• The DOE will prepare appro-

priate manifest documents 
for any hazardous wastes it 
generates. 

• The DOE has made projected 
classification of wastes 

- expected to be generated by 
site characterization and 
repository construction and 
operation.', These wastes are 
primarily aonhazardous and 
includet sewage treatment 
Sludge, combustible solids 
such as paper and cartons, 
excavated solids including 
drill cuttings and salts, 
freshwater and brine drill-
ing fluids (Sections 
4.1.2.4.6 and 5.4.3.6). 

• The DOE has determined that 

The DOE projects an ability to comply; 
with this Act based on (1) the type and 
quantity of waste expected to be gener-
ated (Sections 4.2.1.4.6 and 5.4.3.6) 
(PS/PR-EBB, 1984), and (2) the DOE's 
plan to use licensed transporters and 
licensed offsite disposal facilities 
for any waste that may be generated. 
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Authority Purpose and Intent , • .Requirements 
Compliance Demonstrated/ 

.Actions Planned 
Projected Ability to Meet 

Requirements ..  

Solid and Hazardous., 	tion of solid waste within 
Waste Act 	: 	their jurisdictions._ ,. 
(Continued) 	'• T. 

• Requires the development of 
a State siting-plan for 
hazardous waste,. disposal 
facilitici., I- 

• Seven sites'have been iden-
tified as.ezipting or pro-
posed sites under the plan. 

• This Let does not restrict, 
development of.sites .not .  
included ie the alan;:it 
exeupts'pitee .  included in 
the plan from compliance .  
with local,soning,and land-
use ordinances u andlimite7. • 
the,liability,of owners. 

• Solid wastes , may : be disposed 
of only at a site that has 
been so designatid by the 
local government and 
approved by.the .Department': 
of Health. 

• Ho solid waste'disposal site 
may be constructed or-oper-
ated without the approval of 
the Department of Realth. 

• 

licensed disposal,facilities. 
for both hazardous season-
hazardous waste are avail 
able (Section 4.1.2.6.6)._ ,  
Hazardous waste sites identi- 
fied under the Hazardous Waste 
Facility Siting Act will be 
considered. 
The DOE plans to use 
available landfills, for 
nonhazardous wastes 
from site characterise:. 
tion. _ . 	. , 
The DOE will make flail .  
decisionsregarding dis- 
posal of . ezcess,ealt from .. 
the. repository later from 
a number of feasible alter-, 
natives (fection 5.1). 
Disposal of hazardous wastes, 
if any,lcill be is a-licensed 
facility that exists at the 
time the wastes are . generated. 
A currently licenied facility , 
exists. west of pals Lake' , 
City, Utah vabout 563 kilom-
eters - (350 riles) fron.the 
site. 
If any potentially hazardous 
waste-is actually generated, 
the DOE will conduct chem-
ical analyses to confirm its 
composition and, support its, 
classification as hazardous 
or nonhazardous. _ - 
DOE will comply with manifest 
requirements for any hazardous . 
wastes generated.,:. 
Expected hazardous waste's , 
are oils and solventi from 
maintenance operations. 
These will be stored in drums 
prior to disposal, recovery, 
or processing. 



e sThe DOS will continue con-
multation withthe Fish and 
Wildlife tervicelFWO' • • 

r mbout.potential impacts -of 
,:project  ,activities to.fish 
_and,wildlife habitat and 
.diseUss,the needforMiti 
,,gative measure!. 
e'Cooaultationmith rws,ildi4 
•.sates that,taptors are of 	sedimentation in streams. 

majoreoncern,endtherefore 
,„npproprittemitigationor 

compensation measures mould 
. be' ncorporaied in_the project 

plan and implelented, -  
• lhe:DOE mill consult with the 

,State.Wildlife Agency regard-
ing potential impacts of 
;abject activities. 

the DOE projects an ability to comply 
because appropriate mitigation measures 
will be identified and-implemented in 
consultation with FVS and Utah Division 
of Wildlife Resources. Mitigation 
measures may include moving planned 
activities, timing activities to avoid 
nesting and breeding periods, and 
controlling project runoff to avoid 
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Compliance "Demonstrated, -  • - 	Projected Ability to Meet -- • 
Authority 	 Purpose and Intent 

	 Requirements 	 Actions Planned 	 Requirements 

Ecology and Wildlife Protection 

Migratory Sird Treaty 
Act, - as amended, 
16 USC Sections 703 - 
711 (50 CPR 10.13) • 

To prohibit killing, captur-
ing, transporting, etc., 
protected migratory birds, 
their nests, and their eggs. 

Project activities must avoid 
harm (including indirect 
effects) to migratory birds, 
their nests and eggs. 

,:  

Con- , 
saltation with YWS and State 
agencies are encouraged. 

',The DOE has consulted with 
the Pith and Wildlife Ser- 

;mice (FWS) and will 'maid 
, activities at the site 

being 'used for breeding` 
and nesting.bpsaigratory 
.birds] in thisAsse, raptors 
(Malone, 1985). Avoidance, 
4011 be .by relocating or 

::rescheduling ;be,activities. 

The DOE projects an ability to comply 
because it will continue to consult with 
TWS migratory bird specialists concern-
ing loiating and mitigating impacts to 
migratory birds. 

laid and Colden Eagle 	To prohibit possessing, 
Protection Act, 	killing, transporting, 
16 USC Sections 668- disturbing, etc., bald and 
668d (50 CFR Part 22), golden eagles, their , nests, 

or eggs. 

• Act applies to projects 
involving the modification, 
control, or impoundment of 
e body.of,mater (for 

..impoundments,,surface area 
must be 4 ,hectares 

 
(10' 

.. acres! or more): 
4 If-these conditions are 
..presint,the DOE-must con-
,mult:with State and federal 
:Imiidlife agencies to deter- 

mine measuresphat,pretent, 
..mitigate,mr'compensatmfor 
lossemod wildlife resources 
dueto project activities. 

e The,D08must telly consider 
r  reports and recommendations 
,,Irommilillife agencies, 

including DOE and State 
. agencies, and include men- . 

s 	. hat compensatelor 
,•losies,of wildlife resources 

in prOjectltlan. 
.  „ 

project activities must avoid 4 Bald eagles occur,in the 
negative impacts (including 	, area particularly along the 
indirect,effects)•o bald and 	.drainages of the Colorado 
golden eagle., their nests 	: miver. Wu known nesting or 
and eggs. If a golden eagle 	roosting areas are located 
nest is found and must be 	" on or near -the project 
moved, the Secretary of Tote- 	area (Cornman, 1983; 
rior may permit relocation 	. Radant,.1983). 
of nests if they interfere 	• Colden eagles occur and 

-With resource development 'Or - -- best in the project'arem 
recovery plans. 	 but nesting habitat is 

absent on the site 
.(Cornman,,1983; 

Fah and Wildlife 
Coordination Act, 
16 USC Sections 661-,  
666c 

To mandate that•ildlife 	. 
conservation receive equal 
consideration with proposed 
projects that affect bodies 
of water. 

The DOE projects it can comply with the 
requirements of this Act because the DOE 
will implement appropriate mitigative 
measures, in consultation with PUS and 
the Utah Division of Wildlife Resources. 
Mitigation measures may include moving 
planned activities,„timing activities to 
avoid nesting and breeding periods, etc. 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority 	 Purpose and Intent 	 Requirementi 

bald and Golden Eagle 
Protection Act 
(Continued) 

0% 
 ■ ,1  

14 

National Wildlife 
Refuge Systea` 
Administration Act 
of 1966, 16 USC 
Sections 668dd-
668ee (50 CFR 
Parts 25, 27, 
28, and 29) 

Endangered Species Act. 
of 1973, 16 DSC 
Sections 1531-1543 
(50 CFR Sections 
17.11, 17.12, 17.94,' 
17.95, 17.96; 50 CFR 
Parts 222,7226, 227 
402, 424, 450, 451, 
452, and 453) 

To estiblish the National 
Wildlife Refuge System by 
consolidating authority over 
fish and wildlife conserva-
tion areas under the Secretary 
of Interior, Fish and Wildlife 
Service. 

To prohibit Federal agencies 
from taking any action that 

Amid jeopardise the exist-
ence of endangered or threat-, 
ened species or destroy 
critical habitat. 

Project activities - must not 
conflict'with the protection '  
and conservation purposes for 
which the areas.were estab-
lished. 

• The DOE must determine if 
any listed endangered or 
threatened species Or - • 
their habitat will be 
affected ty.project -
activities.: !, 

• If a listed species or 
habitat may be affected -- 
by the project, the DOE --  

indent, 1983). Borehole 
drilling south of Newspaper 
Rock State Historical Monu-
ment -0411,bn approximately 
1 • kilometer (0.6 Mile) from 
a -golden -*isle nest 
(Section 4.2.1.2).  

• The locationi of .bald'and 
golden eagles will be con-
firmed during routine bio-
logicaLeurveys Wall „ 
activitiy 

• The DOE-will continuecon7 .  
sultatioo with-the Yishind 
Wildlife Service:about 
appropriate mitigative  
measures. for bald or:golden 
eagles that sight'be:poten-
tially affected , ty.project 
activities: .   

The Davis Canyon project area 
is totAocited on existing-or 
proposed National Wildlife 
Refuge `:  ystem land (Youog,- 
1985a). Ouray National:Wild - 
life Refuge is the:closest 
refuge, located approximately 
249 kilometers (155;miles) 
from the site (Toung, • 19850: 

• The FWS has indicated that 
the following listed spe 
cies may occur in the proj-
ect.areas the Colorado ,  
squawfish, humpback chub, ' 
bonytail chub, American 
peregrine falcon, bald 
eagle, and black-footed 
ferret (11olwahnni1984). 

47. This' 	is statute , ftot apiIitablelbeca use - 
, 

existing-or - propoted lind*ithinAhe 
National Wildlife Refuge System is not 
close enough to be impacted. 

The DOE projects an ability to comply 
because actions will be taken in consul7 
tation with FWS to preserve - the con -'- 
tinned existence of listed or proposed 
spedies. The DOE is committed to meet 
all regulatory requirements of this act. 
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Projected Ability to Meet 
Authority 	Purpose and Intent 

	
Requirements 
	

Actions Planned 
	

Requirements 

Endangered Species Act 
• -of 1973 
•(continued) 

.must provide a written 	4 Six eandidate Species May 
..d(request for consultation.occur in the project area 

, 	r: 
 

to Regional -Director, 	- (Bolwahnn, 1984). 
i.Fish , and Wildlife Service 	-o There are - no proposed 

. :(FWS), , and'follom the FRS 	species or designated 
;procedures. An agency 	4ritical habitat in-the 
cannot endanger,a protected -project area (bolwahnn, . 
ppecies. 	.1984). 	. . 

Al A site-survey will be ., 
conducted in cooperation 
with FWS endangered:: 
species specialist"to 
-determine whether'such ,. 
species ire present, -  The 

11  need 	''biologica l  ifor a  
	anent  will then be 

— determined. • - - 

Cr 

4••• 

r Wild, Free-Roaming 
Norses'and Burros 
Act, as amended, 16 
USC Sections 1331 - 
1340 (43 CFR Part 
4700) 

Sikes Act, 16 USC 
Sections 670a et 
seq- 

To develop conservation and 
and rehabilitation programs 
involving the protection and 
enhancement of wildlife, fish, 
and game resources on certain 
federal lands. 

The Secretary of the Interior 
is responsible for develop-
ing, with prior approval of 
DOE, comprehensive plans for 
conservation and rehabilita-
tion programs to be imple-
mented on DOE land. State 
agencies may enter into 
cooperative-agreements with 
DOI and DOE with_respect to 
such conservation and 
rehabilitation programs. 

Wild horses and turrOi-under 
the jurisdiction of the BIM 
and-the U.S. Forest Service 
'do'not-necur at the proposed 
site win the-project area. 
The closest herd administered 
by the 11124.1s the Robbers 
:Roost band located east of 
Alanksville, Utah. The 
:closest:berdadninistered,by 
the U.S. Forest Service is 
Worth Rills located west of 
:Cedar City, Utah (Maxfield, 
1985.'Sanders 1985):'. 

- 	- 	. 
Although the Act does pot 

'impose any'requirementi 
directly on DOE, DOE will 
consult with D01to determine 
'if a conservation and' 
rehabilitationirogran is 

- required. - 

To protect all unbranded aid 
unclaimed horses and burroi 
on public lands administered 
be the ELM and the U.S. 
Forest Service. 

,Project activitieemust - avoid 
'harm (including'indirect 
effects) to wild, free-
roaming horsei and burros 
on public land. 	' 

This Act is'not applicable' because pro-
"Iected wild horses and burros do not: 
occur in the project area.. 

The DOE projects an ability to comply 
because it will consult with DOI and 
assist in preparation of any required 
conservation and rehabilitation plan. 
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'Projected Ability to Meet 
Requirements Authority 	Purpose and Intent 

	
Requirements 

Air Quality and Noise  

Noise Control Act of 
1972, as amended by 
the Quiet Communities 
Act of 1978, 42 USC 
Sections 4901-4916 
(8.0. 12088) 

Federal agencies are to carry 
out their programs in a man-
ner that promotes an environ-
ment free of noise that could 
jeopardise health or welfare. 

The DOE is required to comply 
with Federal, State, inter-
state, and local requirements 
for the control and abatement 
of environmental noise. 

• No State, local t .orinter-
state standards have been 
identified that would be 
applicable to site char-
acterisation or repository 
construction, operation, or 
closure (Mangan, 1984). 

• Consultation with EPA and 
DOI indicates .that audible 
sounds caused by project 
activities should be a 
bases for evaluation of 
:impacts on Canyonlands 
National park. 

• poise will emanate from 
equipment and from inter-
mittent, short duration 
blasting. Equipment noise 
is not expected to be audible 
to visitors at Peekaboo 
Spring, Tower Ruin, . 
Gothic Arch or any other 
point beyond 2.0 kilometers 
(1.2 miles) into the 
eastern portion of Needles 
District. Blasting noise 
nay be audible up to 24 
kilometers (13 miles) from 
the site under typical 
conditions. Train noise 
will be audible within 
8 kilometers (5 miles) of 
the rail line during 
•perption. Noise willk be 
iiiitigated.to below EPA 
Health and Welfare Guide-
jiwea at nearby.residences. 

The DOE projects an ability , to comply 
because (1) analyses_ indicate noise 
levels will be kept below those that 
would jeopardise health or welfare 
(SeCtione 4.2.1.6 and 5,2.7), :end... 
(2) equipment noise is audible only 
along the 	t park boundary, :and 
(3) eviipment noise will not be 
audible at any designated.camp'srea. 
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Projected Ability to Meet 
Requirements Authority 	Purpose and Intent 

	
Requirements 

Clean -Air Act; -as 
amended, 42 USC 
Sections 7401-7642 
(40 cra Parts 50, 
51, 52, 58, 60, 61, 
124; 40 CFR 81.300 
and 81.400) 
8.0. 12088 

To establish air emlisions .  
limitations, air-quality 
standards, and require States 
to develop a State Implemen-
tation Plan (SIP) of strategy 
for attaining and maintaining 
air-quality standards. Auth-
ority for regulating sources 
of air emissions in Utah has 
been delegated to the State 
by the Federal EPA. 

o The DOE is required to con - e 
ply with all Federal, inter-,  
state, State, and local 
requirements relating to the 
control and abatement of air 
pollution. 

• Sources of air pollution 
must comply with emissions 
standards and other require-
uents. In addition, air 
pollutant emissions oust not 
cause national ambient air 
quality standards (NAAQS) 
to he exceeded 	 If the 
emission rate of any criteria 
air pollutant from a stationary 
source is greater than 
227 metric tons (250 tons) 
per year, the project must 
undergo p 	ion of 
significant deterioration 
(PSD) review. 

Sinie Utah bas been • 
delegated authority to 
administer, the-Clean-Air 
Act (42 USC Sections:7401- 
7642), compliance with Utah. 
law-will_satisfy.Federal 
Clean Air Act .  requirements.. 

• See Utah -Air-Conservation Act.----  

Air Conservation Act, 
Utah Code Ann. 
Sections 26-13-1 to 
26-13730 (Utah Air 
Conservation 
Regulations) 

To establish a Statewide 
program of air pollution 
p 	 ion, abatement and 
control in order to achieve 
and maintain levels of air 
quality that protect health, 
safety, and the environment. 

• The proposed installation 	• 
oust be in accord with 
applicable requirements of 
National Standards of New 
Source Performance Standards 
(ASPS), National 
Primary and Secondary Air 
Quality Standards (NAAQS), 
National Emission Standards 
for Hazardous Air Pollutants 
(NESHAPS), and Utah Air Con- 
	ion Regulations, 
including visible,emissions 
-limitations, and mandatory 
fugitive emissions and 
fugitive dust control 
techniques. 

• Prior to the construction 
of any sources of air pol-
lution, the DOE must obtain 
an•approval order from the 
Utah Air Conservation Com-
mittee Executive Secretary. 

Emission inventory of eri- • The DOE projects an ability to cOnply 
because the DOE has projected (1) no 
significant impairment to visibility, 
(2) no impacts to soil or vegetation 
due to to air-pollutants, (3) odorous 
emissions will be limited to diesel 
emissions near the site, and (4) night. 
sky glow during repository operations 
can be mitigated to existing back- 	r 
ground levels (Sections 4.4.1, and 

include construction-related 5.5.1). 
fugitive: emissions, which 	e in addition, the DOE has:projected 
not . counted in the P80 major that'it will be able to meet all 
source determination., The 	other appliCeble requirements 
steam Olint is the,only 	including the requirement that it 
source that,is regulated by 
ASPS. However, the steals 
plant which has a 124 mil-
lion Stu per hour capacity, 
is below -the minimum size - 
(250 million Stu per, hour) 
necessary to trigger NSPS-
requirements) or the 100-ton 
PSD major source threshold. 

teria pollutants has been 
established for site charac-
terization and repository 
construction and operation. 
Stationary source emissions 
are below the levels which 
trigger P80 requirements 
(227 metric tons 1250 tons) 
per year). This does not 

utilise best available.control 
technologies (FACT) for all sources 
of air pollution. 



Table 6-3. Environmental Statutory/Regulatory Authorities and Requirements, Davis Canyon 

COmpliance Deionstrated/ 
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Requirements 

Air Conservation Act 
(Continued) 

• Utah Air Conservation 
Regulations require that 
pollutant control for 
emissions be at least best 
Tagrle control technology 

▪ Utah provides for review by 
the Federal Land Managers 
(TLK) of Federal lands. 
The YLMs of Class I areas 
determine whether air 
quality-related values 
(Wig) in the Class I 
area would be ad 	ly 
affected. 

41,0ther.than fugitive particu-
late emissions, the only sig- 

. iificant emissions are oxides 
.of nitrogen,(R0x).. During 
..site characterisation bore - 
hole.Arilling-rigs and :  drivers 
for electricigenerators will 
emit under , 227 metric tons 
(250 tons) per year:of WOK  
in the peak:yearlSection 
4.2.1.3). The - steam plant 
for the repository will emit 
91 metric tons (100 tons) per 
year of VO,i (Section 5.2.5). 
Preliminary air quality 

_estimates.show-TSP andliOx . 
concentrations during all 

-,..phases of chararterisition 
and repository construction, 
operation, and closure 
would he.below RAAQS. 

• No sources.of,hazardous air 
, pollutants are.knovn, there-

fore, WASHAPS_requirements 
are not triggered. 

▪ Site charicterisation and 
repository engineering 

7—designs include plans for 
. ASACT on stationary sources • 
' and controls on'fugitive 
'dust emissions.' Use of 
NACT cOntrolsvill . ensure 
Compliance irith . any app-
licable visible emission 
requirements. - . - . -  , 

a Air quality concentrations 
.-insidithe Classl area of 
.Canyonlands National.Fark 
have been estimated, with 
emissions from fugitive and 

--mobile sources included - -
among the sources of total 
suspended particulates (TSP). 
Maximum concentrations are 
projected to occur during the 
1 year of site preparation 
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Air Conservation Act 	 for the repository. .During 
(Continued) 	 this time, maximum 26-hour 

TSP_concentrations'.at the bound - 
ary • Of the park may reach up 
to 62 micrograms'pereubic • 
meter and are due largely 
tolugitive emissions from 
earthmeeing equipaent: 
The annual average:110r  
concentration er'the bound - 
ary'of the park Will be' 
approximately 21 micrograms ,  
per 	throughout. ,:L 
the-construction period. 
Concentrations decrease -_ 
rapidly with.diatance into 
the park. Results of an 
EPA level -2-visibility 
analysis indicate 	. 
that projected visibility 

a 	 changes Are expected to, be 
pip 	 imperceptible vithin'the 

park during all Ohases,of: _ 
site Characterization and -` 
repository construction and • 
operation. •The visibility 
analyses utilise standard 
EPA visibilitymethodol 
ogles and find no percep-
tibility impairments. The - 
DOE will consult with the.. 
National Park Service_OPS) 
and.the:State of Utah:to7 
determine whether unusual; • , 
conditions not exaaieed by 
these methodologies need •to,- ; ;,_ 
be add 	d. 	• 

• Preliminary meetings have 
been held with the EPS, ELM, 
EPA'Region VIII, and the • 
Otah'Division of EnViron-
aental Stealth, to determine 

- - their-requirements and 
directions. 	, 

• Further sir 
is -planned when onstte 
meteorological data are 
obtained. 



Cultural Resources  

Archaeological 
Resources Protec-
tion Act of 1979, 
16 USC Sections 
470aa -47011 
(36 CFR Part 296; 
43 CFR Part 7) 

To protect archaeological 
resources located on United 
States public lands (includes 
most Federal land).or Indian 
lands. 

National Historic 
Preservation Act of 
1966, as amended, 
16 USC Sections 470-
470w-6 (36 CFR 
Parts 60 and 800; 
E.O. 11593 

Ristoric Sites, 
Buildings and 
Antiquities Act, 
16 USC Sections 461 - 
467; Archaeological 
and Historic Preserva-
tion Act, 16 USC 
Sections 469-469c. 
(36 CFR Parts 62, 63, 
65, and 296; 43'CFR 
Part 7) 

To protect districts, sites, 
buildings, structures, and 
objects significant in 
American history, architect-
ure, archaeology, and culture 
that are included in or 
eligible for inclusion in the 
National Register. 

The DOE has conducted sur-
veys of over 8,094 hectares 
(20,000 acres) in the proj-
ect area. Of-the archaeo-
logical resources found, 
some are believed to be eli-
gible for National Register 
listing. While additional 
surveys may reveal other 
sites, cone found are in ' - 
the restricted area, where 
Oust construction will 
occur (Section 3.4.6). 

The DOE has conducted sur-
veys of over 8,094 hec 	 
(20,000 acres) in the proj-
ect area. The DOE is cur-
rently consulting With the 
ELM and the Utah SEPO as to 
which of the identified 
archaeological sites would 
be eligible for listing in 
the National Register, and 
What the precise impacts to 
resources may be. Several 
of the identified sites 
will require archaeological 
testing before the SEPO and 
keeper of the Rational 
Register Can make a formal 
determination of eligibility 
(Sections 4.2 and 5.2). 
Should the site be Selected 
for, site characterisation, 
the DOE will consult with 
the SHPO regarding the need 

The DOE projects an ability to comply 
because the DOE is committed to avoid 
archeological resources. Removal of 
resources will be done in accordance 
with the future PROA. 

• 	••••■• 
0. 

The DOE projects an ability to ce‘ply, 
because it is proceeding with app  

our priate procedural steps as set 	467 - .c' ,  
the Act. Based on consultations lath .  
the ELM, the SEPO, and the Advisory 
Council Ristoric Preservation, and as 
specified in the !ROA the DOE 61,11 -  
continue to conduct archaeologiiil 
surveys, determine elgibility or 
archaeological sites, and develop,  
mitigation plans. 	. 	.1 MOM, 
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Requirements 

The DOE most determine if -0 

archaeological resources 
that may be damaged during 
project-related activities 
are present on Federal land. 
Assessment and consulta-
tions with the SUPO are 
required if resources are 
discovered.' 
If excavation and removal 
become necessary, the". .  
Federal Land Manager having 
jurisdiction over the land 
most give permission. 

The DOE most request informa- 411 

tion from the SRPO and study 
existing literature to deter-
mine whether or not. project 
area contains any structure or 
object listed in or eligible 
for inclusion in the National 
Register. If resources are 
known to be in the area, or 
if requested by the REPO, the 
DOE should survey the site to 
identify resources. If 
project - area contains 
resources that are eligible 
for inclusion in the National 
Register,' the DOE most deter-' 
mine the effect that any proj- 
ect activities may have on the 
resource. If effect would be 
adverse, the DOE most prepare • 
a plan of mitigation and con-, 
with the Advisory Council on 
Ristoric Preservation. 

for additional archaeological 
studies. and eligibility of 
any resources identified. 
For site characterisation, 
a Programmatic Memorandum 
of Agreement (PIMA) among 
the DOE, the ELM, the 
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Authority Purpose and Intent Requirements 
Compliance Demonstrated/ 

Actions Planned 
Projected Ability to Meet 

Requirements 

National Historic 
Preservation Act 
(Continued) 

Ad v' 	y Council on His- 
toric Preservation (ACHY), 
and the State Historic 
Preservation Officer will 
be executed (DOE, 1985). 

American Antiquities 
Act, 16 DSC 
Sections 432 and 433 
(25 CFR Part 261; 
36 CFR Part 296; 
43 CFR Part 
3 and 7) 

Act protects historic and 
prehistoric ruins, monuments, 
and objects of antiquity 
located on the lands owned 
or controlled by the Federal 
government. 

• If historic .or :prehistoric • 
ruins or objects of antiq 
itity are found on Federal:: 
tend, the DOE must determine 
if project will adversely 
affect resources. -' 	• 

• :SecretaryAf the DOI Or the 
DOA will bav•io grant per-
mission to•proceed before 
activities may;be 
undertaken that could . 
result in appropriation, 
excavation,. njury,. or 
.destruction to any historic 
ruin or antiquity. 

The DOE has conducted sur-
veys of the project area 
and found ruins or objects 
of antiquities (Sections 
4.2 and 5.2). 
The DOE will seek a formal 
determination from NIX of 
effects on identified , •- 
resources located on ELM! 
land. 
During site characterization 
and repository construction, 
the DOE would perform assess-
ment,of potential impact on. 
any resources identified and 
take appropriate resources 
to avoid such measures, or 
institute a data recovery 
program. 

• 

The DOE projects an ability to comply 
because the DOE is committed to 
institute a data recovery program for 
any resources discovered in accordance 
with this Act and the PHOA if the 
resource may be affected during site 
characterization or repository construe--; 
tion activities. 

• The DOE : ibeteletirmine if 	• 
project area is in:in area 
related to Native American 
'religious rites oris a 
sacred site of any Native 
American group. 

• If the site is in such an 
Area, the DOE should consult • 
Native American leaders 
to determine if project 
would infringe.on reli-
gious practices. If 
infringement is possible, 
the DOE should consider 
alternatives. If no feasible 
alternative is available, 
project must be reviewed 
by Office ofIntergovern-
mental Affairs, and 
approved by the Secretary 
of Energy. 

American Indian 
Religious Freedom 
Act of 1978, 42 DSC 
Section 1996 
(36 CFR Part 296; 
43 CFI Part 7) 

Act protects and preserves 
Native American religions 
and practice. 

The tureen of Indian 
Affairs has informed the 
DOE that no federally 
recognized Native American 
Tribes are located in San 
Juan County (Oxendine, 
1984). 
The DOE will conduct , 
further consultations with 
appropriate tribal. leaders 
when they are identified. 
If iafringement on religious 
practice appears possible, 
the DOE will consider Alter-
natives and consult with the 
Office of Intergovernmental 
Affairs. 

The DOE projects an ability to comply 
with requirements of this Act because 
the DOE will complete required contacts 
and consider alternatives, if the site 
is in an area related to Native 
American religious rites or if the site 7 
is in a sacred area of any Native • 
American group. 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority . 	 Purpose and Intent 

	
Requirementl 

Hydrology and Water Quality 

Federal Water Pollution 
Control Act, as 
amended by the Clean 
Water Act of 1977, 
33 USC 
Sections 1251-1376 
(40 CFR Parts 110, 
116, 117, 121, 122, 
123, 124, 125, 129, 
230, 401, 403; 
33 CFR Parts 209, 320, 
323-327, 330) 
(E.O. 1208S) 

. - 	 . 

Utah Water Pollution 
Control Act, 
Utah Code Ann. 
Sections 26-11-1 
to 26-11-20 and 
26-15-4 (Utah 
Wastewater Disposal 
Regulations) 

Act regulates pollution of 
the waters of the United 
States. 

To establish a Statewide 
program of water pollution 
prevention, control, and 
abatement in order to 
achieve and maintain levels 
of water quality which pro-
tect health, safety, and 
the environment. 

o The DOE must obtain a 
National Pollutant Dis-
charge Elimination Sys .- 
tea (NPDES) Permit from 
the Federal EPA for dis-
charges from sediment 
retention basins and sew-
age treatment facilities 
planned for the ESP and 
any discharges to waters • 
Of the United States, from 
the repository. 

• The DOE most comply with 
Section 404 dredge and 
fill permit regulations. 

• Subject to certain conditions, 
Activities such as core sampl- 
ieg,. seismic exploratory operat- 
ions,.and plugging of seismic 
shot holes, may be conducted 
Under nationwide' permits. In 
additiOn, under the nationwide 
Permit Systin and subject to 
'certain conditions, only noti- 
fication of the District Engineer 
is required when waters (includ- 
ing wetlands) of less than 
4 hectares (10 acres) are 
affected. Impacts to  wet- 
landi greater than 4 beet-

' areM(10 acres) would 
reqUire a permit - from 
the COE. ' 

s The DOE smut Obtaina water 
quality certification from 
the State of Utah. 

o The permit for discharge 	The DOE will complete and 
of a pollutant into waters submit permit applications. 
of the State must be 
approved by Utah Water 
Pollution Control Com-
mittee "Waters of the' 
State" include all 
bodies of water within 

The DOE will complete and sub-
mit NPDES permit and Section 
404 dredge and fill permit 
applications as required. 
Final engineering design will 
be provided prior to submis-
sion of permit applications. 

The DOE projects it can meet Federal and 
State water pollution control require-
ments because discharges will be minimal 
(Sections 4.2.1.4 and 5.2.2.1); engi-
neering control measures will be applied 
to keep discharges within allowable 
limits and such review will be applied 
to meet any applicable Section 404 dredge 
and fill permit requirements as described 
in Sections 4.1.2.2 and 5.1.2.3. 

The DOE projects an ability to.comply 
for reasons outlined above (Clean Water 
Act of 1977) (33 USC Sections 1251-
1376). 
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'•Compliance Demonstrated/ 
Actions Planned. 

Projected Ability to Meet 
Requirements Authority 

	
Purpose and Intent 
	

Requirements 

Utah Water Pollution 
Control Act 
(Contiaed) 

Rivers and Roxboro 
Appropriation Act 
of 1899, -33 USC 
Sections 401-413 
(33 CPR Parts 209, 
320,322,325,326, 
329,330) 

pridge Act of 1906,- 
33 USC 
Section 491 et ell.  

To prevent any alteration or 
modification of the course 
location, conditions or cepa - 
oity of any channel of any 
navigable water of the United 
States without a permit. 
Construction of bridges is 
also regulated. .  

. 	. 
the State except those 
ioafined to and retained 
withinrthe Limits of" 
private property and 
Which do not constitute 
a iuisance. Effluent 
limitation 'standards under 
the persiit cannot be more 
etriogent'than those 
stiadards - provided in Utah 
Code Ann. Section 26-115:5. 
Water - quality standards 
for •permit are prOvided 
in Wastewater Disposal 
Regulations, - Utah Water 
qualiti . stiadards, Utah 
State Wyllie= of Health, 
tert . II:and include the 
Colorado'Ri4er 
Standards pursuaai -to. 

-:Pirt:II,"Section .2,4. -  
• Any personswho who " 	or 

discharge any oil or other 
Substance that may cause 
the pollution of the waters 
Of the State shall'imme7 
diately notify the Executive 
Secretary of the Utah Water 
Pollution Control'Coamittee 
Of the spill, containment 
procedures, and proposed 
procedure for cleanup and 
disposal.' 	'. 

• A permit is required from 
the Coast Guard for the 
construction of bridges 
.over any navigable water. . 
Obstruction of a navigable 
water is prohibited without 
a permit from the U.S. Army 
Corps of Engineers (COE). . 

• The DOE must obtain a per- 
mit from the COE if fill 

a. The reference railroad route 
	 the Colorado River 
just north of the San Juan/ 
Grand County line. Such 
crossings along with other 
drainage crossings will 
affect navigable waterways 
under COE jurisdiction 
(Section 5.1.2.2). The DOE 
will initiate permitting 

The DOE projects an ability to comply 
because it will meet COE and Coast 
Guard regulations and because there is 
flexibility.in designing and construct-
ing the required ' 	 and stream 
crossings. 



General Bridge Act 
of .946 
33 DSC 
Section 525 et III. 
(33 CFR Parts 114 
and 115) 

Safe Drinking Water 
Act, 42 USC 
Sections 300f-3003-10 
(40 CFR Parts 122, 
124, 141, 142, 143, 
144, 145, 146, 147) 
E.O. 12088 

procedures with the COE as 
appropriate and Safe Drink-
ing Water Act of Utah below 
for public drinking water 
system compliance informs-.. 
tion. 

• The DOE will consult with 
the U.S. Coast Guard (CC) 
to determine applicability 
of Act to plans for the 
construction of a bridge 
across the Colorado River 
and to determine Grand 
County's (CC's) jurisdic-
tion over bridge 
construction. 

s See Utah Water Pollution • See Utah Water Pollution Control 
Control Act below for under- Act and Safe Drinking Water Act. 
ground injection control 
(UIC) compliance information 
and Safe Drinking Water Act 
of Utah below for public 
drinking water system 
compliance information. 

• No EPA-designated sole 
source aquifers are located 
near the site. 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements Authority 	 Purpose and Intent 	 Requirements 

material is put into 
navigable waters. 

To regulate public water 	s The DOE must comply'with 
supply systems and to pre-, all Federal, State and 

, vent pollution of underground 	local requirements regard- 
sources of drinking water. 	ing drinking lister if 

public water , itystga is 
proposed..  

• The DOE must obtain an 
underground injection 
control permit or use'e 
licensed underground 
Weider* well faCility, 
if underground injection 
is chosen as method of 
diaposal for brine or, if 
other activities involve 
injection. 	' 

e Iltah'Ilivision of Environ-
,mental Wealth is granted 
authority to, issue UIC 
permits for Class I, III, 
IV, and V, and to 
regulate safe drinking 
water programs. Compliance 
with State law satisfies 
the Federal Safe Drinking 
Water Act (42 USC 
Sections 300f-300j-10). 

• Federal agencies are 
prevented from granting 
assistance to any project 
that may contaminate an 
EPA-designated sole source 
aquifer so as to create 
significant health hazard. 



Authority purpose and Intent 
; 	. 

qu resents 

Utah Water Pollution 
Control Act, Utah 
Code Ann. 
Sections 26-11-1 
to 26-11-20 

To 	 the Utah Water 
Pollution Control Committee, 
Which has responsibility for 
regulating and permitting 
underground injections. 

Safe Drinking Water Act 
of Utah, Utah COde 
Ann. Sections 26-12-1 
to 26-12-12 (Public 
Drinking Water 
Regulations, April 16, 
1984) 

To'reeulatedevelOpient of 
public drinking meter 
systems. 

• Disposal of waste salt by 
brine injection is not a 
viable option due to the 
large volume of water 
required. 

• Consultation with the 
Division of Environmental 
Wealth will determine if 
other activities (e.g., 
well testing) will require 
a permit for a Class V 
well. ,  

• The DOE projects an ability to comply 
since underground injection is not 
planned for salt disposal and since 
the DOE will comply with permit 
requirements for Class V wells if 
this permit is necessary. 

The DOE projects an ability to comply 
as it will comply with the permit 
requirements of Utah, end ensure that 
any water system which falls within-
the definition of a public drinking-
water system is designed to meet Utah 
specifications. 

The DOE will secure approval 
from the Utah Safe Drinking 
Water Committee for any 
drinking water spites pro-
posed on site. 
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Compliance Demonstrated/ 
Actions Planned 

Projected Ability to Meet 
Requirements 

• An undergroundinjection 
control,permit must be 
obtained for any subsur-
face emplacement of fluids. 
Under authority of Utah 
Code Ann. Sections 26-11-1 
to 26-11-20 (1984), and 
wastewater Disposal Regula-
tiOns t  Tart'VII,(Under7 
ground Injection Control 
Program) (May 2, 1985). as 
authorised by the life 
Drinking Water Act (42 USC 
Section 300h [1981) and 
40 CPR Parts 122, 23, 124 
and 146 (1984), Permits for 
Class 16 III, IV, and V 
underground injection wells 
are approved and regulated 
by the Utah WaterPollution 
Control Committee. 

This' Act 'requires that the 
Executive Secretary of the 
Safe Drinking Water Commit-
tee snot approve all plans 
and specifications for public 
drinking water projects, 
which includes a system that 
provides mater for 15 service 
connections or at least 25 
persons daily, even though 
privately owned. 



Table 6-4. Non-Federally-Derived State and Local 
Statutory and Regulatory Authorities, 
Dtvis Canyon Site 

STATE REQUIREMENTS 

Land Use 

Resource Development;Coordinating i CommitteeActi Utah 
Code Ann. Sections 63-28a-1 et seg. OuideLines for 
Implementation of the ReSource Development 
Coordinating-Committee. Act, 1981)--. 

 , 

Materials Permit, Utah Code Ann. Section 65-1-,15(4) 
(Rule Mlbl, Rules and Regulations 
Governing the Issuance of Mineral Leases) 

Parks and Recreation, Utah Code Ann. 
SectiOns 63-11-1 to 21 

Forestry, Utah Const. Article XVIII, I; Utah Code Ann. 
Sections 24-2-3(3) and 12. 

Utah Mined Land Reclamation Act, Utah Code Ann. 
Sections 40-8-1 et seg. (General Rules and Regulations) 

Special Use Lease of State Lands, 
see Utah Code Ann. Section 65-1-108, 
Rules and Regulations Governing the Issuance 
of Special Use Leases 

Rights-of-Way Across State Lands, Utah Code Ann. 
Section 65-2-1 et seq., Rules and Regulations Governing 
the Issuance of Rights of Way and Rights of Entry. 

Ecology and Wildlife Protection  

Wildlife Resources Code of Utah and other Acts that Protect 
Wildlife Resources, Utah Code Ann. Sections 23-13-1 
at seo.,,23-14-1 et seq., 23-15-1 et seq., 23-17-1 
at seg., 23-18-1 et seq., 23-21-1 et seg. 

Heritage Tree Protection, Utah Code Ann. Sections 63-11-57 
to 63-11-65 

Cultural Resources  

State. History Act, Utah Code Ann. Sections 63-11-2 
and 63-18-25 

'6-55 

4 0 1 70 
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Statutory and Regulatory Authorities, 
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Hydrology and Water Quality 

License for Well Drillers, Utah Code Ann. 
Section 73-3-25 (Utah Admin. Rules for Water Well 
Drillers, July 1, 1985) 

Application to Alter Natural Stream, see Water and 
Irrigation, Relocation of Natural Streams, Utah. Code Ann. 
Section 73-3-29  

Transportation  

Utah Code Ann. Section 41-6-154 

4,. 

-6-56 

. 	:111'.± 



Design criteria for runoff control 
structures should prevent release 
of contaminants. - Control   
are expected to reduce windblown 
dust by at least 90 percent, re-' 
clueing contamination of water by 
airborne 'particulates." 

Water spraying, soil stabilisation, 
Salt andipoils'pile management -
Measures toieduce airborne 
particulates.-  Paving and cleaning 
of site access roads. 'WehiclM 
traffic restrictions and speed 

, 	• • 	• 

Water spraying and soil stablisa-
tion are projected to reduce emis-
sions of airborne dust by at least 
90 percent. Perceptible increases 
in suspended particulates and dust-
fall will be confined to the canyon 
in the immediate vicinity of the 
sits. 

Table 6-5. Measures to Control Potential Adverse Environmental Impacts - Davis Canyon 

Potentially Significant Adverse 
Environmental Impacts 

Control Measures 
to be'Employed 

Projected Effectiveness 
of Control Me 	 

Acceptability:of 
Residual' Impacts' 

• 

Water Quality: 

Surface Water 	 - 

Minor and temporary increases in 
sediment and turbidity in Indian 
Creek during siting activities 
(Section 4.2.1.4.1). 

Cround water  

Contamination of ground water as a 
result of hydraulic connection of 
aquifers, wastewater seepage from 
salt pile and evapoiation ponds 

cr, 	during siting, construction, and 
operation as inn as and pits during 
siting and construction (SectiOns 
4.2.1.4.2, 5.2.2.2.1, and 5.2.2.4.2). 

Air Quality: 

Increased suspended particulate 
and g 	 emissions during 
siting, construction, and operation 
leading to increased concentrations 
of air contaminants. Reduction in 
visibility from increased concen-
trations of air pollutants 
(Sections 4.2.1.3 `and 
:Projected increases'in TSP concen-
trations-are basedkeilugitive dust 
emission factors, which are assumed 
to be suitable for modiliti'TSP 
impacts (Section 5.2.5.3.2). These 
factors were developed from offsite 
measurements where soil characteris 
tics such as silt and moisture content 
may differ from those existing at the 
site. 

Construction of temporary sediment 
basins during siting and construction 
(Sections 4.1 and 5.1). Water spraying 
and salt and spoils pile management 
to control dust and salt during 
construction and operation (Section 
4.2.1.12).• Salt and spoils pile 
catch beans to prevent contaminant 
release during operation. 

Dee of water seals, collars, and 
shaft liners to vertically iso-
late aquifers and use of appro-
priate drilling lud to minimise 
contamination. Catt- Of liners in 
the and pits, ender salt piles, and - 
in evaporation ponds.to prevent leak-
age. `Monitoring and recovery system 
all be installedto detect and - 
pump out leakage. 

Contia measures should sebstan-' 
tially reduce the probability and 
extent of any groend-water nontam-
ination, - if any. the - DOE will rely 
upon early detection'and Clean up 
if liner leakage develops. ' 

The DOE expects residual impacts to be 
acceptable because they will be 
limited to local and temporary in- 
	 in sediment loads prior to 
completion of sediment ponds, and to 
windblown solids which will have an 
imperceptible impact on water quality 
in streams or in the Colorado River. 

The DOE expects residual impacts to be 
acceptable because the potential 
volume of contaminated •ground watef 
will be small relative to the aqui.; 
far volume due.to efficacy'a the t 
control measures, early detention j 
by:the uoatoringsystel,'and geic, 
remedial action. 

The DOE believes that residual-air 
quality impacts at the site boundary are 
acceptable because they-are less than 
applicable permitting levels, the 
clarity of the air is not impaired,'and 
there are no perceptible impacts to the 
other Canyonlands Rational Park air 
quality-related values except for might 
skyglew wbich'mai be perceptible during 
site characterisatiOn'and reiailtOry 
nonstruction.H 



Mitigation plans should control 
all direct site and corridor impacts. 
Minor indirect impacts are projected 
to occur in relation to changes in 
visitation (Sections 4.2.1.8 and 	• 
5.24).  

• 

The DOE believes that soil contamination 
and soil erosion impacts can be held 
toAcceptable'levels because effete, 
tive engineering control me 	 
(liners, soil stablization, 
'tation) 'are planned to'reduce: theta 
'impacts: "''' 

r„ 
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Potentially Significant Adverse 
Environmental Impacts 

Control Measures 
to be Employed 

Projected Effectiveness 
of Control Measures 

Acceptability of 
Residual Impacts 

. 	, 

Cultural ResOurceii" 

Direct impacts during, siting and 
construction, and indirect impacts' 
during siting,' construction, and 
operation on sites eligible for 
the Rational Register of Historic 
Places (Sections 4.2.1.8 and 
5.2.8). 	• 

Soils ' 

Soil contamination by windblown 
salt or leakage'from retention ponds 
`during construction (5.2.14.1) and 
'Operation (5.2.1.1.2). -  Subsoil'• 
'horikoniimizing in stripped topsoil 
'during siting (4.2.1.5.1) and 
construction (5.2.1.1.1). 'Paving 
And removal of vegetstiOn may , 
'increase surface runoff,'end'tkus 
Increase soil erosion; Wind erosion 
of soils stripped of vegetation 
during site characterisation 
(4.2A.S.1)and repository 
-Construttion. 

ibiaei 

'(Schultz. 1978 and Section 5.2.7). 
During construction, noise levels will 
be audible'up to 2.4 kilometers (1.5 
miles) into Canyonlands Park (Section. 
4.4.1.3). ROLM: levels from blasting 
will be audible up to *4 kilometers 
(15 miles into CanyOnlands National 
,parie(Section 4.4.1.3). Increased 
noise levels from construction of rail 
and road access routes will result in 

Mitigation plans will be developed 
in consultation with the State 
Historic Preservation Officer (=POI 
'tureen of Land Management (BLM), and 
Advisory Council on Historic Preser-
vation (ACHP). Sites will be avoided 
by relocating activities whenever 
'possible. Important sites which 
cannot be avoided Mill - be recovered. 
'Project perionnel will receive worker 
44ireiesi 'trillingregarding the 
isensitivity'of eilturel resource sites. 
(Sections 4.2.1.8 and 5.2.8). 

letention'pond liners with leakage de-
tection and recovery - system,'and salt 
pile management measures.' Nutrients 
and - soil conditioners where necessary 
to' support vegetative growth' when 
stripped topioil is stabilized or 
redistributed.''Soil banking, -  
ridging and diking, indigenous 
'natural Vegetation seed sprays,' run-
off diversion structures and reten-
tion ponds will be used. Water 
'Spraying,' soil stabiliiation, and 
4evegetation'to reduce wild'erosion 
of exposed soils.' • 	- 

Near surface shaft and tunnel 
blasting will occur only between 
0700 and 2200 hours. Calculations 
have taken account of the 	. 
DOE's ability to select quiet 
equipment, use 'noise muffling de-
vices, enclose stationary noise 
producing equipment,. end use sound 
absorbing materials. 

u•  

Pond liners are projected to reduce 
the potential for soil contamina-
tion. Leakage is beyond the double 
liner system, and'expected to be 
'infrequent.' Salt Management" -  
leasuris arMaipected4o elLniiste 
`soil contamination except inAbe 
immediate Vicinity of the salt pile 
and 'transfer 'points.: Runoff control 
measures will retard i 	d sur- 
face runoff and prevent increases 
in soil erosion by surface water. 
Water sprays are projected to re-
duce Airborne particulate emissions 
by at .  least 90'percent in ereas of 
Axpoied 	''RevegetitiOn Measures 
should:reduce wind erosion to approzi- 
Mately tbe undisturbed - levels in re-, 
`vegetated Areas. - 	' 

Feasibility of enclosing major noise 
producing equipment has been esteb-
limbed (SRI, 1985). 

The DOE believes that residual impacts 
are acceptable because direct in-
pacts can he cantrolled:oe'eliiinsted 
and the indirect impacts can be 
Mitigated.' 	' - 

The DOE believes the noise impacts to 
be generally acceptable because noise 
in well-travelled 	 will be limited 
to blasting noise audible only for 
short durations for exploratory 
shaft, repository shaft, and rail-
road construction (4.2.1.6 and 
5.2.7)4 - 'Long tern audible levels of 
equipment noise are not expected to be 
present  at often visited places. 
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Potentially Significant Ad 
	

' Control Measures ' 
	

Projected Effectiveness 
	

Acceptability of 

	

Environmental Impacts 
	

tote Employed 
	

of Control Measures 
	

Residual Impacts 

Noises 	• 	- 
(Continued) 

• 
increased noise levels at Dugout Ranch, 
Indian Creek .State. Park, northern 
Eridger.Jack•NSA, and Needles.Overlook. 
Equipment noiSe-levels will-be audible 
12 kilometers (7.5 miles) into Canyon-
lands - National Park during repository 
operation. - •'Predicted'Ldi levels at • 
Dugout - Ranch are below - recommended EPA 
guidelines,' Sound emission levels -used 
in the analysii are believed:to'be 
accurate to + 5 dR. linfaisorable:wind 
and •tedperature'gradient effects, which 
would increasa'noise propagation toward 
the park, - are believed-to be'an in- 
frequent occurrence. .•-• 	_ 

Visual Aesthetics: 

The EST is'potentially visible -from 
four key observation points, and a 
total area of 71.33 square kilometers 
(27.54 square miles). Significant 
impacts may occur:as the facility is 
viewed from the - Davis:Canyon jeep 
trail and Utah 211. Tall structures 
at the site will be visible from 
limited areas within Canyonlands, 
National Park,-although few visitors 
will be affected due to low visita-
tion in•theicareas (Sections 4:2.1.7 
and 5.2.6). !No key ob 	ion ' 
pointsFwithin Canyonlands:National 
park,will be 'impacted because the 
facilities ars not salable.• Rail: 
access routes; and especially cuts 
and fills, will be visible from some 
key overlooks during construction and 
operation. Night lighting and navi-
gation warning lights May 'degrade 
visual character of the night sky'' 
during siting (Section_4.2.1.3), 
construction, and operation 
(Section 5.2.5). 

Opportunities for solitude in the 
proposed Wilderness Area at the eastern 
park boundary may be impacted by 
increased noise levels. The increases 
will be much less than that from 
commercial airline overflights which 
occur daily every 2 to 3 hours-and 
last for 2•to 3-minutes.:!:' 

The DOE believes that most visual 
aesthetic impacts can be mitigated to 
an acceptable degree because (1) the 
repository and support facilities 	• 
will not be visible from generally 
travelled parts of Canyonlands 	. 
National - Park (Section 5.6.1) and (2) 
portions Of the alternative - railroad' 
alignment will-be in the line of sight 
of some - area view-points and have high 
visual contrast - for some segments. 
Night skyglow may be perceptible 
during constructionbut will•not .! 
significantly reduce star-visibility. 

- 	' 
••• 

	

- 	• 

	

Control 	 will Include.- 
orienting and painting structures to 
blend with the surroundings, tinting 
exposed concrete surfaces, and use 
oUdirectional and infrared security 
lighting. , Cut-and'fill slope edges 
and -in:underlie of construction - clear-
ings -mill be planned to reduce -their 
contrast with the!natural'surroundings. 
tevegetation, tunnelairberms, - and 
route relocation will be'used to 
mitigate visual impacts:of rail' 
access routes.(Section'5.2.6). 

Control measures - are projected to 
reduce visual contrast and 
obtrusiveness of structures 
and transport routes, as 
well as skyglow during nighttime 
hours. Portions of the railroad 
will remain visible from scenic 
overlooks along the routes con-
considered in Section 5.2.6. 
Markers and earthmounds erected 
after decommissioning will be - 
designed to be compatible with 
natural,surroundings (Section 5.2.6). 



Control measures should limit im-
pacts to biota except for localized 
destruction or displacement. •Trans-
portation.route selection and design 
should reduce impact:on behavior, and 
reproduction of-sensitive biota. 

ColleCtion and eiraporation of salt 
pile runoff: Reduction ofsalt 
emissions and windblown salt via 
enclosed salt handling andpile 
crusting. Liners and leachate 
monitoring of salt ponds and storage 
areas. 

Control measures are expected to 
reduce salt impacts to insignificant 
levels. 	. 

Table 6-5 We ssssss to Control potential Ad 	 Environmental Impacts - Davis Canyon .  
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Minimise clearing, grubbing, and 
grading activities... Erect cattle 
guards and fences to prevent wild-
life access to . the repository 
-operations.areas: Salt management 
procedures and control structures 
to reduce salt deposition. Sites 
restored in conformance' with U.S . 
specifications: Transportation 
routes and utility corridors will 
be designed to reduce impacts on -
wildlife. - 

Potentially Significant -Adverse 
Environmental Impacts 

Loss of plant communities and nor- ' 
tality.of small sedentary wildlife 
from siting and construction. In-
creased road kills during siting,, 

:construction, and operation. Loss or 
change in plant communities adjacent 
to site due toaalt , deposition 

'during siting, . 	and 
operation.: Transportation route. ' 
creating aLpOtential:behavioral 

, barrierlto some wildlife.. • 
ASections 4.2.1.2 , and 5.2.4). 

'Land Use: 	• 

:Removal'of 2,33111ec sssss .(5:760 
acres) from the jurisdiction of 

-the public,land:laws (Sections 
4.1.3.3.and,4.2.1.1) and extin-

'guishing of'existing mineral rights 
and'oil'and gas leases:- Temporary 

-disturbance of existing grazing . 
activities' on 59 hec 	 '(145 - 
acres):duriagaite characterisation, 

• field activities'and a temporary 
change'in'the'recreational 'experience. 

Amahe vicinity of the' activities 
-(Section'4.2.1:1). :Loss of 162 hec- • 
tares.(400 acres). of grazing land and 
'a thange.ii-the'recreational'experience 
. during repository construction and 
operation.. Development-of 'mineral' 

Iresources•within the controlled area 
will be prohibited..-(Sections 4.2.1.1 
and 5.2.3.1). 

, .Salt Management and Disposal: 

Windblown salt, salt seepage into 
ground water, decrease in soil and 
vegetation productivity. • 

Acceptability of 
Residual Impacts 

The DOE expects, ad 	 impacts to be 
acceptable because they will be 
localised,: and limitedto !ecosystems 
which are not unique, critical, or 
sensitive, and are not expected to 
'affect threatened or endangered - 
-species in the site area and only 
temporarily in the Colorado River. 
(Sections 4.2.1.2, 5;2.4.1,1.2A:2, 
and 5.2.4.3), 

'The DOE expects impacts to.grazingto. 
be  insignificant since the disturhince 
will rep 	t only a small portion of 
the range inventory in ELM Moab 
grazir.g.district (5,2.3); The DO 
also expects impacts to recreation to 
be acceptable because access through 
Davis Canyon will be maintained , 
for hikers and four-wheel drive 
vehicles. The presence of industrial 
development (the repository) would be 
perceptible along Vtah'211, the access 
road to the park. 

No significant offsite impacts because 
increases from the project will '  
probably apt be detectable. 

Control Mess 	 
to be Employed 

':projected Effectiveness 
of Control Mkasures 

Restoration of grazing land-in. 
accordance with ELM specifications 
upon completion of activities. 
Provide cattle crossings where 
necessary along transportation 
corridors. 

Control seaaurea are expected to re-
duce impacts to grazing, and other 
land-use interests. 

Rote: References are to sections in the Ea where potential adverie impacts, control measures and their effectiveness, and residual impacts are discussed. 



6.2.1.6.2 Analysis of Favorable Conditions. .  

(1) Projected ability to meet, within'time,xonstraints, all Federal,: 
State,. and local procedural and substantive . environmental requirements 
applicable to the site and the activities proposed to take place thereon. 

Evaluation. The DOE has identified the.Federal and federallydelegated!environmental 
statutory and regulatory requireMents potentially applicable to the Davis Canyon site. 
Table 6-3 lists the requirements, the compliance demonstrated, the actions planned, and the 
projected ability to meet the requirement-at the Davis Canyon site based-on available infor-
mation and,analysis.- 

! 	, fl . 	_ 
The DOE projects the ability ,to.meetenvironmental-requirementspotentially applicableto. 

the site and the activities proposed to take place thereon and,edjacent to..theproject area 
(Table 6-3). 

The project area.referred to.in.Table 6-3 refers to , the project site:and also encompasies: 
project activities located off site (e.g., geotechnical - activities,support-facilitiesi access 
routes, and utility corridors). 

• 
However, the DOE cannot project ability-to meet all such requirtmentstwithin time -con-

straints due to the uncertainty in the time required to obtain all permits and approvals, 
including the Utah Air Conservation approval order. 	 • 

The DOE intends tocomply.with all.State and.local,environmentalxequirements, as listed 
in Table 6-4, not inconsistent with its responsibilities under the NWPAi The DOS intends'to 
consult with State and local officials concerning sites that are recommended to determine the 
scope:of,requirements andto,identify other regulations avappropritte... 

The evidence indicates that ,thelavorable.condition is not.present. 

(2) Potential significant adverse environmental impactuto present and : . 
future generationucan.be mitigated to an insignificant levelthrough the 
application of:reasonable measures, taking into account;Orogrammetici-

- technical, social, economic, andenvironmental factors. 

Evaluation. Potentially significant adverse environmental impacts, control measures and 
their effectiveness at reducing these impacts, and the acceptability of the residual impacts 
are presented in Table 6-5. As summarized in Table 6-5, effective control measures are-avail-
able to substantially reduce, all potentially adverse impacts to acceptable levels for site 
characterization or repository construction and operation.- However, some of-the impacts can-
not be mitigated "to an insignificant level through the application of reasonable measures, 
taking into account programmatic, technical, social, economic, and environmental factors." 

For example, noise from blasting will be temporary and intermittent and-it can be limited 
to certain hours of the,day, but it cannot be.mitigated to become inaudible (Sections 4.2.1.6 
and 5.2.7). Similarly, there will be access corridors and repository facilities visible from 
the park such that visual effects will occur (see Sections 4.4.1, 5.5.1)._ Following decom-
missioning of a nuclear waste repository in less than 100 years, no significant ; environmental 
impacts to future generations at the project area or the Canyonlands National Park have been 
identified. The markers'of the repository area will be designed to be compatible-with the 
park values. However, a favorable condition is not present because all interim impacts cannot 
be mitigated to an insignificant level. 

The_ evidence indicates that the favorable condition is not present. 

t - 
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6.2.1.6.3 Analysis of Potentially Adverse-Conditions  

(1) Projected major conflict with - applicable Federal, State, or local -environmental 
requirements 

Evaluation.  Based on the inforMation-presented in Tables 6-3 and 6-4, the DOE does not 
project a major conflict with aPplicable Federal, State and locil environmental requirements 

Because the:DOE believes there will be no substantial *adverse impacts on air quality- .. 
related values in the Canyonlands National Park (Table 6-3), and because there is considerable.' 
flexibility regarding the location and design.of the water intake structure in, and the rail-
road bridge across, the Colorado River, no.major conflict with applicable Federal environ-
mental regulations is found. 

The DOE has identified State environmental requirements as 
intends to.comply with the requirements of'applicable State and 
but has based its findings for this guideline on those statutes 

A potentially adverse condition is not present, because 
Federal or State environmental requirements is projected. 

no major conflict with applicable 

The evidence indicates that the potentially adverse condition is not present. 

(2). Projected significant adverse environmental impaCts that cannot be 
avoided or mitigated. 

Evaluation.  Potentially significant adverse environmental impacts and the control mea-
sures used to reduce these impacts are outlined in Table 6-5. Table 6-5 reflects that there 
are projected significant adverse environmental impacts related to air quality and noise 
levels within Canyonlands National Park, and noise levels, visual contrast, and industrial 
presence outside the park. As indicated'in the columns headed "Projected Effectiveness of 
Control Measures" and "Projected Acceptability of Residual Impacts" in Table 6-3 the control 
measures to be employed to mitigate environmental impacts are as follows; 

1. Engineering control measures will reduce water quality impacts, to minor, local, or 
temporary effects. 

. Air pollutant emission controls will reduce emissions to the point where only mini- -  
mal changes in local air quality are expected; however, because the air quality in 
Canyonlands National Park will be affected, these changes are considered to be sig-
nificant.  

3. Direct impacts on cultural resources can be controlled or eliminated, and indirect 
impacts:reduced (through the use of worker awareness programs) to the level where no 
significant lOss . of cultural resource information is expected. . 	• 

4: .Soil :contamination and erosion can be reduced to low. levels by the use of pond . 
liners; soil stabilization, and revegetation. 

5. Noise control measures have been applied; some further reduction in noise impacts 
may be:achievable with additional control measures.: 

6. Facility and access corridor placement and design can reduce visual impact to the 
point when the , repository'and-SuPPort facilities will not be visible frOW most 
parts of Canyonlands National Park. Control measures Will be employed to reduce the 
visual intrusiveness Of,  night lighting during site characterization and construc-
tion. All four alternative access routes represent a significant visual impact from 
one or more key observation points outside the park. 

listed in Table 6-4. The DOE 
local laws and regulationi, 
listed in Table 6-3:- 
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7. Facility and access. corridor placement - and design can reduce impacts on biota to the 
point where they will be localized; limited to ecosystems which are not unique, 

-critical, -or . sensitive; and.do not adversely affect threatened and endangered 
species in the site area and temporarily in the Colorado River... 

8. . Restoration of grazing land, provision of cattle crossings, and reducing noise and 
visual,Lmpacts will "educe. land-use impacts to the point where only a small portion 
of the land available for grazing or recreation will be affected. .  

The air quality in Canyonlands National Park will be degraded. The DOE is projecting 
peak TSP and NOx  levels at the park boundary to be 62 and 22 micrograms per cubic meter 
respectively, which represents increases over background levels. All otherprojected signi-
ficant adverse, environmental impacts can be mitigated through the use of control measures. 

The evidence indicates that the potentially adverse condition is present.. 

(3) Proximity to, or.projected significant adverse environmental impacti 
of the repository or its support facilities on, a component of the 
National-Park System, :the National Wildlife Refuge System, the National .  

Wild and Scenic RiveraSystem, the National.Wilderness ITeservation-Sys-
tem, or National Forest Land. 

Evaluation. The geologic repository operations area (GROA).lies within 1.6 kilometers 
(1 migniiII; eastern boundary.of Canyonlands National Park. TSP and NOx .concentrations 
within the Canyonlands National Park boundary are projected to increase. However, results 
from EPA's visibility methodologies show visibility changes-to be imperceptible within the 
park. The repository will be visible during daylight hours at some places along the eastern 
boundary of Canyonlands National Park, however, this is not a heavily visited part of the 
park. Night lighting may perceptibly increase night sky glow during site characterizationand 
repository construction. Blasting, during site characterization and construction activities, 
will be audible within the park.. Discussions of the extent of-these and other impacts during 
repository siting, construction, and operation are presented in Sections 4.2.1.12 and 5.2.11 
and lead to the conclusion that (with the exception of air quality and noise degradation),no 
significant adverse environmental impacts from the repository or its support -facilities are 
projected on Canyonlands National Park. 

The evidence indicates that the potentially adVerse condition is present. 

(4) Proximity tm,.and projected significant adverse environmental impacts 
of the repository or its support facilities on, a significant State or 
regional protected resource area, such as a State park, a wildlife area, 
ora-historical area. 	- 

Evaluation. The nearest such protected resource isNewspaper Rock-State Historical Monu-
ment near Utah State Highway 211 (Utah 211).in Indian Creek Canyon; 28' road-kilometers 
(17 road-miles) from the•GROA. Utah 211 will be used for access to the site during aite 
characterization. This-activity is discussed in Section 4.2.1.8. The increased traffic flow 
past the Monument and Its facilities (campsites, picnic sites, etc.) Will cause some.disrup-
tion to visitation and overnight camping.. Therefore, the DOB:expects some significant adverse .  
environmental impacts to the . Newspaper RockNtate Historical Monument due to•an increase in 
noise and traffic levels sufficient to change the character of the area surrounding the monu-
ment. The DOE plansto review this.finding with the BLM,:the Utah SHP0,,and the,Adyisory 
Council on Historic preservation : in,accordance with the.PMOA being developed.,_ 

Based on the analysis presented in Section 5.6.2.2, there will be no significant visual 
impact on Dead Horse Point State Park. 	, 	

. 

r, 4  

The evidence indicates that the potentially adverse condition is present. 
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(3) Proximity to, and projected significant adverse environmental impacts 
of the repository and its support facilities on, a significant Native 
American resource, such as a major Indian religious site, or other sites 
of unique cultural interest: 

Evaluation.  - Thenearest significant Native American resources and sites of unique cul -
tural interest are within the Salt Creek Archaeological District which lies along the eastern 
edge of Canyonlands National Park. As discussed inSections 4.2.1.12 and 5.2.11, the impacts 
of the repository and support facilities on these resources are not expected to be 
significant. 

The DOE does not consider the petroglyph panel at Newspaper Rock State Historical Monu-
ment to be a significant Native American resource because-it is not believed to be a site of 
religious or other significance to existing tribes. The monument lies alongside Utah 211 in•
Indian Creek Canyon, 28 road-kilometers (17 road-miles) from the GROA. 

The evidence indicates that the potentially adverse condition is not present. 

(6) Presence of . eriticarhabitats for threatened or endangered speCies -
that may be compromiied by the repository or its support facilities. 

Evaluation. Field surveys did not identify any critical habitat for threatened or 
endangered species in theimmediate vicinity ,  of the site. Peregrine falcons and other pro- 
tected species are known to exist in'the Gibson Doha area' (Sections 5.2.4 and 4.2.1.2): Known 
habitats for any of these species are not expected to be compromised by site characterization -.  
or repository activities. The proposed rail route alternatives could potentially affect 	• 
peregrine falCons'which inhabit cliffs near'the routes. Howeveri• literature surveys and con-
tacts with Federal and State agenciee'indicate that corridors can be telected that do' not com-
promise 

 
 critical habitats of these threatened Or endangered species (Section 3.3.2).. 

The Colorado River iquatitith Is known to be'present in the reach of the Colorado River  
between its 'confluence with the Green River' and the city of Moab. However, no critical habi•_ 
tat for the squawfish has beed ditignated in this reach of the Colorado Rivet (see 50 CFR 
'17.11'and 17.12,'.°Endangered and'Threitened. Wildlife and Plants," July 27, 1983) (Bolwahnn, 
1984). If the Davis Canyon site is selected, a water-intake structure and a railroad bridgei 
will be constructed somewhere along the Colorado River. 

A potentially adverse condition is not present because there are no known or designated 
critical habitats for threattned'and•endangered species that could be compromised by the , 
repository or its support facilities. 

The evidence indicates that the potentially adverse condition is not present. 

6.2.1:6A Analysis of Disqualifying Conditions  

(1) During 	titing,' - constructiOn, operation, closure, or decomr 
miesioning the quality of the environment , in the affected area could not 
be adequately protected or:projected environmental inipacts'in the-affected -
area could Aot . be-mitigated to anacceptable , degree, taking into account 
prOgramMatic, technical,. social, economic, and environmental factors.- 

Evaluation. The praject has been.deligiod With considerable mitigation measures 
included. The DOE hatConcluded that the quality'ofIthe environment in , the affeCted area can 
be adequately protected. Residual environmental impacts, which are identified in 
SectiOni 	and- 5.3 and in Table 6-5, hive-been 'shown to be either relatively short- 
term or of limited extent, or both. While some of these impacts will be felt in Canyonlands. 
National Park and to some extent lessen the experience of a visitor to the . Park, taking into 
account progremmatic'Contiderationi,•including the-neeCtO identify a licenSible Site from 
among sites that on a preliminary basis exhibit technical merit'(the geology at the Davis 



• 
site is disqualified (Level 1). 

Canyon site.tas potential for possessingcharacteristics.that would indicate an ability to 
isolate the waste•effectively.lsee:Sections-6.3 and.6.41);•the-DOE finds-on-balance these 
residual environmental impacts of siting, constructing, operating, and decommissioning a 
repository are-acceptable. 

The evidence does not support a:finding that,the 

(2) Any part of the restricted area or repository support facilities would 
be located within the boundaries of a component of the National Park 
System, the National Wildlife Refuge System, the National Wilderness 
Preservation System, or the National Wild and Scenic Rivers System. 

Evaluation. During the site selection process, all such lands were specifically excluded 
from consideration as potential repository sites (Section 2.2). Consequently, no part of the 
site is located within the boundaries of a component of the National Park System, the National 
Wilderness Preservation System, or,the National Wild and Scenic Rivers ..System. Furthermore, 
based on the information presented in Section.3.4.1.3.2 (Figure 3-65) and Sections 4.2.1.10 
and 5.1.2.2 (Figure 5-10), transportation and utility corridors to the site can be selected so 
they do not pass through such lands. 

The evidence does not support a linding that the site is disqualified (Level l). 

(3) The presence of the restricted area or the repository support 
facilities would conflict irreconcilably with the previously designated 
resource preservation use of a component of the' National Park System, ,the 
NationallWildlife Refuge System, the National,Wilderness Preservation 
System, the National ,  Wild and Scenic Rivers3ystem, or National Forest 
Lands, or any comparably significant State Protected resource that was 
dedicated to resource protection at the time of the enactment of the Act. 

Evaluation. The closest such Federal land designated for resource preservation is the 
Canyonlands National Park, located within 1.6 kilometers (1 mile) of the proposed boundaries 
of the site. The discussions presented in Chapters 4 and 5, and 'in Section 6.2.1.6.3 indicate 
that the presence of a restricted area or repository support facilities at the site would not 
be expected to conflict irreconcilably with the previously designated use of any component of 
the National Park System, the National Wildlife Refuge System, the National. Wilderness ' 
Preservation System,. the National Wild and Scenic Rivers System, the National Forest Lands, or 
any 'comparably significant' State-protected resource dedicated to resource preservation at the 
time of enactment of the Nuclear Waste Policy Act of 1982 (NWPA). No part of the restricted 
area or repository support facilities will be within' the boundary of the perk. 

Potential effects-of operation, closure and support facilities on Canyonlands National 
Park have been evaluated based on assumptions that provide bounding and conservative 
conditions. 

Results of,the evaluation of potentialceffects of the presence of repository support 
facilities and restricted area during operation and closure on the park are.detailed in the 
following statements: 

'1. No detectable visual impairment due to atmospheric emissions will occur within the 
park during.repository operation.' 

2. Emissions are not expected to have impacts on any plant species or cryptogamic soil 
crusts within the 'park.  

3. Night skyglow during -repository iopiration will be comparable to that originating: 
from Moab. Repository operation is -expected _to have little impact onlnight sky. 
watching. 	' . 

. No project-related odors are projected to be detectable in the park. 
$; 
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5._ No air-quality emission•or ground shocks from explosives are projected to have any -
detectable impact on geological, archaeological, historical, or cultural resources. 

- 	 ' 
6. Operating noises are projected to be nondetectable at all sensitive areas within'the 

park except the park boundary nearest the site. This area is accessible only by 
foot. These impacts on park uses are not considered significant. 1 .q 

7. Noise impacts to wildlife within the park are expected to be insignificant. 

8. Transportation noises can be mitigated to acceptable levels within the park by 
selecting access corridors which are not aligned with the tark boundary. 

Scenic resources within the park will not be affected. The project site, will not be 
visible from,anrof the key observation points within the park. 0  Each access-route 
alternative has one or more significant visual contrast rating impacts. None of 
these impacts , are'from key observation points= in Canyonlands. National Park. Each 
alternative access route has significant impact from one or more key observation ' 
points. None of these impacts are from key observation points in Canyonlands 
National Park. Significant visual impacts may-occur as viewed from the Davis Canyon 
jeep trail and Utah 211. 

10. All of the park except the moderate and high use zones is being proposed as a 
Wilderness Area. The Wilderness Area, if designated, would also include the Salt 
Creek Archaeological District, and the Old Spanish Trail. TheOld Spanish Trail is 
not proposed as a designated historic trail :. Major' uses of wilderness areas include 
backpacking and primitive, pristine camping .. Solitude would'be protected in all but 
the park boundary area nearest the site during operation. After repository closure, 
there would be no impacts on solitude. 

No significantimpacti to the Colorado!River water supplies are expected. , 'Water can; 
be obtained from current allotments.i - le new allotment:needs are projected for - 
repository. operatioOs , . 	• 	. . 	- . 	. 

12. Surface- .  and ground-water. resources the park wilt' net be significantly impacted i 
by repository .operation* because environmental controls Will be used at the 
facility. 

13. Impacts from increased visitors to the park as - well as 'to archaeological and cul-
tural resources are expected to be directly related to the increased number of 
operations staff. Increased cultural resource damage is expected to be similar to 
that expected from normal'increases in visitation. . 

14. During repository operations, general visitor access to the park would be improved 
up Davis Canyod to the site.'. If a- new road is constructed-fOr facility operations, 
project traffic would not be , shared on Utah 211. -: 

15..!ImpactvfrOarfugitive salt emissions to the park air qUality,-bibtai'soiles, and 
water quality likely will not be detectable because most salt deposition is pro-
jected to occur on site. 

• 
Section 5.5.1.3 contains a . discutsion on the cumulative effect thatragository-related 

activities would have. on park resources. The analysis identified the recreational activities 
available within  areas of Canyonlands National -  Park 'and evaluated' the Areal extent 
and durationoUthe`environmental iMpactsi: SignificentAong-term environmental: impacts would 
result from audible equipment noise and the visual presence of the project.- These long-term 
impacts would be limited to a small portion of the park in Davis Canyon (see Figures 5-30 and 
5-31). 
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Short-term traffic delays during =shift change* and 
potentially disturb park visitors coming to the Needles 
mitigated by scheduling equipment movement when visitor 
scheduled times of peak traffic so visitors-could avoid 
could be eliminated by constructing an exclusive access 
workers. 

moveient'ef - heivy etjuipment'could 
District. This impact COUld'be- 
traffic i ss'iow, 'and by poating4he - :' 

Purtheimore,:the'annoyanCe- -. 
road for the repoiitory and its -- 

Long-term, audible machine noise and the visnal . presence of the repository could also 
potentially diminish the enjoyment derived from in-park activities available in'Davis Canyon.' 
While relatively few people visit Davis Canyon, the opportunity exists for them to view rock 
and desert formations, wild animals, Indian relics, and the stars. They could also come there' 
to get away from people, hike off-trail, climb rocks, camp in "a primitive area or drive an 
off-road vehicle.- Tables 4-460 5-49, - and 5-50 illustrate that Davis Canyon is not unique 
because Upper Lavender Canyon in the Needles District offers the same or similar recreational . ' 
opportunities for park visitors. It is also true that other areas in the Needles, Island-in-' 
the-Sky, and Maze Districts of Canyonlands National Park provide similar activities. 

' The- Canyonlands National Park was established to preserve an -area "possessing superlative 
scenic, scientific, and archaeologicarfeatures for the inspiration, benefit, and use of the ' 
public."' Section 112(e) of the NWPA requiies the DOE to publishgeneral guidelines for 	 - 
recommendations of sites Ler repositodes. The guidelines shall specify "factors'that qualify 
or disqualify any site 	including'factors pertaining to proximity to components of the 
National Park System ..." of which Canyonlands National Park is a part. Legislative history 1' 
of this section indicates that mere proximity of the repository 'and ite concomitant 
environmental impacts on a National Park do not alone' disqualify an area, but that 'such an 
area should be designsted only as a "last resort if none of the other alternative sites ' 
satisfy the essential criteria for a permanent repository" (128 tong. Rec. H8778 [daily ed. ' 
Dec. 2, 1982]). 	 , 

In implementing this statutory provision in the Guidelines, both potentially adverse 
conditions and disqualifying conditions were established. Sections 960.5-2-5(c)(2) ana 13) 
present the potentially adverse conditions and are addressed above. Section 960.5-2-5(d) 
contains the three disqualifying conditions relevant to . this provision of the NM:. -'The 
relates to the acceptability of the environmental impacts associated with all stages of' 
repository siting, construction t 'operation, closure and decommissioning (Section-960.5-2-5 
WM), "Disqualifier One"). As indicated previously, the DOE is of the view that the 
projected environmental impacts are acceptable when balenced against programmatic and 	,* 
technical, social, and economic considerations. 

The Department of Interior -000, however, believes that any envirommental impacts which 
may occur in the Park are "unacceptable" under its statutory mandates and therefore the 
siting, construction, operation, closure; -and decommissioning of a repository would be in 
irreconcilable conflict with those mandates. In its comments, the DOI expressed the view that 
the Davis Canyon site should be disqualified. The DOI has a stated inability, because of its 
statutory mandate, to balance environmental impacts against the DOE's programmatiC objectives 
pursuant to the requirements of the NWPA and other considerations (as the DOE must under the 
Disqualifier One). However, the DOE considers the DOI's comments tolave identified iany 
potentially adverse conditions. These have been mitigated and the residual impacts were 
important elements in our balancing under Disqualifier One. This balancing of.considerations 
has included those environmental impacts' and' impacts on the intangible values'  nentioned by"the 
DOI in expressing its view that repository siting, construction,, operation, closure, and 
decommissioning would be in irreconcilable conflict with its duty to protect the Park. As 
discussed above the DOE has conducted this balancing and has concluded that the impactsare 
acceptable. 

= 	The second:disqualifiei'relates to-whether any part of the restiicted'area or repository 
support facilities would be located within - the bOundaries of a national park --= 
(Section 960.5-2-5(d) (2), "Disqualifier Two"). As also indicated above, , no part of the 
restricted area or repository support facilities'will'be located within Canyonlands National 
Park. 
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Disqualifier Three (Section 960.5-275(d) (3), "Disqualifier Three"), implementing the 
statutory requirement that we specially consider "proximity" to a national parkp provides that, 
a potentialrsite is disqualified . if "the-presence of the restricted area or the repoiitory 
support facilities would , conflict irreconcilably with the previously designated resource' 
preservation use of [CanyonlandsNational Park],',', The previously designated resource • 
preservation use is contained in the Canyonlands National Park Act (16 USC Section 271). 

The test under Disqualifier Three,is different from the test under Disqualifier One. A 
site could be disqualified,under Disqualifier Three even where the project's total 
environmental impacts are found by the DOE, to be acceptable and no part of the restricted area; 
or supportjacilities,are to be located within ;  the Park. In applying Disqualifier Three to 
this site, the DOE carefully evaluated the DOI's discussion of projected impacts and view that 
this site should be disqualified. For the reasons set forth below, after full consideration 
of the DOI's and other pertinent comments,•we have concluded that this site is not currently 
disqualified under Disqualifier Three. 

First, there have been several changes in the proposed project itself which provide 
furtherenvironmental mitigation. 	- 	• 	 The DOI may 
want , to review these changes , and assess their• effect , on' the conclusions they reached based on 
the draft EA. Second, the DOI's specific comments did not address the focus of Disqualifier .  
Three. This disqualifier relates gal! to the resence of the restricted area  (defined at 
Section 960.2) or repository support facilities  defined at Section 960.2) and does not apply 
to site characterizationpor construction. What is required to be considered for 
disqualification of a site under this criterion is whether the "presence of the restricted 
area or repository support,facilities" are, or would be, in irreconcilable conflict with the '  

resource preservation,use of the Park which is established at 16 USC Section 271.. After 
reviewing thei final,EA, the• Dor may, wish, to :  render advice to the DOE as to their view on 
whether the presence of the restricted area or repository support facilities would be an 
irreconcilable conflict with the Canyonlands Authorization Act (16 USC Section 271). 

On the basis of_the DOE's review of available information on projected impacts , to the 
Park from the presence of the restricted area, or repository support facilities, the DOE cannot 
conclude,that the presence of the restricted area and repository support, facilities would be 
in irreconcilable conflict with the previously designated , resource preservation use of the 
Park.y.. The DOE cannot, therefore, say at , this time that the site is disqualified. If, at Any 
time, credible and relevant information comes , to the DOE's attention that demonstrates that an 
irreconcilable conflict would in fact exist, then, the site would be disqualified. 

As discussed in Section 4.3.3, Newspaper Rock State Historical Monument, a protected 
resource, will experience significantjimpacts from noise and traffic. These impacts Ate 
expected to be limited to the site characterization period and the beginning of repoeitory 
construction, and will not extend to the operational phase and will not exist 
from the presence of the restricted area or, support facilities. 

The evidence does not support a finding that the site is• disqualified (Level 1). 

644.6.5 Conclusion for the Qualifying,  Condition. 

, Assessments of what•is known about; the :  site , and affected, area and• the potential impact of 
preclosure repository activities provide reasonable assurance that requirements for the pro-
tection of the quality of environment can be met: at the Davis Canyon sits. 

'41 
Favorable conditions' for environmental quality are not present because of the following: 

1. The DOE cannot project the "ability to meet, within time constraints, all Federal, 
State, , and local procedural and substantive environmental requirements , applicable to 
the site and the activities proposed to take place thereon." 	.. • 

Potential significant adverse environmental impacts cannot be mitigated to an 
insignificant  level by using reasonable measures (Section 6.2.1.6.3). 
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Based on analyses of potential impacts on, air quality, water quality, cultural resources, 
biota, land use, noise, and visual aesthetics, three potentially adverse conditions for the 
environmental quality guideline are present. These potentially adverse conditions are present 
because there may be significant adverse effects due to the following: 

• Elevated , noise levels on portions of Canyonlands National Park, , a proposed 
Wilderness Area, and Bridger Jack Mesa, . a Wilderness Study Area 

• Adverse visual contrasts of railroad corridors from scenic viewpoints outside 
Canyonlands National Park 

• A temporary and reversible significant adverse effect on Newspaper Rock State 
Historical Monument due to increased truck traffic and noise, during site 
characterization 

• A temporary and,reversible adverse effect, on park visitors experiencing some 
inconvenience in driving with construction vehicles to access the park during the .  
-site characterization period (Section 6.2.1.6.4). 

No other potentially adverse conditions are present because of the following: 

1. No major conflicts with applicable environmental requirements are projected. 

2. Air quality impacts will not be perceptible to park visitors and emissions will not 
exceed applicable standards desi*ned to protect human health and to prevent material 
degradations. 

3. No significant adverse effects on Native American or unique cultural,resources are 
projected. , 

• 

. There is no designated 
project ,area. 

critical habitat for threatened or endangered species in the 

None of the:disqualifying conditions,Are present for the environmental quality guide-
lime. This fihding ip reached because of the following:- 	 . 

1.k Ai pc* believes that the quality,of the environment-in the Affected area can be 
ade4utteiy protected, and projected environmental impacts cii,te mitigated to an 
acieitibie degree, taking into atcount programmatic, technical, social, economic, 
and environmental factors.- : - - : - , r-* . ' 

2. No tart 4 the restricted area or repository support facilities lie within federally 
pretected lands. 	' 	- , 	. 	. 

3. tbfvet; itted area and repository support facilities will ilot conflict irreconcil- 
,oP ,  

AO ilat iesource-preservation-use of Federal or State lafids dedicated to resource 
preserva ion (Section 6.2.1.6.5) 4 , t , , t  

, 
Evaluatiiih of Part 2 of the environmental..quality, socioeconomic, and transportation 

/ 

Guidelines 	 'resented in Section ,6.2.2.2 Is This evaluation, indicates that from the 
environment) erspective (and the others) ;the evidence does pat support a finding that the , 	

i site is notLikely to meet qualifying condition 960.5-1(a)(2). 	- j  

The , evidence does not, support a finding that the site, is not likely to meet the quali-
fying condition (Level 3 	 a 	. 	- i 	 -, 

6.2.1.7 Socioeconomic Impacts, Guideline 10 CFR 960.5-2-6 

The objective of the Technical Guideline on socioeconomic impacts is to ensure that any 
significant adverse socioeconomic impacts of repository development can be offset by reason-
able mitigation or compensation. , 	....1 - 

, 	, 
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The evidence indicates that the favorable condition is not present. 
. 

(4) Availability of an adequeteliborforce in the affected area". 
1:7 

670  •'' 

This guideline includes a qualifying'condition, four favorable conditioni, and four. 
potentially adverse conditions - for-analysis. It' also has ,  one disqualifying 

6.2.1.7.1 Statement of Qualifvina Condition: '' 

The site shall be located such that! (1) any-significant adverie social 
and/or economic impacts induCed km communities and surrounding regions* 
repository siting, construction, operation, closure, and decommissioning 
can be offset' by reasonable mitigation or compensation, as determined by a 
process of analysis, planning, and consultation among 'the DOS, affected. 
State and local government jurisdictions, and affected Indian tribes; and 

- (2) the requirements specified in , SectiOn 960.5-1(a)(2) can be met:'' 

Evaluation Process. The evaluation process consisted of (1) establishing baseline condi-
tions with respect to the socioeconomic parameters identified in the guideline, (2) estimating 
total work force requirements for preclosure repOsitory activities, (3) estimating the in-
migrating portion of'the work force and the associated' increase in secondary labor demand, and 
(4) assessing changes in the socioeconomic conditioni attributable to preclosure activities 
and the potential impacts to the projected socioeconomic environment without the repository. 
A summary of the evaluation iivpresented.in'Table 6-2. 	" 

Relevant Data. The existing socioeconomic profile (demography; Libor force, community 
facilities, and other characteristics) of the region is discussed. in Section 3.6 of this docu-
ment. Specific socioeconomic and' other related impacts . from site characterization and reposi-
tory development are discussed in Sections 4.2.2 and 5.4,.respectively: - 

Assumptions and Data Uncertainty. The socioeconomic study area for the Davis Canyon site 
includes San Juan and Grand Counties in Utah. Socioeconomic impact projections are based on 
the current labor force estimates discussed in Section 5.4. Changes in the-level of in-migra-
tion, employment, service needs, fiscal structure, and social structure depend heavily on 
labor force estimates. In addition, the "OHM Population In-Migration Model (Goldsmith, 1984) 
uses population and employment multipliers that are based on current literaturei:other project 
data, and professional judgment. The estimates do not assume any significant measures taken 
to raise the local hiring potential such is training. programs in order to estimate total 
impacts to the study area. Analysis of sotioeionomie impacts are based on existing cOnditiona 
at the site area. A major assumption is that since the delivery of services such as water and 
sewage treatment is related to householdS, there wilt be adequate service ' capacity where:hous 
ing capacity is adequate. 	- 	- 

7 	 4 

Analysis. An evaluation of socioeconomic impacts attributable to repository development 
is presented in Section 5.4. Results of the evaluation are summarized in Table 6-5. 

6.2.1.7.2 Analysis of Favorable Conditions. 

(1) Ability of an iffectidlarea td absorb the prOjectrelated population' 
'changes Without significant disruptions of community services'and without ' 
significant impacts on housing supply and demand.  

Evaluation.. The projected,net"change in - total population within Grind and Sin i Jdan:Coun-
ties is expected-to be ai)proximately4-20'perCent increase - above the baseline- population - du 
ing the peak of-in-migration (see Section-5.4): 'Thisjevel'of regional populatiOn'increaite'ili-
considered to be a significant disruption' to' howling and community servides. .4cCording to T .  c' 
Section 5.4, the number of housing units needed by repository-related households could reach 
1,600 units. Therii are fewer then - half:thia=nOmberof"Units eurrently"ivailabli 7Inthe-study 
area (Section 3.6). As discussed in Section 5.4, considerable development of related 
ity services would need to occur in many communities in these counties. 

: , ? 
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Evaluation. -The•local work force is estimated to account for 19 percent of the required 
peak repository-related work force. This estimate is bated on the assumption that no extra- 
ordinary measures are undertaken to increase local hiring (Section 5.4). Thus a large portion 
of the repository-related work force would be hired from outside the study area. ,  

The evidence indicates - that the favorable condition is not present. 

(3) Projected net increases in employment and business sales, improved 
community services, and increased government revenues in the affected - 
area. 

Evaluation. Employment, business sales; and government revenues in the affected area are 
interrelated because an increase or decrease in any one of these factors will cause a similar-
increase or decrease in the others. If there is a net decrease in these factors, this condi-
tion will not be considered '.a favorable condition. While these factors are also related to 
the quantity of community services made available, the quality of services cannot be 
projected, because whether Or not community services are improved is.a policy issue to be • 

resolved by local officials. 

The projected annual employment growth rate attributed to repository-related activities 
is 3 percent of the total ,  employment in the socioeconomic study area. The peak of repository-. 
related employment is projected to supply work for about 2,000 people with 400 people now in 
the two-county area receiving new employment. Any potential loss of jobs in this economic 
area will:be most likely related to a partial loss of tourism expenditures,. principally- from 
visitors who wanted primarily to visit Canyonlands. National Park.:' Some people may avoid this 
park because they associate It with the repository development. Other major area tourist 
attractions such as Lake Powell, Arches. National Park, and Monument Valley - are not so identi-
fied. Since expenditures associated with Canyonlands National Park visitors are directly 
responsible for about 76 jobs, there will still' be a significant net increase in area V 
employment. 

Direct local material purchases attributable to the repository are projected to average 
about 5.4 million dollars per year during the construction phase. This would result,in an 
estimated 5 percent annual increase in the area's total sales (Section 5.4.2.2.1). This does 
not include the extent of worker purchases in the local economy.: Purchases related to 
Canyonlands National Park visitors in 1983 was estimated to be about 1.1 million dollars per 
year (See Section 3.6.2.4). Therefore, it is anticipated that a significant net increase in 
business sales will result, even if some portion of the expenditures attributed to Canyonlands 
Park visitors is lost. 

•• 	 - 	 . 	 - 	 • 	 • 	 - 

- Construction of the repository will result in an increase 	revenue -from property taxes, 
sales taxes, and user fees. Property tax revenue-will increase in those jurisdictions where 
workers choose to settle, and where residential and, commercial real estate development occurs, 
thus increasing the amount of taxable property. Construction of the repository and related 
salaries will increase the personal income in the area, resulting in greater sales tax 
revenues from this source. Sales tax revenues will also increase from repository supplies 
that are purchased locally. User fees are related to specific Services such as water supply 
or wastewater treatment. With the increase in project-related population, the revenues from 
user fees will increase. Section 5.4.5.1 includes information on intergovernmental transfer 
payments which offset government revenue loss due to the Federal purchase of land and the 
increased' demand for services. These payments will include (1) grants-equal.-to-tax payments, 
(2) impact mitigation funds, and (3) impact planning funds. The actual amounts of tax 
revenues cannot presently be estimated. Because there is no anticipatedloss in local 
revenues, there will be, a -significant net increase in government revenues. 

The evidence indicates that the favorable condition.is present. 
. 	• 	. 	• 	0., 	• 

(4) No projected substantial disruption of - primary sectors ofTthe.economy 
of the affected area. 

-Tr 
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Evaluation. According to 1984 employment statistics, the major sectors contributing• to 
the major employment of the area were (1) retail and service, 31 percent; (2) government, 24 
percent; and (3) mining, 14 percent; disruption to one of these sectors is defined as•a sub. 
stantial net loss of employment in that sector. 1_ 

The repository and related demands for goods and services would not affect those sectors 
exporting products outside the study area. In general, mining would be considered an export-
ing sector because it exports its raw products outside the study area and, therefore, the 
majority of its markets, will be less affected than other local sectors. The demands on local 
government created by new growth should create jobs in the government sector. 

As discussed in Section 3.6.2.4, tourism directly provided the equivalent of 475 person-
years of employment for San Juan and Grand Counties in the combined retail and service 
sectors. This represented approximately 24 percent of the jobs in these sectors. Some of 
these jobs could be lost if potential tourists choose to avoid the area. 

Major regional attractions such as Lake Powell, Arches National Park, and Monument Valley 
are not associated by name with the repository, but Canyonlands National Park is. Because 
Canyonlands National Park is adjacent to the facility, some tourists may choose to avoid the 
park. The total number of direct jobs: associated with purchases made by tourists who had 
Canyonlands National Park as their primary destination was 76 person-years of employment. 
(See Section 3.6.2.4). 

Based on Section 5.4.2, the expected number of local jobs created in the retail and 
service sectors directly related to purchases made by'the project and its workers would 
average 240 person-years of employment , during the construction phase and 230 person-years 
during operation. Therefore, while some jobs related to tourism in the retail and service • 

sectors may be lost, many other: jobs will be created in those sectors because the , repository 
and its workers will be making local purchases. 

The evidence indicates that the favorable condition is present. 

6.2.1.7.3 Analysis of Potentially Adverse. conditions. 

(1) Potential for significant repository-related impacts on community services, 
housing supply and demand, and the finances of State and local government agencies 
in the affected area. 

Evaluation. This condition relates to potential fot significant adverse' impacts. Based 
on the discussion in Section 6.2.1.7.2(1) demand for housing, schools, sewer lines, and other 
services-will be significant. The actual change in revenues and expenditures cannot presently 
be estimated. The communities of-Moab c  Monticello,- and- Blending are projected to. have a'peak 
year (1997) cumtilative growth of 31 percent, 50 percent, and 24 percent respectively (Section 
5.4). The growth rate would occur- over a 6-year period; however, the cumulative growth would 
cause significant impacts. 

The-evidence, indicates that the potentially adverse condition is present.

(2)7Lacklof;an adequate:labor:forte in tha.affected 	. 

Evaluation. a -1.ess. than  20 percenta!therailable repository-related jobs-WilUbe held 
by local residents. 

The evidence indicates that the potentially adverse- condition is preient.. 	:7 

(3) Need for repository-ielited purchase"Or-acquisitionof water rights,. 
if such rights could have significant adverse impacts on the present or 
future development of the; affected area.. - 
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Evaluation. The water requirements for the repository have been identified in Table 5-1 
(Section 5.1.1 	The average repository water requirements during the construction phase, 
would be 0.199 million cubic meters (161 acre feet) per year. The average water requirements 
during the operation phase would be 0.371 million cubic meters (301 acre feet) per year. 

A review was performed to evaluate the water resources of the area and its allied water 
input issues (SCC, 1984). A variety of potential water sources exist in the area.. A likely 
source of the water is the San Juan County Water Conservancy District (SJC-WCD) which has 
jurisdiction over the project site. SJC-WCD has indicated that it would enter into agreement 
for the sale or lease of up to 2,800 acre-feet annually of the waters of the Colorado River or 
one of its tributaries during construction and up to 500 acre-feet of water annually for 
operation of the repository (Nielson, 1984). Other potential sources include purchase or 
lease of existing private water rights along the Colorado liver or one of its tributaries 
(SCC, 1984). One alternative being considered is the consolidation of acquired water rights 
to a single point of diversion of water from the Colorado River downstream of Moab where a 
pumping station and pipeline could be constructed to the repository site. Such a change in 
the authorized point of diversion would be subject to appropriate regulations.  

Because the San Juan Planning Council (1983) expects that the building of two new reser-
voirs in the Blanding and Monticello area will take care of economic development needs and is 
willing to sell or lease part of its appropriation, it is assumed that present development 
will not be adversely affected. There is no expectation that acquisition of repository water 
rights will conflict with-the future development of the region. 

The evidence indicates that the potentially adverse condition is not present. 

(4) Potential for major disruptions of primary sectors of the economy of 
the affected area. 

Evaluation. A favorable condition was shown in part (4) of Section 6.2.1.7.2, therefore 
a major disruption of the primary sectors is not expected. The increase in the retail and 
service sectors of the local economy attributed to the repository and worker purchases vill 
offset a loss of tourism expenditures in the two-county region. 

The evidence indicates that the potentially adverse condition'is not: present. 

6.2.1.7.4 Analysis of Disqualifying Condition. 

A site shall be disqualified if repository construction, operation, or 
closure would significantly degrade the quality, or significantly reduce 
the quantity, of water from:major sources of offsite supplies presently 
suitable for human consumption or crop irrigation and such impacts cannot 
be compensated for, or mitigated by, :reasonable measures. 

Evaluation. No significant effect on the water quality of the Colorado River is expected 
(Section 5.2.2.1). Ground-water quality is to be protected by facility design and protection 
measures (Section 5.2.2.2). Impacts of repository development on water quality are expected 
to be short-term and not significant enough to disrupt the long-term development of , crop irri-
gation and other future development (Section 64.1.7.3). 

The evidence does not support .a finding that the site , is disqualified (Level 1). 

6.2.1.7.5 Conclusion for'the Qualifying Condition. A favorable condition was not , 
present for population growth impacts on housing and local services, and the availability of 
an adequate labor force. .A favorable condition was , found for net increases in local govein-
ment, business sales, disruption of the primary sectors and increased government revenues. 
Lack of housing, community services, and labor were evaluated as being potentially adverse 
conditions. 
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An adverse condition resulting from the repository-related purchase of:water rights was 
not present...lousing:and other services can be provided, under the mitigation prOvisions of —  
the NWPA. : While local labor is inadequate to meet repository needs, mitigation meaSUres, sus.. 
gest that - the effect of this condition can be minimized such that the performance of the' syi-- 
tem will be acceptable. Several ways are available to provide an adequate labor forts for the 
repository while minimizing impacts; Al). take advantage of available skilled labor already in 
the affected area, and (2)train.potential , out-migrants (area unemployed, under-employed, or 
young adults) for , skilled positionsso they can remain in the area. 

The disqualifying condition is not present becaUse it is expected that water supplies ,  
will not be affected and that there will not be impacts to water Oality. 

The evidence does not support a finding that the site is not likely to meet the quali-
fying condition (Levell). 

6.2.1.8 Traniportation, Guideline 10 CFR 960.5-2-7 

The objectivt -of: the transportation guideline is to ensure that proper consideration is 
given to, the transportation of waste to a repository site. This transportation could-affect 
the health and safety.of the public, - the environment, and the cost of waste disposal. The 
guideline requires thssevaluetion of a site's proximity to adequate highways and railroads, 
the characteristics of access routes from existing highways and railroads to the site, the 
costs and other impacts of designing and constructing the access routes, and the impacts of 
transporting waste over the access routes. The guideline indirectly requires consideration of 
proximity to the sources of waste because one of the favorable conditions is stated in terms 
of a comparison of costs and risks among sites. 

This guideline includes a qualifying condition, nine favorable conditions, and four 
potentially adverse conditions for analysis. It does not have a disqualifying conditiOn. 

6.2.1.8.1 Statement of Qualifying Condition. 

The site shall be located such that (1) the access routes constructed from 
existing local highways and railroads to the site (i) will not conflict 
irreconcilably with the previously designated use of any resource.listed 
in 960.5-2(d)(2) and (3); (ii) can be designed and constructed usitg-rea- 
sonably available technology; (iii) will not require transportation system 
components to meet performance standards more Stringent than those speci-
fied in:the applicable DOT and NRC regulations, nor reqUire the develope ,  
ment of new packaging containment technology; (iv) will allow 
transportation operations to be conducted without causing an unacceptable 
risk to the public or unacceptable environmental impacts, taking into 
account programmatic, technical, social, economic, and environmental 
factors; and (2) the requirements of Section 960.5-1(a)(2) can be met. 

_ Evaluation Process.  : Transportation access routes from theJOcal and regional network ,  
were examined to determine viable routes for . repositOry transportition requirements. This -
evaluation process includes an examination of'(1)tonflicts with : protected Federal and compar-
able State lands '  (2) construction methods using available technologies, (3) compliance with 
U.S. Departientof:Transportation (DOT)fand NRC , requirements, (4) potential for - causing 
unacceptable risks to public health and safety, and (5) mitigation of environmental and trans-
portation infrastructUrsimpacts.lIn order to:snsurSthat all Sites were. evalOatedin a•con-
sistent manner, a common set of'criteria was developed by the DOE. These - criteriawert 
quantified ind.also stated in the evaluationApf each guideline, and further discussed in
AppendisA. 

The nationwide sources of waste, along with types and quantities of waste destined foi 
the repository, were estimated and are summarized in Appendix A. Local highway and railroad 
access routes from existing elements of the national tranepOrtation system to the site were 
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identified to examine types of impacts that might be experienced. Where the evaluation 
requires comparison with other sites, the comparison is given in Chapter 7. 

Relevant Data. The existing transportation system in the vicinity of the site is pre-
sented in Section 3.5. A description of the rail and highway access routes (used to evaluate 
the site against the guideline) as well as transportation impacts and transportation route 
adequacy are discussed in Sections 4.2.1.1.0,'4.3.5, 5.1.2.2, 5.3.1, 5.3.2, and 5.3.3. 
Pertinent data used in this evaluation are summarized in Table 6-6. 

/assumptions and Data Uncertainties. Railroad operations assume the switching of cars at 
Crand Junction, Colorado or Helper, Utah on the Denver and Rio Grande Western'(D&RGW) Railways 
and delivery to the Cane Creek branch line which will connect to the repository railroad. The 
highway access route is assumed to connect with U.S. Highway 191 (U.S. 191) which connects 
with Interstate 70 (I-70) on the north and Interstate 40'(I-40) on the south. These routes 
were identified to aid in the assessment of transportatiOn impacts. 

The analysis is based on transportationfacilities and tonditions'existing in 1985. 
Rail and highway traffic volumes and patterns could change by 1998, which in turn could 
require construction of new facilities, abandonments, and changes in maintenance practices and 
physical condition of facilities. It is assumed that repository personnel would operate the 
railroad over track constructed between the site and the existing MOW Cane Creek branch rail 
line. 

Protected Federal and State lands that are near the site and the transportation access 
routes are described in Section 3,4.1. Meteorological data for the area are described in Sec-
tion 3.4.3. Radiological and nonradiological risks to the public health and safety from 
nuclear waste transportation are discussed in Section 5.3.1. 

Cost data are given in 1984 or 1985 dollars as noted. No land-acquisition costs are 
included. The alternative access routes are used only as a basis for assessing the impacts 
associated with nuclear waste transport to the site. Before preferred routes are selected, 
detailed studies and evaluation, and consultation with the State and local officials will be 
required. 

Analysis. The access routes connecting the repository site with the rail and interstate 
highway systems are described in Section 5.1.2.2. The design, engineering, and construction 
of the access routes will employ conventional civil highway and railway-engineering practices. 
No unique technologies are required. Transportation-related construction and operation will 
be carried out in a manner which protects the public health 'and.safety and environmental 
quality. 

6.2.1.8.2 Analysis of Favorable Conditions. 

(1) Availability of access routes from local existing highways and railroads to the site 
which have any of the following characteristics: 

(i) Such routes are relatively short and economical to construct as compared to 
access routes for other comparable siting options. 

(ii) Federal condemnation is not requiied to acquire righti-of-way for the access 
routes. 

(iii) Cuts, fills, tunnels, or bridges are not required. 
(iv) Such routes are free of sharp curves or steep grades and are not likely to be 
affected by landslides or rock slides. 

(v) Such routes bypass local cities and towns. 
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Table 6-6. Site. Transportation Data -Davis Canyon 

Repository- Access Routes New Construction(a) 

Length - Miles 

Toriain'DeserfitiOn 

Number of Tunnels: 

Dumber of Bridges.. 

Mambos of liver/Lake Crossings 

Acquisition of Private Land Required .  

Overall Cost $ Million(a) 

Existing Hiahmav/Riilroad Networli(R) 

Length of Upgrade ‘Milea 

Cost of Upgrade - $Millions (d)  
. 	. 

Distance to Interstate Sighmay/ 
Mainline lailroadfrom Acosta Routs 96 Norch-64 Noth(h) 

. 195 South-173 South 

Transportation Operations -Authorized Svstem(i) 

Total Loaded Vehicle-Miles Traveled Millions 

Life Cycle Cost 	Millions 

Life Cvele Risks  
Non-Radiolosical  
Number of Injuries  
Number of Fatalities 

Radiological-Numberlof LCF's  
Normal. Conditions; 
Accidents 

(a) From Section 5.1.2.2, except as noted. 

Ranges given represent use of Utah 211 upgrade (first number) versus the: ' 
seclusive we access road (second number). . 	- 
Ranges given cover the four alternative rail routes. 

1985 dollars, except as noted; land acquisition costs not included. 

(e) From SCC, 1984. 

(f) From SCC, 1984 (lower numbers) and Martinez, 1985 (higher numbers). 

(g) Utah 211 lane widening, paved shoulders, turnouts, and 3-lane design on 
grades not included. 

(h) From Section 341 North to 1-70 via U.S. 191 and South to 1-40 via. U.S. 191 
666. 

(i) From Section 5.3.1 and Appendix A. 

(b)  

(c)  

(4) 



Route Characteristics  - Finding  

Evaluation.  In application of the guideline to determine the presence of the above 
favorable conditions,• the following criteria have been used: 

(0 Short and economical means less than 16 kilometers (10 miles) and less than 
$10 million are Considered favorable. 

(ii) Acquisition of land for an access route which crosses private land will most 
likely require condemnation proceedings. 

(iii) The need for tunnels or bridges along an access ,route is considered 
unfavorable. However, cuts and fills over generally flat terrain are considered 
insignificant. 

(iv) Generally flat terrain is considered favorable. 

(v) Passing through local cities and Owns is considered unfavorable if the 
population of the city or town in an incorporated area is greater than 2,500 people 
or if the population density is greater than 1,000 people in a 1.6-kilometers-by-
1.6 kilometers (1-mile-by-1-mile) area of the city or town. 

In applying the above criteria, both highway and railroad access-route characteristics 
must be favorable to consider the site favorable with respect to each condition. If any one 
of the alternative routes do not meet the favorable condition, a not present.finding will be 
made. The presence of any one of the five route characteristics is sufficient for a deter-
mination of favorability on the overall group of five. 

At the Davis Canyon site, highway and railroad access routes will be relatively difficult 
to construct because of the rugged terrain. For the exclusive-use highway access route, new 
construction will be relatively longlapproximately 40 kilometers (25 miles)), and also costly 
to construct (approximately $79 million). The railroad access route alternatives range from _ 
61 to 87 kilometers (38 to 54 miles) in length and may cost up to $269 million. Rights-of-vay 
for both truck and rail access routes will cross isolated parcels of private land and Federal 
condemnation proceedings may be required. Numerous cuts, fills, , tunnels, and bridges will- be 
required. Alignments will' include' curves and grades that are operationally acceptable, but - 
sharper and steeper than normally found in flat. terrain.. Special- preCautions will also be 
required for the possibility of rock slides. One of'the alternative rail access routes passes 
through the town of Moab whose population and population density are greater than the criteria 
above. 

Based on the above information, the evaluation-Of access route characteristics is summar-
ized as follows: 

4 	; 

Short and economical to construct 	Not present 
Federal :condemnation not required 	Not present 
Cuts, fills, tunnels, bridges not required. 	, Not. present 
Free of sharp curves and steep grades r: 	-Not present . 
Local cities and towns bypassed 	Not present 

The evidence indicates that the overall favorable condition on access route characteris-
tics is not present. 

(2) Proximity to local highways .and railroads that provide access to 
regional highways and railroads and are adequate to serve the repository 
without significant upgrading or reconstruction. 

Evaluation.  In application of the guideline to determine the presence of this favorable 
condition, the distance from the outer end of the newly constructed access route to the near-
est highway or railroad which: does not need significant upgrading is considered. If such 
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distance is less than 16 kilometers (10 mile') and upgrade cost less than 10 million dollars 
for each of the highway and railroad routes, the favorable condition is present. At the Davis 
Canyon site, significant upgrading of U.S. 191 and possibly U.S. 666 will be required at 
several points over the'430.kilometers (270 miles) between 1-40 and 1-70. Upgraditig'costs may 
range up to 40 million dollars. However, no significant upgrading of the D&RCW existing Cane 
Creek branch railroad is needed. 

The evidence indicates that the favorable condition;is not present. 

(3) Proximity to 'regional highways, mainline railroads, or inland 
waterways that provide access to the national transportation system. 

Evaluation.  In application of the guideline to determine the presence of this favorable 
condition, the distance from the outer end of the newly constructed access route to the near-
est interstate highway and mainline railroad is considered. If such distance is less than 48 
kilometers (30 miles) for both the highway and railroad routes,-the favorable condition is 
present. 

At the Davis Canyon site, the distance from, the highway access route to 1-70 is approxi-
mately 102 kilometers (64 miles) and that from the railroad alternative , access routes range 
from 48 to 58 kilometers (30 to 36 miles). 

The evidence indicates that the'favorabli condition is not present. 

(4) Availability of a regional railroad system with a minimum number: of 
interchange points at which train crew and equipment changes would be 
required. 

Evaluation.  In application of the guideline to determine•the presence of this favorable 
condition, the number of , interchanges expected within the region based on routine deliveries 
in regular freight service from various points in the United States is considered. Inter-
change points are important because radiation exposure,'even though very low, is related to 
railcar stopped time. A radius of 200 kilometers (125 miles) around the potential repository 
site is used to define the "regional , railway system".in which interchange points are counted. 
This is believed to be a large enough area to include the convergence of all major rail lines 
from points throughout the United. States that could be used for nuclear waste traffic. Inter-
change points include points where different railroads exchange cars, where the same railroad 
switches cars on its own system from one train to another, and where crew changes are made. 
The one site with the fewest interchange points• is considered to have the favorable condition 
present. Comparison with other sites is given in Chapter 7. 

Several national rail carriers feed into the Utah-Colorado area but only one rail carrier 
actually would serve the Davis Canyon site. The Denver & Rio . Grande Western: Railroad Company 
(D&RGW) is the only rail carrier offering service between Denver, Colorado and Salt Lake City, 
Utah. Thus, only two route combinations apply to this analysis. These routings would allow 
waste to enter the region from either direction and any shipment origin.. The routes are 
displayed in Table 6-6 along with the type and number ofAnterchange points.per routing. 
Table 6-7 shows that the total number of all interchanges per routing is three, regardless of 
the route actually used. 

The evidence indicates that the favorable condition is not present. 

(5) Total projected life-cycle cost and risk for transportation of all 
wastes designated for the repositotjt site which are' significantly lower.. 
than those for comparable siting -options• considering locations of present 
and potential sources of waste,;interim storage facilities, and other,  
repositories. 
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Table.6-7. Maviar•anyon Railway System-Interchanges ,  
- 	• 

Number of: otentialAnterchangei in 
125-Mile Radius:PerRoutins!: • 

Possible Routes 
='-Inter-
Carrier: 

D&RCW(a)  (Westbound) 
Grand Junction -, 
D&RCW - Thompsentc ,  - DUCW 
Potash i.:RRRO.0 .=-7. 

; r 
D&RCW (Eastbound) • 
Helper - D&RCW-7, 1- 1. 
Thompson = D&RCW 7 Potash! 

. 
(a) • D&R.CW =Denver:ind Rio Crande4leitein 

ERR = Repolitorylail 
(c) Thompson.Interchangn - point nufrentlyluncertainl it may be changed to •'• 

Grand 'Junction in -the ,future: 

• 	'";``: 
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Evaluation.  The estimates of national life-cycle costs and risks associated with nuclear 
waste transport are are summarized in Table 6-6. Regional risks were also estimated and are 
discussed in Section 5.3.1. The purpose of the analyses was to provide conservative estimates 
of the risks and costs. In tfie evaluation of sites against this condition, only one site will 
have the favorable condition present. Comparison with other sites is given in Chapter 7. 

The evidence indicates that the favorable condition is not present. 

(6) Availability of regional and local carriers--truck, rail, and water--
which have the capability and are willing to handle waste shipments to the 
repository. 

Evaluation.  In application of the guideline to determine the presence of this 
favorable condition, the availability of one or more qualified and willing motor 
truck and rail carriers is considered favorable. The primary criteria used for the 
selection of highway carriers are whether the carrier has authority to haul nuclear 
commodities and can offer direct service between nuclear power plant sites and the 
potential repository site. There are two categories of motor carriers which could 
potentially meet these requirements. 

The first category is'speCial commodity , which consists of irregular route 
carriers who have nationwide authority.,These carriers offer specialized service 
for specific commodities., The Interstate7Commerce Commission (ICC) often grants 
operating authority to Offer this service betweenPOlits in moat of the contiguous 
United States. Carriers with authority:.to haul,eithet radioactive materials or 
hazardous materials are automatically included inthis group. Those with authority 
to carry either nuclear components or explOsives are alsoincluded. It is assume d .  
that these carriers would have thiSipeiienii 	ICC CC approval to include 
radioactive materials in their operating authority. Six highway carriers were found 
to have such authority. 

The second category is general commodity, consisting of regular route carriers 
which have authority to serve the town closest to the repository site and also 
authority to serve numerous points in other states. These carriers Meetthir 
criterion of offering direct:. service between numerous states in which nuclear. 
facilities are located and the prospective repository location. ThOse general 
commodity carriers with authority to carry hazardous materialt and which participate 
in the American Trucking AsioCiatioi'(AtA) HazirdoUi - Mater/aii Tariff are included 
in this group. Also carriers whickhgve : a special commoditielvdivision.within their 
organization are included. The assumption here is that.theseitarriers[have-the:: 
experience and equipment necessary tooffer the specialized:service required for:: 
nuclear waste transport and that ICC authority could be obtained for nuclear waste 
since the carrier already has authority to serve the repository location. Two 
highway carriers were found to have such operating authority servicing the region 
under consideration. 

A total of eight highway carriers were identified to have the capability to 
handle waste shipments to the repository. This number may change frequently between 
now and 1998; however, a multiplicity of highway carriers are expected to be 
available. 

The primary criteria for rail carriers are that they be Class I carriers 
(defined by the ICC as having operating revenuds over $50 million annually) and have 
mainline tracks within a 200-kilometer (125-mite) radius of the potential repository 
site. 

4 
There is one Class I railroad which has a,mainline track within the 

200-kilometer (125-mile) radius of the Davis Canyon site. The Denver & Rio Grande 
Western Railroad (D&RGW) provides the primary rail service between Salt Lake City, Utah and 
Denver, Colorado. It is the only carrier serving western Colorado and eastern Utah in the 
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general , vicinity 2of the'ParadOMSasii.--The:D610“hterconnecta'With the ,Union Pacific and 
Southern Pacific serving Westernatates10•Salt .  Lake City. ' From the easii'D&RCW can receive; .  
traffic in Denver or Pueblo, CoIoiedo .4rom'CniOn4ecific,'AtChison, Topeka and Santa Fe 	' 
(ATSF), Burlington Northern (EN), and Missouri Pacific (now a part of Union Pacific). 

.There are -no-naiigable waterways whiCheoild be:Used to directly serve the Davis Canyon 
site and:4Otordingly, water carriers were nOtOonaidered. However, the DOE national trans-
portation Program may eventually includeliarge'tianaiditation (see Section -C.2.4.1) in which 
case water carrier availability,wilarle'considered:' 

In general, highway carriers -lave exPressed:Oaniiderable interest'and Willingnesito 
offer nuclear waste transportation services and several are now actively engaged in,such 
business. The railroads, throUgh their'tradt'assOCiation AiiCiiitiOn of . AmeriCan .Railroads, 
have expressed in the past some reluctance,to haul nuclear waste. However, more recently, it 
is no longer a matter Of .iillingntasi-bUt'a:mattersOf:serices,'Conditiona, and appropriate 
rates which needs;t0'Wresol4edSee -ApPendiX4rfor'more infoiMation On'this sUbject. 

-The -evidence indicates thattheiavOrable-conditiOn is present: 

(7) AbsenceoUlegaliimpediment'with regard - to compliance with Federal 
regulationelor theitransportation of•Waste'in or throUgh the affected 
estate and adjoining atatesi 	, 	- 

"Mvaluation.  * This guideliiefavora6le condition-requires the,  consideration of state or 
local transportation rules or ordinances which are inconsistent withlederaI regulations and 
would be an impediment to transportation of nuclear waste to the repository. 

Since the DOT regulationlof'highway routing of radioadtive materials 49 CFR 177.825 has 
been establishedras•valid -by tht U.S. Supreme Court, the only legal impediment is a State or 
local rule which renders compliance-with 11M-164-impossible but which is found not to be 
preempted under provisions (112[b]) of the Hazardous 14sterials Transportation Act (HMTA) 
(49 USC Sections 1801-1812). If such a finding cannot be made, any State or local rule which 
prevents or seriously impedes compliance'with•49'CFR 177.825 (HM-164) is preempted by the HMTA 
(112(a]). Because State or local laws or regulations restricting the transport of nuclear 
waste that are inconsistent with eithei the HMTA or. the DOT's regulations issued thereunder 
are preempted by the HMTA, such laws or regulations in the affected or adjoining states are 
not considered legal impedimenis; NA more extensive discussion is given in Section C2.4.1. 

• 

The evidence indicates that the favorable condition is present. 

(8) Plans, procedures, and capabilities for response to radioactive waste 
transportation accidents inrthe affeited state that are completed or being 
developed. 

Evaluation. The State of Utah hit brie - comprehensive-plan for responding to all types of 
natural and engineered emergencies. This plan is consistent .siith.the Federal Emergency Man-
agement Agency (FEMA) approach to integiatt-aIl emergency - planning -under one comprehensive 
program. Annex U of the Plan is'entitled Hazardous Materials :(Utah Office of Emergency Ser-
vices, 1977)1" HazardouZ4iterials ate -classified am 'chemical; -biological, explosive, and 
radiological materials for purposes of emergency response. The hazardous material plan covers 
"any situation in which accidental release of hazardous materials occurs," thus including 
fixed facility and tzansportation-incidentir.". 

The Department of Public Safety, Diviiionof'Comprehensive Emergency Managemeni, has 
prime planning responaibility for=hazardous• material spills. : The State Depaitment of Health, 
Division of OccUpational Health•and Radiation:Control provides expertise for radiological 
incidents. 	 '1 D 

• Utah recently • 	taditlOgIcal:rtsponse plan which is separate and-distinct from 
the general hataidous material?respeise:plin%in'4unex U. -SiiCe there are no nuclear power 
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plantain Utah, much, of the ra4iologicalresponseplan:centers upon. tranaportatLon:incidents. 
The .  Utah BUreau.of Radiition Control,,tbeytah Comprehensive Emergency Management - Division,; .;;  

and the Utah Ifthwai Patrol coordinate planning in this document. - 

Finally, in important part of State planning for radiological emergencies is the capabil-
ity to call upon Federal,resourCes., If requestekby the State, key Federatngencies provide 
for State and 1644. it:taste:ice ihrougktheEederal Radiologic al 	Eesponse-Plan, 
(FREE?). (Federal EMergincy Management Agency, :  1984)whicb,Lis discussed_: in more-detail to 
Appendix A. In addition, the DOE will prepare an iMergency preparedness Planjor,thel)ayis 
Canyon repository project in accordance with the DOB Order 5500.3 which will support State and 
local plans. See Section 6.2.1.2.4_for-additional,information i ., 

,• 	. 	: 	- 
The evidence indicates iiit.the fivorible.condition is present.: 

. (9) Aregional meteorological history indicating that . significant . 	-  
transportation disruptions would.not:be routine seasonal,occurrences. 

Evaluation.  The intent of this conditionAs,to,require,consideration : of siwspecific 
weather conditions that could frequently (several times a year) block access to the site for 
significant periods of time (several_. consecutive days)An suci-an.extent :that,the repository 
would not meet its annual waste acceptance rate..:,•Sucka % blockage,to bcoUconcern,,would 
have to occur on the final transportation links from the regional, highways and railroads. For 
the Davis Canyon site, these highway links are U.S. 666 and U.S. 191, and the repository 
access road. Nia,railroads, the, 	Branch Railroad and:connecting repository . 	 . 
railroad.are the connecting 

Based on the meteorological data in Section 3.4.3, the likelihood of weather causing 
significant transportation disruptions ,  is very low. Wintertime,blockage.which occurs- . 
occasionally MI 1-70 in the Colorado area can be accommodated -,by using alternative routings-_ 
which could be specified before shipment departure_from:distant origin points or while 
enroute. These alternative routes include: 	- - 

From the East*.  I 40 to U.S , 666_. to;U.S.. :191 

From the Northwest: I-15to 1-70 to U.S. /91 ,;- i. 

From the Southwest: I-15to 1-.70 to. U.S. 1.91 and I..-15:to 1-40 to UiS. 666 to 
U.S. 191. 

The evidence indicates that the favorable condition is present. 

6.2.1.8.3 Analysis of Potentially Adverse Conditions. 

(1) Access routes to existing local highways and railroads that are 
expensive to construct relative to, comparable siting options. - 

Evaluation.  In application of this guideline condition, a cost of truck or rail access 1 
route greater than $10 million is considered expensive. At the Davis Canyon site, the alter- I 
native exclusive use highway access route ii estimate4 to• cost $79 million and rail access
route may cost up to $269 million.: , 	 ;, 

, 	, 
The evidence indicates that the potentially adverse condition is present. < 

(2) Terrain between the site and existing local highways and railroads 
such that eteep grades, sharp switchbacks, rivers, lakes, landslides, rock, 
slides, or-potential sourcee of hazard-to incoming waste shipments will be! , 
encountered along access routes to the site. 

Bvaluation.-In  application of thivguidelineconditioniLthe presenceof otherthan:gen-
erally flatterrain : ankthe need to across rive ; 	ekeisconsidered-potentially adverse. .;.'  

••• 
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The terrain at the Davis Canyon site is generally rugged; a river crossing will be required, 
and there is a potential for rock , slides. 

The evidence indicates:thatthe.potentiallyadverse-condition is:present. 

(3) Existing local highways and railroads that could require significant 
reconstructionor.opgrading to provide adequate.roUtes to the regional 
national-transportation system. 

Evaluation.  In applicationof this guideline condition, needed upgrading of,either.. 
existinglocal,highways.or railroads which would cost more than:$10.million is considereCsig-
nificant.: At the DavioCanyon.aite,-wgrading -on U.S. 191 and.possibly-U.S.-666.and Utah:211 . 
will be required at a number of points over these routesbetWeen-Ir70'and. I-40. Upgrading.' 
costs are expected to exceed $10 million. However, no significant upgrading of the existing 
D&RGW railroad line will be required. 

The evidence indicates that the potentially adverse condition is present. 

(4) Any local condition that,could cause the transportation-related-costs, 
environmental impacts, or risk to public health and safety from waste 
transportation operations to be significantly greater than those projected 
for other comparable siting options. 	_ 

Evaluation.  The cOSts and related environmental impacts of providing access to the Davis 
Canyon site are significantly.greater than for other. sites. Comparison.with other sites is 
presented in .  Chapter 7. 

The evidence indicates that the potentially adverse condition is present. 

6.2.1.8.4 Analysis of Disqualifying Condition.  The transportation guideline does not 
have a disqualifying condition. 

6.2.1.8.5 , Conclusion for the Qualifying Condition.  Several feasible highway: and rail-
road access routes to thesite have been identified that do not irreconcilably conflict with a 
National Park System, National Wildlife.Refuge System, National Wilderness Preservation Sys-
tem, National Wild and Scenic Rivers System, or National Forest Lands. Based on recent 
studies (Section 5.1.2.2), these routes can be designed and constructed using available tech-
nology. /t is , also believed that existing waste transportation packaging'standards and con-
tainment technology are adequate for operations over these routes; nevertheless, potential 
hazards specific to certain alternative routes will be studied to determine if additional pre-
cautions or controls are , required. A preliminary evaluation of operations over highway and 
railroad access routes, to the site indicates that waste transportation operations can be Con-
ducted over these routes without unacceptable risk to the public or unacceptable environmental 
impacts, and adequate protection of the public and the environment can be provided, during 
both construction of the access routes and operation over those routes. However, additional 
study of alternative' access routes to balance construction costs and environmental impact 
mitigation costs will be carried out during site characterization. Selection of the preferred :  

highway and railroad access routes will intlude participation of State and local Officials. 

The evidence does not indicate that the site is not likely to meet the qualifying condi-
tion (Level 3). 

6.2.2 Preclosure System Guidelines  

As defined in 10 CFR Part 960,'each System Guideline has an associated set of Technical . 
Guidelines. The performance requiremenis that, a repository must satisfy are specified in the 
System Gtidelines. The site conditions representing principal determinants as to whether ,a 
site has the requisite characteristics for latisfyink the performance requirements are defined 
in the Technical Guidelines. 
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In Section 6.2.1, site conditions defined in the Technical Guidelines pertinent to pre-
closure performance assessment and not requiring site characterization were examined indi 
vidually. In this section, 6.2.2, sets or clusters of site conditions are evaluated in the 
context of their interactive and integrated contribution to satisfying preclosure System 
Guideline requirements. 

The preclosure System Guidelines (10 CFR 960.5-1) consist of three parts (960.5-4[4[1], 
[2], and [31). The first two, preclosure Radiological Safety and Environment, and Socioecono-
mics and Transportation, are treated in this Section (6.2.2), because they involve the. Techni-
cal Guidelines not requiring site characterization (see Section 6.0 and 6.1 for explanation). 
The third part of the preclosure System Guidelines is 960.5-1(a)(3), Ease and Cost of Cond.. 
struction, Operation, and'Closure. It includes Technical Guidelines that do require site 
characterization and is addressed in Section 6.3.4. 

6.2.2.1 Preclosure Radiological Safety, Guideline 10 CFR 960.5-1 

For preclosure radiological safety (10 CFR 960.5-1(g)[1]), the pertinent system elements 
are (1) the site-specific characteristic:: that affect radionuclide transport through the sur-
roundings; (2) the engineered components whose function is to control releases of radioactive 
materials; and (3) the people who, becAuse of their location and distribution in unrestricted 
areas, may be affected by radionuclide releases. This guideline is assigned the greatest 
importance among the preclosure system guidelines because it is directed at protecting both 
the public and the repository workers from radiological exposures. 

Although the guidelines specify compliance with regulations "during repository operation 
and closure," the operational phase is interpreted broadly in this analysis to include all 
periods during which radioactive emissions'night occur (i.e., construction and operation). 

6.2.2.1.1 System Guideline Requirements. Part (1) of 10 CFR 960.5-1(a), Preclosure 
Radiological Safety, defines the requirements for preclosure radiological safety as follows: 

Any projected radiological exposures of the general public and any ' 
projected releases of radioactive materials to restricted and unrestricted 
areas during repository operation and - closure shall meet the applicable 
safety requirements-set forth ,  in 10 CFR Part 20, 10 CFR Part 60, and 40 
CFR Part 191, Subpart A (See Appendix II of this part). 

The specific requirements of these regulations are detailed in Section 6.4.1, where they are 
used for comparison with results of radiological analyses for the Davis Canyon site. 

6.2.2.1.2 Evaluation Process. ,  Those system elements pertinent to achieving compliance 
with System Guideline requirements are evalutted as an .:integrated whole system. The evalua-
tion focuseslon potential exposure of the public. Estimated exposure levels are compared with :  

regulations established for protection of health and sifety. A, generic repository design of' ,  
the type likely to be constructed, such as that describediin Chapter 5, was evaluated to 
establishlthe inventory of radionuclides that night be released during construction and opera-
tion. For construction, this consisted largely of naturally occurring radioactive radon and 
related decay products released from entrapment in the mined material. For the operational 
period, a small inventory of radionuclides postulated to result from leakage from damaged . 
spent fuel elements were assessed to be the source term. To estimate concentration levels at 
the- point of release to the atmosphere, these source terms were assumed to be diluted by ven-
tilation air exhaust volume and releases to the atmosphere through the stack. 	. 

Based on a restricted area of approximately 160 hectares (400 acres) . (Figure 3-2), a dis-
tance to the restricted area boundary of 240 meters (800 feet) was estimated. Exposure levels 
to an individual, assumed' to live at the boundarb-were calculated for all potential exposure 
pathways - inhalation, submersion,• and ingestion. MeteorolOgical dispersion of the stack-,  '"•? 
released concentrations was based on estimated meteorologicel , conditions, which reflected poor' 
dispersion characteristics because the micrometeorological characteristics of this site remain 
to be evaluated. 

6-84i 

7 



Potential exposures to the public surrounding the site were estimated using source terms 
and meteorology described above, together with demographic data showing population distribu-
tions in relation to wind directions and distances from the site boundary. 

A set of accidental.events was postulated to cause releases of radionuclides from the 
repository. The consequences in terms of exposures to the paths were evaluated. 

The work force radiological environment will be determined by the amount of radon 
released during the mining operations and the radiation shielding provided for protection from 
the waste packages. Site-specific designs will reflect these considerations. No specific 
analysis has been performed for this EA for the following reasons: 

• 

1. Salt represents a medium much less likely to emit radioactivity than uranium during 
mining. Uranium mining is accomplished within occupational health and safety 
standards. Bence, the feasibility to design mine ventilation systems to prevent 
excess radiation exposures in a salt mine is not a site-suitability issue. 

2. Waste package handling methods will be used to prevent overexposure of individuals. 

Relevant Data. Descriptive information on system elements pertaining to this System 
Guideline can be found in the following sections: 

• Demography (Section 3.6.1) 
• tteteOrology (SectionH3.4.3). 
• Site4oundaries (Section 3.1) 
• Offsite,Installition . (Section 3.6) 
o Facility Design (Section5.1) 
• Source Terme(Sectionl.4.1). 

Data Assumptions and Uncertainties. Results of this analysis should be viewed in the 
context of assumptions and uncertainties set forth below. Additional detailed assumptions. are 
described by Waite et al. (1985, RMI/ONWI-541, Rev. 1). The effect of these assumptions is to 
predict what is believed to represent an upper bound for radiological exposures during the 
preclosure period. 

Principal assumptions are as follows for each of the following topics: 

Source Terms. Source terms have been estimated fora generic' facility design. The 
radionuclides anticipated to be released during construction, before the waste arrives, con-
sist of naturally occurring radon and its decay products. Operational releaseeattributed to 
pin cladding damage during disassembly of spent fuel assemblies. Naturally occurring radio-
nuclides . were assumed to be released from ground level;'operational releases were assumed. to 
occur from an elevated stack. 

• 
Meteorology. 44eteorblogical dispersion parameters for assessing offsite radiation levels: 

from normal_ operations were derived from very conservative assumptioni. For the accident 
scenarios, very pooreleteorological conditions (F Class Stability and . / meter-per-second 
[3.3 feet per second) Wind speed), independent of the site, were conservatively assumed. 

pemooraohv. .Deitogiaphic distribution of data is based on 1980 census information. Such 
data are regionally accurate but do not provide the detail for depicting'the near-site 
setting. 	 . , 	. L 

• 

pacilitv layout. Exact locations'of the ventilation shaft and,stacithave not been estab-
lished. A distance of , 	meters (800 feet) from the boundary of the restricted area4s 
assumed. • 

6.2.2.1.3 Analvsie.. An analysis of the potential radiological impacts'of:preclosure 
repository,activities at the Davis Canyon site is presented:in Section 6.4.1. The results of 
this systems analysis, based on evaluation of the site against the requirements of the System 
and associated Technical Guidelines, are presented in Table 6-8. 

• 
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Table 6-8. Preclosure System Guidelines Not Requiring Site Characterisation, Davis Canyon 

Associated 
System Guideline 
	

Technical Guidelines 
	

Assesiment Results 
	

Finding 

Preclosure Radiological Safety. System 
Guidelines 10 CFR 960.5 -1(a)(1) Qualify-
ing'Coodition defines the requirements for 
loreclosuze radiological safety as follows: 
"Any projected radiological exposures of 
the general public and any projected 
releases of radioactive materials to restric-
ted and unrestricted areas during repository 
operation sad el 	hall meet the 
applicable requirements set forth in 10 CFR 
Part 20, 10 CFR Part 60, and 40 CFR 191, 
Subpart A." 

Population Density 
Distribution 
10 CFR 960.5-2-1 

Site Ownership 6 Control 
10 CFR 960.5-2-2 

Meteorology 960.5-2-3 
Offsite Iastallatiose 

10 CFR 960.5-2-4 

 

The evidence does not support a 
finding that the 	is not likely 
to meet the qualifying collation. 

 

Technical Guidelines: 

 

 

Population Density 6 
Didtribution 
(Sectioa 6.2.1.2) 

The site is located in an isolated, 
low population area. 

 

 

Site Ownership and 
Control 
(Section 6.2.1.3) 

Meteorology 
(Section 6.2.1.4) 

Offsite Installations 
(Section 6.2.1.5) 

Lead for the repository can be 
obtained. 

Me 	logic conditions at the site 
are not known. However, based on 
regional deta, it is anticipated 
that requirements in this guideline 
can be net. 

The site is located well away from 
any offsite installations or opera-
tions. However, there is and has 
been uranium mining and milling 
near the site. 

System Guideline: 

Analysis (Section 6.2.2.3) shows 
that a variety of localized impacts 
will be experienced. These include 
(1) increases in the noise levels 
mostly during site clearing and 
repository construction; and (2) 
changes in localised traffic flow. 

 

 

10 CFR 960.5-1(a)(2) Environment, Socio-
economics, Transportation. System Guide-
line 10 CFR 960.5-1(a)(2) Qualifying 
Condition defines the requirements for 
environment, socioeconomic, and transporta-
tion as follows: "During repository siting, 
construction, operation, closure, and decom-
missioning, the public and the environment 
shall be adequately protected from the hazards 
posed by the disposal of radioactive waste." 

Environmental Quality 
10 CFR 960.5-2-5 

Socioeconomic Impacts 
10 CFR 960.5-2-6 

Transportation 
10 CFR 960.5-2-7 

The evidence does not support a 
finding that the site is not likely 
to meet the qualifying condition 
(Level 3). 

  



Table 6-8. Preclosure System Guidelines Rot Requiring Site Characterisation, Davis Canyon 
(Page 3 of 3) 

Associated 
System Guideline , 	Technical Guidelines 	, 	Assessment Results 	Finding 

There is reasonable basis for . . 
confidence that the System Guideline 
environmental conditions specified 
in 10 CFR 960.5-1(a)(2) can be met. 

Socioeconomic Impacts 	Projected impacts to socioeconomic 
(Section 6.2.1.7) 	sectors could result from needs for 

services imposed on local communi-
ties from in-migration of workers. 
Local housing units and labor force 
supply during peak activity.  .periods 
will be inadequate for repository 
development. Impacts of in- 
migration are reduceable by mitiga-
tion or compensation measures. 

• 
Transportation 	Representative corridor studies 

(Section 6.2.1.8) 	indicate that access roads from 
existing local highways and rail - Y  
roads to the site are possible to 
construct without conflict with fader - 
ally.dedicated lands (10 CFR 960.5-2-5 

and CO), and with available 
technology, both for the roads and 
transport components. Transportation 
risks and costs are higher than at 
Other salt sites. The site is not 
located in proximity to regional 
highways and mainline railroads that 
provide access, to the national trans-
portation system. Terrain in the area 
is rugged and existing local highways 
have steep grades and land-slide 
potential. A crossing of the Colorado 
River is necessary to provide rail access. 

The System Guideline transportation 
requirements defined in 10 CFR 
960.5-160(2) can nominally be met. 

• 
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Table 6-8. Preclosure System Guidelines Not Requiring Site Characterization, Davis Canyon 
' (Page 2 of 3) 

Associated 
System Guideline 	Technical Guidelines 	Assessment Results 	 Tinding 

Environmental Quality 
1Section 6.2.1.6) 

It is unlikely that air-quality, 
noise, and visual impacts can.be 
mitigated to an insignificant 
level. Some inmigration of 
workers can be expected with 
attendant needs for community . 
facilities and support services. 
Socioeconomic impacts can be re-
lieved by mitigating measures. 
Increased payroll and stimulated 
Wales should enhance the economy 
of the affedted areas. 

TeChnical Guidelines: 

Assessments of what is known about r• 
the site and surrounding area and 
the potential impact of preclosure 
repository activities provides a 
reasonable basis for confidence 
that requirements for the protec-
tion of the public and the environ-
ment can be Achieved at the Davis 
Canyon Site. This conclusion 
should be viewed within the context 
of assumptions and data.uncertain-
ties.presented in Section 6.2.1.6.2. 
lespository construction and opera-
tional activities will result in 
releases off site of very small 
amounts of radioactivity, mostly 
from disturbing radon entrapped in 
the mined formations. As a result, 
analyses (Section 6.4.1) indicate 
that radiological health and safety 
requirements can be met with consi-
derable margins. 

Air-quality, noise, and visual 
impacts can be acceptably mitigated 
to prevent significant adverse 
environmental consequences. 



With the exception of meteorological conditions, site chaiacteristics pertinent to pre-
closure radiological safety are favorable. From an integrated system viewpoint, meteorologi-
cal dispersion conditions that could be poor at times are not likely to prevent compliance 
with the radiation protection requirements. Radioactive releases-from a repository'are pre-
dicted to be very small and are expected to more than compensate for the less than favorable 
meteorological dispersion conditions. Modeling results (Section 6.4.1) indicate that no 
member of the public is likely to receive an annual whole-body dose greater than 1.3 millirem 
during the construction period, or-greater than 1.8 millirem in any year during the opera-
tional period. Comparing these Values with regulatory limits (EPA, 1982a, 40 CFR Part 191) of 
25 millirem per year whole body or to approximately 139 millirem per year from natural back-
ground, it appears that a repository can be located and operated at•the'Davis Canyon site'with 
insignificant radiological exposure risks to the public. 

Results of analyses should be viewed in the context of assumptions= and uncertainties set 
for the above. Additional detailed assumptions are described in Waite at al. (1985, 
EMI/WWI-541, Rev. 1). The effect of these assumptions is to predict what is believed to 
represent upper bounds for radiological exposures during the preclosure period. 

6.2.2.1.4 Conclusion for Qualifying Condition.  The evidence does not support a finding 
that the site is not likely to meet the qualifying condition (Level 3). 

6.2.2.2 , Environment, Socioeconomics v and Transportation, Guideline '101 CFR 960.5(a)(2) 

Ranked second in importance in the preclosure System Guideline is environment, socio-
economics, anetransportation (10 CFR 960.5-1(a)(2)). In the final guidelines, the statement 
of this guideline was editorially revised for.simplicity and clarity. ''The pertinent system 
elements will, in general, consist of (1) the people who may be affected, including their 
lifestyles, sources'of income, social and aesthetic values, and community services; (2) the 
air, land, water, plants, animals, and cultural resources in the areas potentially affected by 
such activities; (3) the transportation infraitructure; and (4) the potential mitigating 
measures that can be used to achieve compliance'with this guideline,  

6.2.2.2.1 System Guideline Requirements.  Part (2) of the preclosure System Guideline 
10 CFR 960.5-1(a) defines the requirements for•Environment, Socioeconomic, and Transportation 
as follows:  

I -+ 

During repository siting, construction; operation, closure, and decommis-
sioning, the public and the environment shall be adequately protected from 
the hazards -posed by the disposal of radioactive waste.' 

6.2.2.2.2 Evaluation Process.  The type and nature of activities expected during reposi-
tory siting, construction, operation, and decommissioning were examined for potential effects 
on the quality of the environment and the socioeconomic welfare of communities that might be 
most affected. Such activities included those required to emplace the facility at the site 
and to provide transportation and utility corridors. 

f. 

Environmental implications of these activities were examined with respect to the 
projected ability to comply with applicable Federal and State statutes regulating waste 
disposal, land use, air quality, water quality, ecological resources, noise, historic and 
cultural resources, and radiological protection. 

Radiological hazards= due only to transportation of wastes are evaluated under this System 
Guideline. Radiological hazards from construation, operation, and decommissioning of the 
repository were considered under the preclosure radiological safety guideline 
(Section 6.2.2.1). 

In addition, the effects that physical and human resourcei needed for project development 
might have on social and economic characteristics orpotentially affected communities were 
examined. This included estimates of work-force requirements, direct and indirect in-migra-
tion, and commensurate needs for expanded community services and facilities. 
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Areas of potentially significant impact. 'were then identified and the potential for imple-
menting measures to mitigate those impacts was. assessed. 	: 

Relevant Data.  Descriptive material pertaining to this System Guideline can be found in 
sections as follows: 	 - 

: is, Environment (Sections 3.2.3.3, 4.2.1, 5.2, 5.3.2, 6.2.1.6) 
• Socioeconomics (Sections 3.6, 4.2.2, 5.4, 6.2.1.7) 
• Transportation (Sections 3.5, 4.2.1.10, 5.3.1, 6.2.1.8). 

Assumptions and Data Uncertainty..  The assumptions and uncertainties associated with this .  

System Guideline analysis are reflected in the assumption and data uncertainties section of 
each of the Technical Guidelines that make up the System Guideline (Environmental Quality, 
Socioeconomics, Transportation). The assumptions particularly pertinent to this System Guide-
line analysis include the followings 

1. Impacts of actual repository access routes will be similar to those calculated for 
the alternative routes. 

2. Projections of water availability for repository operations are reasonable. 

3. ,Site-specific surveys will confirm that no threatened or endangered species or 
significant cultural resources will be significantly impacted. 

- 4. In-migration of repository workers will be Similar to actual in-migration at other 
large-scale energy projects. 	" 

5. Existing• shaft sealing technology is sufficient to provide protection of the over-
' 	lying aquifers...  

6. Off site disposal , of salt is a viable option., Salt encrustation provides the pre-
dicted stabilization of the onsite storage pile. 

7. . Fugitive dust emission factors based-on limited offsite measurements, where soil 
characteristics such as silt and moisture content are different from those existing 
at the site, are suitable for modeling TSP impacts. Off site meteorological data 
from Salt Wash Tower are reasonably representative of the site. 

. 	. 	 . 	 .1. 	• 

8. Sound emission levels are accurate to 15 dB. ,..Unfavorable wind and temperature 
gradient effects, which would increase noise propagation toward the park, would be 
an infrequent-occurrence. 	. 	. 	 •: 

:6.2.2.203 ,  Analvsis.,-Impacts of repository-related activities at-the. Davis Canyon, site 
with respect to thaenvironment,:socioeconomics, and transportation were analyzed in Chapters 
4 and 5. Site conditions were compared with the Technical Guidelines (Sections 6.2.1.6,.:• 
6.2.1.7, and 6.2.1.8). 

These analyses showed that the,site conditions are such that most substantial Federal-and 
federally mandated State land, water, and natural resources-environmental protection!  
requirements are likely to be met, but not necessarily within time constraints. 

Environmental concerns addressed in the , impact assessments (Chapters 4 and 5) included 
consideration.of the effects of repository and related transportation and utility corridor , 
development and operations. on the followingt - . • 

• Air quality 
. 	Existing, noise levels. 

. • , Water quality/availability-- 
. 	• Cultural resources, 

• Biota 	. 
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•• Land use 
• Visual aesthetics. 

6.791 

Assessments also address social and economic impacts to communities resulting from popu-
lation in-migration into a rural area., ;  These impacts relate primarily to expanded service and 
facility requirements needed for increased populations,-the costs of providing these infra-
structure needs, and the potential social changes that might result. 

The ,  principal results of these environmental and socioeconomic impact assessments are 
summarised in Table 6-2. Particularly noteworthy results are discussed here. 

_ gir•Quality.  _The area in• proximity to the , site will experience an increase in suspended 
particulate and gaseous emissions during siting v const ction, and operation. However, model-
ing results show that total suspended particulate (TSp)iand nitrogen dioxide (NO2) concentra-
tions t during all phases would be below National Ambient 41r Quality Standards (40 CFR Part 50) 
(HAAQE). Stationary Source emissions are below the leveithat triggers PSD.requirements. 

• 

The visibility analyses utilize . standard EPA vis bility methodologies•and find that the 
plume-Contrast index is,less.than the threshold valueifor visibility impairment. 

Except possibly for brief periods each day during repoiitory construction, construction 
lighting may :  have an impact on night-sky brightness (pkyglow) in the vicinity of the site. 

Clearing, construction, and operation activities pill cause an increase in 
ambient noise levels near the site.. This increase in',noise levels may be heard within Canyon-
lands.NationaLPark. The DOE believes that the noise . impacts are acceptable because noise in 
the park will :be limited'to blasting noise,audible to:,small areas at : the eastern park boundary' 
for only short 'durations during exploratory shaft,:repository shaft, and'railroad 
constructions. ; 	;.; ,•,_ 	. 

-• 	• 	.  
Water Quality.  Construction of shafts to the ufiderground facility will require penetra 

tion of aquifers. Engineering safeguards to prevent -contamination of this water source are a 
recognized.necessity. Existing technology-appears able to_provide protection of these , 
aquifers. Some,local and temporary •increases in sediment load in surface water will occur, 

i but these ncreases will,have only a minor impact on water quality. 
; 	- : 	r " 	' 

Temporary storage nt.minedsalt poses the need.tinminimiee dissolution during -  the storage 
period, and preveption of runoff .and penetratinn to ground water...Practical•engineering 
measures such audouble-lined retention pondi should.preilent,contamination of surface water 
and ground water. .. 	:1 	. 	. 

• .! 
Water Resources.  .The site is located in an area of low:water availability as both 

ground-water and surface-water resources are limited; The DOE has held preliminary discus-. 
signs with-local water coiiervition.districts and plans to Purchase water from existing _  
allotments"of local mUnicipalities; 	•st 	: 

- Cultural Resources.,  It'is felt that direct impiets•oi cultural resources during siting 
and construction can be mitigated. ,Residual indirect, impacts will not result in a loss of 
siinificant - amounts of culture/ resource information. 

- 	 . 	T 
Land ' 

Otte. The area in which the site is locite4 is primarily Bureau of Land . Management 
(BLM) land. This land is used primarily for grazinei • gricu/tural, and recreational activi-
ties which will be replaced by .siteicharacterication.orirepnfitory activities. If the site is 
selected for a repository, DOE will,permanently with4raw thei 	• land from the BIM. t  

Crazing will be affected.10and withdrawal ancf-possibXy by access and utility corridors 
traversing current grazing ;ands.' Grazing.Patterns 4n i4estock'management could be ,' 
disrupted.. Cattle crossings may be provided for s asiiippropiiate..Total removal of the entire 
2,333 hectares (5,760 acres) from grazing ;ii142 comprise,tmay.2.5 percent of,the ELM Indian 
Creek grazing allotment. 



Salt-handling control measures will be used to minimize the deposition of wind-blown salt 
on adjacent lands. Based on the low predicted deposition sites, no significant effects on 
land (rangeland) productivity are anticipated. 

. 	. 	
j 	• .., 	• 	, 	, 	. 	' 	. 	., 	. 	, 	 , 

-- The site will- not:intiUde oWnearby'dedicated lailas.• Ease of traniportation:ACceii tO.' , 	--,..,, 	 ,, 
Newspaper Rock State HistoricalAftnument and CanyonlandANational

. 
 Park will

. 
 be . temporarily ' - 	...... 	. 	. 

affected. 	 . 

Biota. The existing data base inditates that no Unique aquatic qr terrestrial habitat is '  
likely to be significantly affected by the repository. "  

Visual Aesthetics. The overall visual impacts of the'lepository will not be significant 
away from the immediate vicinity of-the:Proposed repository, except along'Utah 211; and from' 
the Davis Canyon Jeep Trail. - .The.surface!facilities will not - be'visible from- any scenic vieir. 
points or key observation Points within Canyonlands National Park. The proposed facilities in 
Davis Canyon will, however, cause a significant adverse visual impact as iiewed - from the upper 
reaches of Davis Canyon within the park.,;These areas are not regarded as keyobservation 
points, are relativeWinaPtessible,'and'receive ilstsall number of visitors. Each of the four 
alternative rail corridors Create significant visual contrast impacts Erma two to three key 
observation points in the area; none of these is inside the park. 

Cumulative Environmental ImpactAto Cinvonlands"National Park. A summary of these 
environmental impacts to Canyonlands National Park was presentpd in Section 6.2.1.6. It was 
determined that potential impaiti on thecPark during repository site characterization include 
shared traffic on Utih 211 (during:site-characterization), increased particUlates and noise at 
the edge of the park; visibility of the-site from Davis'Canyon at the park boundary, night sky' 
brightness, and the potential of nearby industrial development. The impact'of episodic noise 
intrusion on solitude in the park would'be signifinant . but of'short duration over several 
years. During repository operations, all impacts mentioned above will be eliminated or  
reduced in those sections of the park designated for scenic, cultural, or solitude enjoyment 
purposes. 

- 

Socioeconomics.: Available-lab -Or-supplies withincoMmuting distance are expected to be 
insufficient to meet requirementAfer repository-related'activitiei. The,projected"number of ' 
persons (workers and families)' iipected.to in-Migrate-into thwarea during peak employMent - is 
significant. This will result in significant population increases in the rural communities of 
Monticello, Blanding, and Moab. Jeb-trAining programa could ptovide increased opportunities .  
for local employment; thus reducing the number of'persons who night in-migrate.' In  
training for those employed during construction'fot-longer-terntoperation employment could' 
mitigate impacts by stabilizing the construction and operation7phase forces.  

The poPulation increase will , require additional coMmUnityservices andfacilitiei. The 
need for expanded community'seriicei and facilitiesnould result in financial buriens to host 
communities as' increased - revenues from project and worker expenditures may not immedinielybe 
available to finance'these capital expenditures. 

The increased demand•for - labor could reduce local unempioyment but - alio cause competition 
and decreases in`labor available for other sectors of-the economy. Advance -CommuniEY'deielopl.' 
meat planning and financial and technical assistance'an Ieisen the impacts on affected 	- 
communities. Increased tax revenues and business activity will contribute to mitigation in 
the , long 

Significant population increases Will.asil'oaniti-sOcial changes within'communitiss.  . 
Planning for additional protective,. social, And cultural services can Mitigate these changei. -  

.. 
Transportation.  . Some tempoiary disruptiOn-in exfstfng vehicular traffic floi can be' 

expected, and-some localized inconveniences experienced; as thrAconitruction °•na tianipor4' 
tation corridors and upgrading of'otherstoccrirs1"-DePending on the alternative rOad an 
road routes selected .for'the' teiositOrY and "thetine-of year, some threatened and'endangered 
species or their preferred habitats may be affected. 
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Radiological risks due to transportation of Waite appear to-be 	tstimatelAndiciti ,)  
that the maximally exposed individual could receive up to 3 percent Of the normal background 

The potential exists to provide new highway and rail routes that will not disrupt local 
cities and towns. 

6.2.2.2.4 Conclusion for Qualifying Condition:' The evidence does nott-uPpOrt:t:finaing 
that the site is not likely to meet the qualifying condition Pevel 3). 

. 	..• 
Table , 6-8:summarizesthe:evaluatiOni an the findingsrfOr preclosure System:GUidelilies 1 1-- 

not requiring site-characterization. 

6.2.3 Conclusion for - the Qualifying Condition Regarding SUitabilityof the Site for Develop-
. ment as a Repository Under Guidelinesnot:Reouiring -SiteCharacterization  

On - the basis of-the , findingsistated'in the above discuSSiOn ofjndiiridual:gUidelinie"ilot 
requiring-sitetharacteriiition'and made in 'accordance with Aiiendix III-of the siting 
lines, it is concluded that the evidence does not support a fibding that the site is disquali-
fied, and does not support a finding that the , site is, .not lii4Y:toiseet the*alifyingtendi-
tions. Therefore, it is concluded that there is no reason to believe that the site is not 
suitable for site charafterization:for selection of the firstrepository -site.' ,  

. 	. 
6.3 .SUITABILITY OF THE DAVIS CANYON SITE FOR SITE CHARACTERItiATIONI 7- EVALUATIONIGAINST 

GUIDELINES,THAT -MO'REQUIRE SITE CHARACTERIZATION 	L' -  

The purpose of this section is to meet the requirements of Seciion 112 (b)(1)(E)(i) of 
the NWPA by evaluating the site against these guidelines that,require site characterization. 

• - 
,s4 

From the 10 CFR Part 960 definition of site characterization, the factors or information 
needs requiring site characterization have been specified. Thi corresponding Technical 
lines that'address these factors are as follows: 

• 

radiation. 

POstclosure Technical 
- , 10 CFR'960.4-2-1 

CFR 960.4-22 
- 10 CFR 960.4-2-3 
- 10 CFR 960.4-2-4 
- CFR'960.4-2.75 
-'10 CFR 1 960.4-2.4 
0, r10 CFR!960.4.1-7 
- 10 CFR:960.4-24-1 

Guidelines 
-Ceohydrologr. 

7  ' 
 

Geochemistry 
Rock Characteristics 
Climatic Changes 
Erosion 	t 
•issolution. —  
Tectonics 
Human InterferenCe and Natural, 

Resources 7' 

4reclosurerTechnical Guidelines 
10CF1V960.5-2-11 	Surface Characteristics 

- 10 CFR 960.5-2-9 	Rock Characteristics - 
- 10 CFR 960.5-2-10 	Hydrology , 	• 
:10 CFR 960.52.711 !. 	Tectonics. 

The evaluation of the postclosure Technical - Guidelines:AS addressedAn7 Section.6.3.1. 
The preclosilicTechniral - Guidelines are:ivaluated'in. Section 0:3.3.'_The following sections' 
address these Technical Guidelines using currently available-Uformation and assumptions 
inferred from the technical data base. Compliance ofthelsite With the'intent'of these 
guidelines can only be determined adequately with site charaOterization. 

Section 6.3.2 evaluates the Davis Canyon site with regard to the postclosure System 
Guideline. The System Guideline allows comparative evaluations of the sites in terms of the 
capabilities of the natural barriers for waste isolation 'and identifies innate deficiencies 
that could jeopardize compliance with the guidelines. These comparisons are based on the 
technical guidelines under the preclosure and postclosure guidelines. 
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6.3.1 Postclosure Technical Guidelines, 10 CFR 960.4-2 - 	r 	r

• The guidelines in this section specify factors to be considered in evaluating and.compar-
ins sites on the basis of expected repository performance. They refer specifically to those 
characteristics and processes, at or near , the site that will affect the expected performance of 
the repository. 

6.3.1.1. Gtohydrotogy, Guideline 10 CFR 960.4-2-1 , • 
• 

The geohydrologic Technical Guideline is focused on the past, present, and future charac-
teristics of the geohydrologic setting of ssite and their potential' effects on the waste-f 
isolation capability of a site. The most likely mechanism for the release of radionuclides 
from a repository to the accessible environment is' transport by ground water. For this reason 
the geohydrologic conditions at a site must be evaluated on the basis of current understanding. 
of -the geohydrologic setting and potential future changes.  

This guideline includes a qualifying condition, five favorable conditions, and three 
potentially adverse conditions for analysis... It also has one disqualifying condition. 

6.3.1.1.1 Statement of Qualifying Condition. 

The present and expected geohydrologic tatting of a. site shall be compati-. 
ble with waste containment and isolation. The geohydrologic setting, 
considering the characteristics of and the processes operating within the 
geologic setting, shall permit compliance with.(1) the requirements•speci-
fied in Section 960.4-1 for radionuclide releases to the accessible 

'. environment, and (2) the requirements specified in 10 CFR 60.113 for 
.,, radionuclide releases from the engineered barrier-system using reasonably 	, 

available technology. 

,:Evaluation Process. Compliance with the requirements referenced in the qualifying 
condition is addressed by performance assessment analyses described in Sections 6.4.2.4 and 
6.4.2.3.5. The geohydrologic system is evaluated with regard to compatibility with waste 
isolation, especially ground-water travel time from the repository to the accessible 
environment. Further evaluations address the confidence with which existing hydrologic 
conditions can be modeled and the potential for expected changes in the present hydrologic 
system. 

The modeling used for evaluation of the site for.compliancOith,this . qualifying 
condition is based on data obtained from: (1) reviewsUthe literature, (2).analysis of water 
well and petroleum exploration well records, and.(3) drill-stem testing and-laboratory testing 
conducted for the Office of Civilian Radioactive Waste Management-exploration program. These 
data are used to describe the ground-water flov systems and the rock parameters.. These 
parameters include permeability, primary effective porosity, and formation fluid pressures in 
order to determine the paths, amounts, and times for ground-water travel- and associated 
uncertainty. The evaluations and findings are summarized .  in a tabls.at-the endiof 
Section 6.3.1.  

Relevant Data. Description of the regional geolOgy:And.geohydrology in the vicinity of 
the Davia,Canyon:site:isipresented iv Chapter 3.,,These'descriptions are based, on.numerous 
publishectreports,of geologic:and,geohydrologic-investigations t'and. include the following:. 

• Regional. Geology -  (Section- Mal) 	.1  

• Paleoclimate (Section 3.2.2.3) 

• •.. Stratigraphy (Section 3.2.3) - 	- • 
• .. 	: 	 . 	- 	. 

o: Structure and Tectonics (Section4.2.5) .  
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..o -Hydrology with lithologic descriptions of geohydrologic units and hydraulic head' 
•analyses (Section .3.3.2.1) 

- 	Ground Water (Section 3.3:2.2). 

The geohydrologic setting of the site is described in Section 3.3.2. Detailed lithologic 
logs of core from the Gibson . Dome No. 1 (GD-1) borehole, and geologic correlation of a suite 
of , detailed geophysical logs from CD-1 with surrounding boreholes, indicate that thick, 
extensive halite beds are present•at the site (Figure 3-15). No salt dissolution has been 
detected within 10 kilometers (6 miles) of the site (Section 6.34.6). 

The continuous cores from 0-1 display the original lithologies of the salt section: _ 
(Section 3.3.2.1) indicating little or no ground-water movement through the unit since deposi-
tion. Lab tests on core from CD-1 (Thackston et al., 1984, ONWI-491, Table 3-8) show 
effective primary porosities of less than 0.5 percent, and hydraulic conductivities of less 
than 1 x.10-10  centimeterslper second (34 x 10712  feet per second) for Salt Cycle 6, 
supporting the general conclusions reported by the National Bureau- of Standards (Gevantman, 
1981, p..29-31) that the permeability and effective porosity of halite are approximately zero, 
after diagenesis and burial et depths of more than 12 meters (39 feet). Borehole hydraulic 
tests of strata surrounding the potential host rock in CD-1 also revealed low values of 
hydraulic conductivity:(Tables.3-23 and. Figures 3-56 and 3-58). All hydrologic test data 
obtained from CD-1 are discussed in detail in Thackston et al. (1984, ONWI-491). 

In addition to borehole tests in CD-1, available data from wells and springs in the 
candidate area have been obtained, analyzed, and tabulated (Table 3-24, Figure 3-53 and 3-54). .  

Cround-water flow directions and hydraulic gradients have been estimated from , ground-water 
level data, where availableqTable 3-24, Figures 3-62 and 3-63). 

Estimated hydraulic heads (potentiometric levels) and hydraulic conductivities for each 
unit are summarized in Section 3.3.2.1; approximate salinities of the ground water within each 
unit, based on available data, are summarized on Figures 3-55 and 3-57. 

Assumptions and Data Uncertainty.  A principal assumption is that' the geohydrologic 
system, as it is described in the sections cited under - relevant data, is reflective of the 
natural system. ,The uncertainty associated with hydrologic parameters used in the following 
evaluation is described-in Section 6.4.2.3.5. A stochastic ground-water flow model 
(Section 6.4.24.5) is used to predict ground-water travel time'and is one that in particular 
addresses the ,  uncertainty associated with the existing data.-'The model is briefly described 
below. 

Salt permeability is :a function of the permeating fluid, confining pressure, and the type 
and amount of impurities found in the salt deposits. With different permeants and confining 
pressures, the range of salt permeability has been observed to be from 10 -22  to 10-12  square 
meter (10-7  to 103  millidarcy) (Bateman, 1985). The higher range of salt permeabilities was 
derived from tests using permeants such as nitrogen; air mixtures, freon, gasoline, and diesel 
oil. Brine is the natural permeant of concern for a salt repotitory assessment, and for which 
zero to very low permeabilities have been, reported. With brine as permeant, the low perme-
abilties are due to, salt recrystallization and redeposition of.impurities (Aufricht,and 
Howard, 1971, , p.,736). The containment , of brine pockets provides the indirect evidence that 
in situ rock salts are almost impermeable (Baar, 1977). These internal water reservoirs are 
hydraulically isolated (MSHA, 1978; Knauth, 1982); 

In general, the laboratory measured permeabilities are also higher than the in situ 
permeability measurements. Laboratory specimens generally are disturbed and may exhibit 
stress7release fractures,(Gloyna and Reynolds, 1961,'p. 3921). In, situ permeability tests may 
not always reflect undisturbed in situ conditions because of disturbances from drilling or 
mining activities. In drill holes and mines the stress release fractures and salt creep 
resulting from in situ; stress conditions may-cause overestimation of the disturbed-salt 
permeability by many orders of magnitude (Bateman, 1985, p. 19). Some of the higher in situ 
permeability measuremens'when compared to-the laboratory data may result from localized 
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effects Or.inclusions'of:anhYdrite and:shale laYeri in long test intervals . (Tien et al., 1982; 
Stormont, 1984, SAND84-1057). Recent salt permeability tests.show-lower permeability values 
than older tests (Sutherland and Cave, 1978; Blankenship and Stickney, 1983, WWI-19013D 
because of improvements in test sample collection, handling, testing techniques, and higher 
sensitivity of test instruments. 

The salt permeability-range of 10-7  to.10-2  millidarcy is used in the analysis of ground-
water travel time - estimates. This range covers the maximum:observed values:under in situ con-
fining pressures and with brine.as a'fluid permenat. The permeability ranges utilized for 
other layers are based on available regional pirmeabiIiti valuei (measured or interpreted)• for - 
the Paradox Basin. For those layers lacking site-specific data, representative values of a 
generic rock type - are used. The'perMeabilities in all layers are assumed to be log-normally 
distributed. 	• 	- 

.' 	• 

Reiults 	 talks (DSTs) conducted inlustroleum exploration boreholeirara 
principal sourCe:oUdata - in the'analyses :The'Calculation:of permeability ind -poientiometric 
level evalueslrom thiserteitcperformed-to evaluate Compliance with the 	Condition '-.' 
have coniideribleuncertainty. 4  Thetesting technique was developecito indiCate thi presence ,  
or absence of hydrocarbons,and , approximate-reservoir pressures. As Avraiult, the numerical 
values obtained - for4otentiometriC:livals:IrOm the test records may be approximately 61 meters' 
(200 feet) above or belowaCtUal , lialues:'-ibe'accuracy - and , procision of.permeability measure 
meats are also difficult-:to quaitify.TJmgeneral, the'lowest measureable permeability, using: 
the conventional DST technique, is approximately 1 millidarcy (1 x 10 -11  square centimeter). 
Uncertainty in DSrvalues arises from a'Combinition of the following factors:- preisure gage 
errOr,unknoWn'Variations'in:spiCific gravityof theborehole.fluid columni test tool leakage, 
and effects of:drillinuon the hydrologic tharacteristiciroUthelormation tested. Therefore,- 
all petroleum DST results, although . PotentialIy'usefulp-should be viewed as'approximations.' 

Borehole' hydraulic tests performed -- at CD.4:provide-definitiveAata for thatlocation. 
These data -indicate that great thicknesses (550' maters11.800 . feet])-of relatively:imper-- 
meable, fine-grained strata are:priientabove and below - the:proposed-iepOsitOrrhoriton. 
However, exact numerical values of hydraulic conductivity obtained in the short-term borehole 
hydraulietisttat GD-1-are 'still"somewhat uncertain, particularly:for valuelrleWthan 
1 x 1077 centimeters per. second (3:2•x , 1079 feet per second). "BecaUse most of the tests were 
onlrltal days long, thatestresults'represent the characteristics ofmnly'a relatively7 
small volume'of rockneartheboreholi=wall, and therefore, may'notbeftruly representative of 
averageformation:conditions (i:e.p'exact numerical: mean 4alues-for4 - larger-aria or fret

ture-flow). To some degree this limitation applies to-all borehole hydraulic tests. 

To address uncertainties in hydrogeologic parameters, a range of values, based on 
observed. and reported information,-was ! considered. Parametric; distributions (as summarized 
below) , hivejleen sampled-usinivtho.Latin Hyperiube.sampling -techniquelor - 1000reiliiations - 
to estimate' travel time's froM theAiiturbetzoteItothe-accessible environment. 

' 

Th&pressures- utilizedAm evaluitingtha verticathYdraulic gradients are based on obser..- ,  
vationstade atyGibsotvDome'No 	bylThAckston et-Al:11984, OEM7-491).4 The viriation•ii 
travel. paths: s dependent•on observed pressures- in the lower portions of-the Honaker Trail and 
in the"interbedsiOUthe.ParadoxJFOrmationThe'observectvariability produces;both downward: 1  
and:uPwardAOCal hydraUlic gradienti:acroskthe'host ialt..' For these analyses, bothpossibil-
ities:were-used.1  

4 	 .4 	 • 

The total dissolved solids content values for evaporites, interbeds, and deep-brine 
aquifers Were' variedthroughout the analysesi;as described in Section 6.4.2.3.5. .t -  

The horizontal ':hydraulic gradients utilized in the analyses- is tonsidered to vary for 
each layer as described in Section 6.4.2.3.5: -) 

To address:a:loprobabiliti!reltted'to undetected-friCtured tones (OM, 1985)''groUtd-
watet traVatime eitimatestonsidera distribution of minimum' distances' from' thWrepository: 
to surfacitfaulti. •No evidence halvbeen'found , ta support the correlation of these sUrfaie:- 
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features with a zone of increased fracturing or permeability within brittle beds at depth 
(OMNI, 1985). The probability of ground-water paths intersecting a fracture zone is generated 
by randomly locating the centroid of the repository within the spatial distribution of surface 
lineaments. The effective porosity of the fracture zone was decreased by two orders of mag-
nitude resulting in lower travel times. In the fracture zones water is assumed to move 
100 times faster than in the matrix. Calculations representing fracture flow produce the 
lower end of travel times given in Section 6.4.2.3.5. 

For the pre-waste-emplacement ground-water travel time analyses, the following two 
assumptions were made: (1) salt is a porous medium, and (2) the disturbed zone extends upward 
to the base of the interbed overlying Cycle 6 and downward to the top of the interbed underly-
ing Cycle 6. Travel time through the host salt between the disturbed zone and interbed is not 
added to the total travel time to the accessible environment. 

For the analysis of ground-water travel time, only porous media flow is considered. A 
less likely flow mechanism than porous flow is flow through fracture-controlled pathways. 
Extensive zones of such fractures have not been identified at the, site, . however, an analysis 
was made to investigate their possible effects (Section 6.4.2.3.5). - The travel, times 
generated from this analysis are not used in the postclosure geohydrological guidelines eval-
uation. The distances of fracture zones from the disturbed zone were treated probabilis- 	- 
tically such that fractures could occur at the disturbed zone or as much as 5 kilometers 
(3 miles) distant. The fracture zone was always considered to be parallel to the direction of 
flow and to have aquifer parameters so as to increase ground-water velocities 100 times over 
those of nonfractured bede. 

The uncertainty in travel times due to uncertainties in hydrologic parameters is 
described in Section 6.4.2.3.5 along with travel time calculations. From these analyses and 
discussions of uncertainties it is determined that the qualifying condition is met. 

Analysis. The greatest potential for transporting radionuclides from the repository 
horizon to the accessible environment is though ground-water flow. A major reason for select-
ing rock salt as a medium for disposing of radioactive wastes is the absence or extremely low 
rate of ground-water flow in salt. The brine that normally occurs within salt deposits is in 
the form of intracrystalline inclusions, intergranular brine, and brine associated with inter-
bed impurities and chemically bound water (Section 3.2.7). Migration of these different forms 
of brine occurs by various mechanisms. The intracrystalline inclusions tend to migrate under 
the influence of temperature gradients, the intergranuler and interbed brines tend to move in 
response to pressure gradients (Jenks and Claiborne, 1981, ORML-5818; °lender, 1982). The 
temperatures in a salt repository are not expected to reach levels high , enough to mobilize 
chemically bound water (Shefelbine, 1982, kAND82-0152; Section 6.3.1.2). 

As long as the radioactive waste is significantly hotter than the ambient salt 
temperature, the intercrystalline brines will tend to migrate towards the waste package under 
the influence of the temperature of the waste package wall. If the package fails, the radio-
nuclide release rates will be controlled by radionuclide solubilities. When the radioactive 
waste has cooled to near , the ambient salt temperature, the brine accumulated around the waste 
package will migrate away from the package by a diffusion-like mechanism. Calculations of 
radionuclide transport using this mechanism indicate that the EPA standards for releases to 
the accessible environment (40 CFR 'Part 141) are not exceeded. In fact, calculations show 
that radionuclide transport time for 10 meters 133 feet) exceeds 100,000 years 
(Section 6.4.2.4.2). 

• 
_Analyses of 1,000 realizations of hydrogeolOgic7parameterAistribution using-the 

stochastic 'ground-water model (Section 6.44.3.5), indicate a--range of possible travel times- 
and various travel paths from the disturbed zone to the accessible environment. , 

EPA regulatory requirements (40 CFR Part 191) limit the controlled area to a maximum area 
of 100 square kilometers (39:squere.miles).and,a maximum distance.of 5 kilometers 0:miles) 
from-the repository. Site characterization-will identify the distance fromthe repository to 
the controlled area boundary (the accessibleenvironment).. Thusvon the basis of information - 
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available at that time, the size 'and shape of the controlled area could be adjusted to meet 
regulatory requirements. 

Analyses described in Section 6.4.2.3.5 assess ground-water travel time in increments of 
from 1 to 5 kilometers (0.6 to '3 miles). These sensitivity analyses are primarily used to 
provide understanding of 	of ground-water travel times with variable distances to 
the controlled area boundary. The distance from the underground workings to the boundary of 
the proposed controlled area, as presently described, is approximately 1 kilometer (0.6 mile) 
in the downgradient dirction (Figure 3-2). The travel times used for analyzing the geohy-
drology postclosure guidelines are based on 'a travel distance of 1 kilometer (0.6 mile) and 
are reported for calculations using Ismay pressures because these pressures yield the most 
conservative travel times. 

The variation in travel paths is a function of the horizontal and vertical permeability 
of individual lithologic layers and the horizontal and vertical gradient within these layers. 
The pressures used ttcalculate vertical' hydraulic' gradients for ground-water travel time 
calculation are based on observations at GD-r(Thackston et al., 1984, ONWI-491) (Table 3-23). 
Observed pressures in the lower portiots of the Honaker Trail and in the interbeds of the 
Paradox Formation are erratic. The observed variability could indicate either downward or 
upward hydraulic gradients across the host• salt. Ground-water travel time analyses 
(Section 6.4.2.3.5) considered both possibilities (Table 6-9). When downward porous flow is 
considered (Ismay pressure), most particle paths enter the accessible environment via the 
interbed beneath Salt Cycle 6 and travel time to the accessible environment has median and 
mean values of 2.4 x 10 ,  years and 4.1 x 105  years, respectively. For the distribution of 
calculated travel times the median is a measure of central tendency and is more conservative 
than the mean. Many of the conservatism' used in these analyses tend to broaden the travel 
time distribution and to produce some' travel time calculations of less than 10,000 years. 
Even with this conservative analysis 955 of the 1,000 realizations produced travel times of 
10,000 years or greater. 

The following obiervation also supports the likelihood of large travel times. The logs 
from the GD-1 core and other borehole. in the site vicinity indicate no evidence of dissolu-
tion in the site vicinity. 'The absence of dissolution indicates that ground-water circulation 
systems have not been operating in the host rock in the past. Therefore, the expected condi-
tion is that radionuclides would be transported through the host rock by the diffusion-like 
process discussed in Section 6.4.2.4.2 rather than through ground-water flow. Analyses con-
sidering diffusion indicate that radionuclides would travel less than 10 meters (33 feet) 
through salt in 100,000 years. Salt Cycle 6 is approximately 61 meters (200 feet) thick at 
the site. Therefore, it is expected that the salt cycle will contain the waste well beyond 
the first 100,000 years. 

6.3.1.1.2•Analysis of Favorable Conditions. 

(1)-Site conditions such that the pre-waste-emplacement ground-water 
travel time along any path of likely radionuclide travel from the 
disturbed zone to the accessible environment would be more than 
10000 1years 

Evaluation. The geologia evidetce shows that'essentially no ground water has flowectinto 
or through the potential host rock iv the vicinity of thd site since early diagenesis of the ' 
salt deposits. It can be inferred on the basis of this observation that ground-water travel 
times within the host rock could be infinitely long. However, laboratory tests (Gloyna and 
Reynolds, 19611 Aufricht and Howard, 1961; Isherwood, 1981, Vol. 1, p.' 194) have indicated 
that some extremely small movement of fluid may be occurring in core samples of salt during • 

long-term laboratory tests. Sampling disturbance is certainly a factor and cannot be resolved 
until in situ measurements are possible. 

The DOE siting guidelines (10 CFR 960.1) define the accessible environment as the region ,  
outside of the controlled area. The controlled area and its relation to the repository are 
shown in Figure 3-2. The lateral extent of the disiurbed zone it discussed in Appendix 6-A 
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Table 6-9. Particle Exit Layer Distributions for 1,000 Realizations (a)  
of Davis Canyon Local Ground-Water System, 5 Km 
Accessible.Environment, Including.Fracture-Controlled 
Pathwaysta ,  

Ismay 
.-Pressure 

2.0 km 
Repository 

Radius 

Honaker Trail 
• Pressure 
• :2.0 km 

Repository 
' 	Radius 

Elephant Canyon 
Honaker Trail (upper) 
Honaker Trail sandstone 
Honaker Trail (lower) .341 
Ismay 	- .086 
Paradox Salt Cycle 5 
Paradox Salt Cycle 5 interbed .573 
Paradox Salt Cycle 6 interbed .374 
Paradox Salt Cycle 7 
Paradox Salt Cycle 7 interbed .074 
Paradox Salt Cycle '8 interbed .127 
Paradox Salt Cycle 9 
Paradox Salt_Cycle 9 interbed .097 
Paradox Salt Cycle 10 ..001 
Paradox Salt Cycle 10 interbed .109 
Paradox Salt Cycles 13-26 	. .003 
Pinkerton Trail .104 
Molas .043 
Leadville Limestone .068 

Total 1.000 1.000 

(a) Representations of ground-water system by selecting coMbinations of 
geohydrologic parameters. 



and is estimated to be less than 15 meters (50 feet). The shortest horizontal distance from 
the disturbed zone to the accessible environment is seen to be approximately 1 kilometer 
(0.6 mile). In the vertical dimension, the disturbed zone is projected to extend upward to 
the base of the interbed above Cycle 6 and downward to the top of the interbed below Cycle 6. 
This assumption has been made because of the combined uncertainties in the extent of the 
disturbed zone, and the exact vertical placement of the repository horizon. 

Likely flow paths are considered those described by porous flow through layered 
unfractured strata. Unlikely flow paths are those which might be created by fracture zones, 
although there is no evidence that such zones exist. 

Flow calculations using a stochastic ground-water flow model (Section 6.4.2.3.5) 
incorporate the possibility of either upward or downward flow from the host salt bed. The 
model incorporates a wide-range of uncertainties in aquifer.parameters and hydraulic gradients 
(based on field and laboratory data) assuming a porous media flow mechanism. Flow through the 
host salt bed was not considered in these calculations, which were made as if the flow 
initiated in a water-bearing bed above or below the host salt bed. The median and mean 
calculated travel times to the accessible environment at a distance of 1 kilometer (0.6 mile) 
are 2.4 x 105  years and 4.1 x 10 5  years, respectively, using Ismay pressures (most conserva-
tive). Travel times are equal to or exceed 10,000 years for 955 out of the 1,000 realizations 
(a probability of 0.955 that the 10,000 year travel time condition is met). 

The stochastic approach taken in Section 6.4.2.3.5 to evaluate ground-water travel time 
produces a distribution of possible travel times. The distribution results from natural 
variability and uncertainty in the hydrologic perameters. Conservative assumptions built into 
the flow model serve to shift the distribution to lower travel times. The extreme upper and 
lower portions of the travel-time distribution are characteristic of travel times along 
unlikely paths of radionuclide travel, and therefore inappropriate for evaluating this favor-
able condition. The DOB considers this judgement to be consistent with the SRC staff position 
regarding the'ground-water travel-time requirement in 10 CFR Part 60 (Browning, 1985). 

At this stage, the selection of an absolute value for the probability of travel time 
greater than 10,000 years is not warranted. The data base resulting from site characteriza-
tion will permit better parameter estimation with less uncertainty and a more realistic con-
struction of the travel-time model. These improvements are expected to narrow the range of 
travel times sufficiently to allow consideration of an appropriate probability value. 

For the interim, a measure of central value of the travel-time distribution is considered 
appropriate for evaluating the proposed site against the favorable condition. The mean is a 
mathematical approximation of the expected travel time (Davenport, 1970). The median is also 
a measure of central value and, in this case, a more conservative value. For this reason, 
median travel time values, as well as mean values, are used in evaluating this favorable 
condition. In each set of conservative calculations of ground-water travel time 
(Section 6.4.2.3.5), both the mean and median travel times exceed 10,000 years. Therefore, 
for purposes of this evaluation the evidence indicates the favorable condition is present. 

The evidence indicates that the favorable condition is present. 

(2) The nature and rates of hydrologic processes operating within the geo-
logic setting during the Quaternary Period would, if continued into the 
future, not affect or would favorably affect the ability of the geologic 
repository to isolate the waste during the next 100,000 years. 

Evaluation.  The hydrologic processes that may affect the capability of the host rock to 
isolate the radioactive waste are precipitation, evapotranspiration, runoff, ground-water 
recharge, and discharge. The nature and rates of these hydrologic processes will be primarily 
influenced by climate during the next 100,000 years. Climatic changes during the Pleistocene 
are discussed in Sections 3.2.2.3 and 6.3.1.4. 



The effect of climatic change on the rate of ground-water flow through the repository 
host rock was determined to be negligible, because of the lack of evidence that ground-water 
flow parameters have changed during the Quaternary. A change of any significance during 
previous glacial cycles would have resulted in indications that dissolution of the evaporitic 
strata, or at least some evidence of ground-water flow through the evaporites, had occurred. 
(Sections 3.3.2.2 and 6.3.1.6). 

The effect of climatic change on porosity and permeability of the rocks above the salt 
also seems to be small,to almost negligible, based on petrographic examination of CD-1 core, 
and an evaluation of diagenetic products (McCulley et al., 1984, p. 24). Essentially no data 
are available on change in hydraulic gradient caused by past climatic variations. However, by 
making the simple worst case_ assumption that future precipitation rates increase to the point 
that the watertable.reaches ground surface in the Abajo Mountains, the resultant hydraulic 
gradient between the Mountains and the Colorado River is not significantly greater than the 
apparent maximum hydraulic gradient estimated from CD-1 hydrologic'tests. 

The evidence indicates that:the favorable condition is present. 

(3) Sites that have stratigraphic, structural, and hydrologic features 
such that the geohydrologic system can be readily characterized and 
modeled with reasonable certainty. 

. 	. 
Evaluation. The relative simplicity of stratigraphic, structural, and hydrogeologic 

features in the site vicinity makes the task of characterizing and numerically modeling the 
ground-water system, appear to be relatively straightforward. Preliminary numerical models 
representing the primary porosity portion of the bedrock have been successfully applied to the 
region surrounding the site (INTERA, 1984, BMI/OWNI-547; 1985, EMI/ONWI-553; Dunbar and 
Thackston, 1985, , RMI/ONWI-571). However, to address the uncertainties in the hydrogeologic 
parameters, the range of.each:parameter and its distributions was considered as discussed in 
Sections 3.3.2.2 and 6.4.2.3.5. 

The limited data base and the preliminary state of development of the models available at 
present limits their usefulness for site characterization. It is for this reason that the 
geohydrologic systems surrounding the site cannot be considered readily characterized and 
modeled at this time. 

The evidence , indicates that the favorable condition is not present. 

(4) For disposal in the saturated zone, at least one of the following pre-
waste-emplacement conditions exists: 

(i) A host rock and immediately surrounding geohydrologic units with low 
hydraulic conductivities. 

(ii) A downward or predominantly horizontal hydraulic gradient in the 
host rock and in the immediately surrounding geohydrologic units. 

(iii) A low hydraulic gradient in and between the host rock and the immed-
iately surrounding geohydrologic units. 

(iv) High effective porosity together with low hydraulic conductivity in 
rock units along paths of likely radionuclide travel between the 
host rock and the accessible environment. 

Evaluation. This condition has been evaluated as follows: 

1. A low hydraulic conductivity is considered to be less than 10 -6  centimeter per 
second. Hydraulic conductivity (permeability) of the host rock and surrounding 
units is discussed in Section 3.3.2. All available data suggest that the host , rock 
and surrounding strata have low hydraulic condutivities. Subcondition (i) is 
present. 
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2. While the regional vertical gradient between the upper and lower hydrostratigraphic 
units is generally downward across the middle hydrostratigraphic units, the variable 
pressures obierved•at CD-1 (Thackston et al., 1984, ONW1-4911 Table 3-23) indicate  

-that locally upward or downward gradients may be present across individual salt beds 
within the Paradox Formation. The ground-water•analyses considered these 
variations. Subcondition (ii) is not present. 

3. No reliable potentiometric level measurements were obtained in the host rock, so the 
gradient between it and other units cannot be provide& Subcondition (iii) is not 
present. 

Lab tests for CD-1 core (Table 3-23) show that effective primary porosity in the 
Elephant Canyon and Leadville Limestone are higher in general than in other strati-
graphic units, surrounding the host rock, but the hydraulic conductivities are not' 
low. Subcondition (iv) is not present. 	' 

The favorable condition requires that at least one favorable subcondition be present. 
Subcondition (i) is present. 

The evidence indicates that -  the favorable condition is present. 

(5) For disposal in the unsaturated zone, at least one of the following 
. pie-waste-emplacement conditions :exists 

(i) Alow and nearly constant-degree of saturation in the host rock and 
in the immediately surroundingIeOhydrologic.units.. 

(ii) A water table.sUfficiently below the underground facility such that' 
the fully,saturated-voids - continuous with the water table do not 
encounter the host rock. 

(iii) A geohydrologic unit above the host rock that would divert the down-
ward infiltration of water beyond the limits of the emplaced waste. 

(iv) A host rock that provides for free drainage. 

(v) A climatic regime in which the average annual historical precipita-
tion is a small fraction of the average annual potential evapo-
transpiration. 

Evaluation. This condition does not apply because the host horizon is below the water 
table. 

The evidence indicates that the favorable condition is not applicable. 

6.3.1.1.3 Analysis of Potentially Adverse Conditions. 

(1)•1xpected ChangeuinsgeohydrologiC:conditions-4uch as changes in thillydraulic 
gradient, the hydraulic conductivity, the effective porosity, andith&ground-water 
flux through the host rock and the surrounding geohydrologic units--sufficient to 
significantlyAncrease the transport ofradionuclidet.to the aCcessible environment 
as compared with:pre-waste-eMplacementConditiOns. 

Evaluation. Changes in the pre-waste-emplacement geohydrologic conditions as a result of 
natural phenomena are not expected (Section 6.3.1.1.3). Changes related to repository Con 
struction and heat generated by the emplaced waste (Section 6.4.2.3) are not considered in 
this evaluation. -  ":1 ,  

The, evidencwindicates-that the-potentially adveise condition is•not present..': 
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(2) ,The presence of ground-water sources,- suitable for crop irrigation or human con-
gumption without treatment, along-ground-water flow paths from the host rock to the, 

:"-accessible environment..  

Evaluation. No potential ground-water sources are reported orsuspected along ground-
water flow paths (Section 6.4.2.3.5) to the accessible environment because of the high salin-
ity of the ground water iR the Pennsylvanian and older formations, and the Honker Trail 
(Figures 3-55 and 3-57). Additional information on water_quality and water use: can be found 
in Section ,3.3.3.1. 	, • 	- 	" 	:  

The evidence indicates that the potentially adverse condition is not present.:.'_ __• : 

(3) The presence in the geologic setting:ofatratigraphic or structural 
features--such as'dikes,-sills, faults, shear zones, folds, dissolution 
effects,-or brine pockets—if their presence could significantly contrib-

ute to the-difficulty of•characterizing or modelingtheigeohydrologic 
system. 	' 	• - 	: 	• 

Evaluation. Structural ,featurecsuch as faults, folds,, dissolution zones, and brine 
pockets (Sections 3.2.5.1, 3.2.5.4,-3.2.5.6, and.3.2.7.2, respectively).are found within the 
geologic setting, which could contribute to the difficulty of characterizing the geohydrologic 
system. However, because of the distance of known features such as these from the site and 
their:generally wide dispersion within the geologic setting, it is not certain to what degree 
they will 	to the difficulty of characterizing or modeling'the geohydrologic itystem. 

The evidence indicates that the•potentially adverse condition is present. 	1 
1 	 • 

6.3,1,1.4 Analysis of Disqualifying Condition. 	- 	• 

A site shall be disqualified if the pre-waste-emplacement ground-water travel time 
from the disturbed cone to: the accessible environment is expected to be' less than 
1,000 years along any pathway of likely and significant radionuclide travel. 

;valuation. Pre-waste-emplacement ground-water travel time along any path• of likely 
radionuclide travel from the disturbed zone to the accessible environment has-been. estimated 
to require much longer than 1,000 years (Sections 6.3.1.1.2 and 6.4.2.3.5). As summarized in 
Table 6-37, the probability of not meeting the 1,000 year travel time criteria, assuming 
porous flow, is less than 0.003. 	 . 	. 

The evidence does notisupport a finding that the site is disqualified (Level 1). 

6.34.1.5 Conclusion for the Qualifying Condition. 

The site is located such that the present and expected geohydrologic setting is  
compatible with waste containment and isolation. The ground-water travel time through the 
evaporite section and beyond has been conservatively estimated, and is expected to exceed the 
10,000 year , guideline requirement. Median and mean travel times using limey pressures were 
2.4 x105 „ years and•4.1 x 105  years, respectively,: to the accessible environment set at a 
distance of approximately :1 'kilometer (0.6 mile). 

j 

These conclusions regarding travel time indicate that the ground-water conditions at the 
site are compatible with waste isolation. 	• 	 , 

• 
The evidence does peA support, a finding that the site is not likely to meet the qualify- 

in condition (Level 3).  

6,3.1.2.• Geochemistry, Guideline 10 CFR 960.4-2-2 • !."-. 

The objective .of the geochemistry Technical: Guideline",is to ensure that past, present, 
and expected geochemical characteristics of a site are compittible with waste containment and 

• . 

I 	• 	.1, 
i 

n Zit 	ErA el: 1 



the engineeted-barrier syitemse The guideline addresses two 'aspects of thageochiMfOil 
environments- - •1) - the conditions that affect the release of ,  radionuclides•frO1 the engineered-
barrier system and 2) the conditions that affect the subsequent retardation of radionuclide 
migration in the geohydrologic system (e.g., conditions related to radionuclide precipitation 
or sorptiOn and'ihe formation 'of cOmplexeeHor'physical itatea that increase the mobilitiof 
radionuclides). 'j 	-,- '' 	 ; 

7  ' 	. 	:  	. 	 . 	3 	, 	: 	1 	I 

This guideline includes a qualifying condition, five favorable conditioni and 2thiee - 
potentially adverse conditions for analysis. It does not have a disqualifying condition. 

6.3.1.2.1 Statement , o/ Qualifying Condition. 

The present and expecied geochemical characteristics of a site shall be 
compatible with waste containment and isolation. Considering the likely' 
chemical interactions among radionuclides,'the host rock, and the ground 
water, the characteristics of and the processes operating within the 
geologic setting shall permit compliance with (1) the requirements speci- 

	

fied in Section 960.4-1 	radionuclide releases to the accessible 
environment.and (2) the

. 
 requirements specified in 10 CFR 60.113 for 

radionuclide releases from the engineered-barrier system using reasonably 
available technology.  

Evaluation Process. To deiermine whether the qualifying conditions with respect to the 
geochemical characteristics specified in 10 CFR 960.4-2-2 , can be met, relevant data are' 
summarized and evaluated. Evaluations are made regarding whether favorable, potentially 
adverse, and disqualifying conditions exist at the site.' These conditions and findings are 
summarized in Table 6-10. Conclusions drawn with respect to qualification of the site for 
further consideration as a potential repository are presented along with a rationale'for these 
conclusions. Cross referencing is provided to other sections of the report. 

Chemical interactions expected it the host rock are (1) corrosion of the waste'package 
either by brines presently included'in the salt, or brine produced by entry of ground water 
into the repository; and (2) dissolution of radionuclides from the waste form. The geochemi-
cal process of interest outside the host rock is retardation. By this process the transport 
rate of some radionuclides' will/be reduced to less than the flow rate of the ground water. 

Relevant Data Geochemistry data relevant to this guideline are those that describe the 
host salt bed, adjacent strata, and the fluids present in both. Data obtained during pre-
site-characterization studies and generic data are used in the following analyses. The min-
eralogy and chemical composition of salt and adjacent strata, chemicalcomposition of*water in 
the adjacent strata, and fluid inclusions within the salt are discussed in Section 3.2.7. 
Evidence for post-depositional salt dissolution is discussed'in Sections 3.2.5.6 and 6:3.1.6. 
Laboratory corrosion test results for candidate waste package components are provided in 
Section 6.4.2. 

Assumptions and Data Uncertainty. 'Site-specific geochemical information has not' been 
obtained. However', it is assumed that the data from the GD...1 borehole located 5 kilometers 
(3 miles) northeast' Of the the Davis Canyon site will provide information representative of 	, 
the site. For example, the thickness of Cycle 6 interval at the' Davis Canyon site is not 
precisely known. Current estimates are based on its thickness at GD-1 and information from 
geophysical•logs, which 'suggest that Cycle 6 becomes somewhat thinner at the proprosed Ate. 
The carnallite marker bed located in the upper portion of Cycle '6 at GD-1 is also presumed to ' 
be present at the proposed site, but site-specific data on its thickness and chemical and 
mineralogical composition are not currently available. Without site-specific chemical data, 
the brine content of Cycle 6 at the Davis Canyon site must be approximated based on data from 
GD-1. These approximations are based on deliberately over-estimated values of potential brine 
sources (Section 3.2.7.1), in order to avoid undeistating the potential for brine accumulation 
in the waste package environment. Site-specific brine chemisty and corrosion rate data based 
on Paradox brine compositions are also not available. Brine compositions are approiimated by 

6-104 
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. Table 6-10. Postclosure Technical Guidelines Requiring Site Characterisation, Davis Canyon Site 

Stetement of 
	

Guideline 	EA Section 
Technical Guideline 	 Number 	Number 	 Assessment Results 	 Findings 

Geohydrology 
	

960.4-2-1 
	

6.3.1.1 

(a) Qualifying Coalition 

The evidence indicate. 
theta favorable condi- 
time is present. 

The evidence indicates 
that a favorable condi-
tion is p 

The site is expected to meet this condition 
because ground-water travel time to the 
accessible environment greatly exceeds the 
favorable condition of 10,000 years. This 
assessment is made using no adjustment for 
radionuclide retardation. The probability 
of travel tines being less than 10,000 years 
is 0.214 (1,000 trials) at a distance of 
1 kilometer. A median travel time value.of 
120,000 years wasdeternined'uting'Imay 
pressures while combining fracture and 
porous flow. 

- 
The Oreient and,expected geohydrologic 

setting of a site shall be compatible with 
waste containment and isolation. The geohy-
drologic setting, considering the character-
istics of and the processes Nitrating within 
the geologic setting, shall' permit the'comr 
pliance aithJ1)the requiiementi -.Pacified 
in Section 960.4-1 for radionuclide releases 
eo the'aceeesible environment and (2) the 
requiremeCts specified in 10 CFR 60.113'for-
radionuclide Xel  - the engineered 

ch 

	

	barrier system using reasonably available 
technolOgy 

(b) -  FavorabletonditiOns - 

(1)- . Sitecohditionslinch that the pre-
waste-emplacement ground-water travel time 
along - any path of likely radionuclide travel 
from the disturbed sone to the accessible ' 
environment would be more than 10,000 years. 

(2):The'neture and rater of-hydrologic 
pr 	 operating within the geologic set- 
ting during the.Queternary Period would, if 
continued-into the- futurevact affect or would 
favorabiraffect the ability of the geologic 
repository to isolate the waste during the 
next -I00,000 years:" 

(3) Sites that have itratigraphic, 
stru 	1, and hydrologic features such that 
the geohydrologic System Can be readily -char-
acterised and modeled with reasonable certainty. 

(4) For disposal in the sat 	d some, 	_ 
at least one of the following pre-waste-
emplacement conditions exists: 

The evidence does not 
support a finding that 
the site is not likely to_ 
met the qualifying 
condition (Level 3). 	4 -  

The evidence indicates 
that a favorable condi-
tion is not present. 

The evidence indicates 
that a favorable condi-
tion is'p  

Preweste■emplacoment ground-meter travel 
time greatly exceeds 10,000 years. 
The probability of travel times being 
less than 10,000 years if 0.214 (1,000 
trials) at a distance of 1 kilometer. A 
median travel time value of 120,000 years 
was determined using limey pressures while 
combining fracture and porous flow. 

-feasonehly.foreseeable climatic changes are 
not anticipated to be diff  from those 
experienced in the past. These changes are 
not anticipated to have an effect on reposi-
tory performance.. 

Preliminary 	f infOrmation and models 
precludes finding this f 	ble condition 
present. 

Hydraulic conductivities for surrounding units 
are low. 
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; State eat ofd 
Techaiial Guideline 

Guideline 
Number 

Eh Section 
Number Assessmaat Results Windings 

The proposed host reek is within saturated 
zoo; therefore, the condition doss not '  
apply , 

The condition is not 
applicable. 

(i) Al-boat rock and immadfate/y 
-- eurroundicHSeehYdreLeae gaits with'Imi. 
,.hydraulic conductivities. 

(ii) .1 downward or predominantly 
horizontal hydraulic gradientn the host 
rock and in the immediately surrounding 
geohydrologic omits. 

-(iii) A low hydraulitgradientja and r-
hetweeothe host rock .sad the,immediately 

:surrounding geohydrologic units.  

(iv)1Aligh effective porosity together-
with low hydraulic conductivity in rock 
waits Along paths of likely radioauclide 
travel between the host rock and the 

-;ettassible enviroament. 

- ''(5) for disposal in the'uneaturated 
soot at ' least cue of the following pre.waste-
empl:cemenrconditioni -esistf 

(i) A low end nearly coo/taut degree of 
saturation is the host rock and in the 

. immediately surrounding geohydrologic' ,  

(ii) A water table sufficiently below 
the underground facility such that the 
capillary frings does not sem:water the 
host rock. 	- • " 

(iii) Al seehydrologic unit above the 
host rock that would divert the do/award 
infiltration' of water .beyond the limits 
of the emplaced waste. 

(iv) A beet rock that provides for free 
drainage. 

(v) • climatic regime is which the 
average annual historical precipitation 
is a small fraction of the average wail 
potential evapetranapiratios. 

Hydraulic conductivities of the salt sad 
interbode are low., , 

• 
Upward gtedienttage posaibie at the 
repository borisoa. 

• 

The evidence indicates 
that a favorable 
'coolitios is,preseet. 

The evidence indicates 
that a favorable '  
condition is *co present. 

The gradient lob-mein the salt and the 
iuterbods 

The evidence indicates.:.' 
that a favorable 
condition_ia,not present. 

High effective porosity is not ,  
in the iaterbeds. 

The evidence indicates 
that a favorable 
condition is not present. 
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Statement of 
_ 	Technical-Guideline 

Guideline 
Number 

EA Section 
Number Assesement Results' 

. 	_ 
Findings 

(c) Potentially Adverse Conditions  

(1) expected changes in geohydrologic 
conditions--such an changes.in the hydraulic 
gradient, the effective porosity, and the 
ground-water flux through the host rock and 
the surrounding geohydrologic units-- 
sufficient to significantly increase the . 
transport of radionuclides to the accessible 
environment as compared with erewaste-, 
emplacement conditions.  

(2) .  The presence of ground-water 
sources, suitable for crop irrigation or 
human consumption without treatment, along 
ground-water flow paths from the host rock 
to the accessible environment. 

(3) The presence in the geologic setting 
of stratigraphic or structural ,  features --such 
as dikes, sill., faults, shear soseswjeldst, 
dissolution effects, or brine pockets --if 
their presence could significantly contribute 
to the difficulty of characterizing or 
modeling the geohydrologic system.- 

(d),Disqualifyint.Condition  

A site shall be die ualified if the 
pre-waste-emplacement groun -water travel 
time from the disturbed zone to the access-
ible environment is expected to be less than 
1,000 years along any pathway of likely and 
significant radionuclide travel. 

Expected changes pill not significantly 
increase transport. 

AA a result of high Oalinitiei measured in 
ground water along likely flow paths, water 
present is not suitable for-use without 
treatment. 

Stratigraphic or structural features do occur 
within the geologic setting Which could con-
tribute to the difficulty of characterising 
the geohydrologie system. However, because 
of their distance from the site and their 
widespread occurrence within the setting, it 
is not certain to what degree they will con-
tribute to the difficulty of characterising 
or modeling the system. 

Expected preweite-emplacement ground-water 
travel times greatly exceed 1,000 years. 
The probability of travel times being 
less than 10,000 years is 0.214 (1,000 
trials) at a distance of 1 kilometer. A 
wedien - travel-ttmeirstmeof -120,000 years 
was determined using.2amep pressures while 
combining fracture and porous flow. 

The evidence indicates 
that a poteitielly. 
adverse condition is '' 
not present. 

The evidence indicates' 
that a potentially 
adverse condition is 
not present., 

The evidence indicates 
that a potentially 
adverse condition is 
present. 

The evidence does not 
support a finding Na 
the site is disqualified 
(Level 1). 



Assessmeats of the geochamical environment 
and waste package corrosion show that the 
system will contain radionuclides for time 
periods in excess of the requirements under 
expected conditioas. 

Table 6-10. Postclosure Technical Guidelines Requiring Site Characterisation, Davis Canyon Sits 
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Statement of 
	

Guideline 	RA Section 
Technical Guideline 	 Number 	Number 	 Aee•sment Results 	 Findings 

Geochemistry  

(a) Qualifying Condition 

The present and expected geocheaical 
characteristics of a site shall be compatible 
with waste wattles/kat and isolation. Con-
sidering the likely chemical interactions 
snow; radionuclides, the host rock, and the 

c grows' water,. the-  of mod the 
processes operating within the geologic set-
ting shall permit compliance with (1) the 
requirementespecified in Seetiou 960.4-1 for 
radionualidereleases:to the accessible salmi-

.ronmeat and (2) the requirements specified in 
cm 

	

	10 CFR 60.113 for radionuclide releases from 
the engineered barrier system using reasonably 

o 	available technology._ _ 
co 

(b) Favorable Condition 

(1) .The.nature.and rates of the geo-
chemical processes operating within the geo-
logic setting during the Quaternary Period 
would, if continued into the future, not 
effector would favorably 'affect the ability 
of thrgeologirrepositori to isolate the 
vast, during the next 100,000 pampa." 

12) Geocherical conditions that Wean* 
the 	diffusion into the. rock 
Matrix,. or eprptien ef redionnelides; inhibit 
the formationor particulates colloids,' 

Anorganic.complemee.:or.  organic complexes 
that increase th&mobility of radionuclides; 
or-inhibit the treasport.of-radionuclides by 
particulates,,colloids,or complexes. 

(3) Mineral assemblages that when 
subjected to expected repositorY.conditioes,, 
would remain unaltered or would alter to 
mineral **gambles*s with equal or increased 
capability to retard radionuclide transport. 

Salt'dissolution continuing at Quaternary-
rates is not expected to permit ground water 
to reach the repository for considerably longer 
than 10,000 years. The thermal alteration of 
carnallite and other evaporite minerals is not 
expected to adversely affect the ability.of the 
repository to isolate wastes. 

Reducing cooditions will promote the precipi-
tation of many redox-sensitive radionuclides; 
others may fora insoluble sulfate or carbonate 
Minerals. Radiocolliid formation is expected 
to be minimised by the destabilising effects 
of brines. Deep basin brines contain low 

-concentrations of low molecular weight organic 
acids, which are weak complexing agents. 
Radiolysis outdoes may fora additional organic 
species which are not expected to possess 
significant complexatioa characteristics. 

- The halite and anhydrite of the host rock are 
stable, in: the expected repository environment. 
Alteration of carnallite and kieserite is not 
expected to contribute to increased radionu-
clide transport. 

960.4-2-2 
	

6.3.1.2 

The evidence does not 
support A finding it 
the site is not likely 
to meet the qualifying 
condition (Level 3). 

The ricker.. indicates , 
that's  favorable Coodi-', 
tion is present. 

The svideace indicates 
that* favorable condi-
tion is present. 

The evidence indicates 
that a favorable condi-
tion is present. 
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Statement of 
Technical Guideline 

Guideline 
Number 

EA Section 
Number Assessment Results Findings 

, • 	 ■ 

(4) A Combination of expected geocheni - 
cal conditions and a volumetric flow rate of 
water in the host rock that would allow less 
than 0.001 percent per year of the total 
radionuclidt.inventory in the repository at 
1,000 years= to be dissolved. 

(5). Any combination of aeochenical and 
physical - retardation proceseea.that would 
decrease the predicted peak cumulative release 
of radionuclides to the accessible environment 
by a factor of 10 as compared to. those pre-
dicted on the basis of ground-watertravel 
time without such retardation..  

. 	„ 	. 
(c) Potentially. Adverse CouditiOne  

(1) Ground-water conditions in the host 
rock that could affect the solubility or the 
chemical reactivity of the - engineered barrier 
system to the extent .that expected repository 
perforaance.CouICbe Compromised. 

• 	(2) Geochemical processes or conditions 
that could-reduce the -sorption of radio-
nuclides or degrode the rock strength. • 

. (3) Prevaste -emplacement ground-water 
conditions in the host rock that are„ - . 
chemically, oxidising.. 

Rock Characteristics  

(a) Qualifying Condition ... 

The present and expected characteristics 
of the host -rock- end Surrounding units shall 
be capable of accommodating the thermal, 
chemical, mechanical, and radiation stresses 
expected to be induced by repository con- ,  . 
struction, operation, and closure and by 
expected interaction among the waste, host 
rock, ground water, and engineered components. 
The characteristics of and the processes 

The host rock and surrounding units are cap-
able of withstanding -the expected thermal; . _ ..  
chemical, mechanical, and radiological 
stresses following closure. 

The evidence indicates 
that a favorable condi-
tion is present. 

The evidence indicates 
that a favorable condi-
tion is not present. 

The evidence indicates 
that a potentially 
adverse condition is 
not present. 

The evidence indicates.•  
that a potentially 
adverse condition is --. 
not present. 

The evidence indicates 
that a potentially 
adverse condition is 
not present•. 

The evidence does not 
support a finding that 
the site is not likely 
to meet the qualifying 
condition (Level 3). 

960.4-2-3 
	

6.3.1.3 

Meste pockage failure under expected condi-
tions is unlikely. Assuming waste package 
failure at 900 years, it is expected that 
less than 0.001 percent of the one -thousand - 
year waste inventory will be released. 

Clay minerals will promote sorption along the 
expected flow path; anoxic deep basin brines 
will retard the migration of redox-sensitive 
radionuclides. Existing data are insufficient 
to quantify the decrease in peak cumulative 
release, which will be investigated further 
during detailed site characterization. 

In the presence of unlimited volumes of low-
magnesium brine, waste package lifetime is 
expected to exceed 10,000 years. Corrosion 
by limited volumes of either low- or high-
magnesium brine yields a similar. result. -  

Although small insignificant effects may occur, 
sorption and rock strength properties are 
expected to be largely unaltered. 

Geochemical evidence strongly suggests 
-reducing condition. both in the host rock 
as well, in the Leadville Limestone 
Formation below the Salt Cycle 6 host 
horizon. 



The evidence indicates 
that a potentially 
adverse condition is 
not present. 

• 

• 

The evidence indicates 
that a potentially 
adverse condition is 
present. 

Table 6-10. Postcloeure Technical Guidelines Requiring Sits Characterisation, Davis Canyon Site 
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Statement of 
	

Guideline 
	

EA Section 
Technical Guideline 
	

Nuaber 
	

Number 	,Asseasaent Results 
	

Findings 

operating within the geologic setting shall 
permit compliance with (1) the requirements 
specified in Section 960.4-1 for radionuclide 
releases to the accessible savlrenneat and 
(2) the requireaeats set forth in 10 CPR 
60.113 for radionuclide releases from the 
engineered-barrier system using reasonably 
available technology. 

(b) favorable Conditions  

(1) Abode rock that is sufficiently 
thick mad laterally extensive to allow 
significant flexibility in selecting the 
depth,•  configuration, and location of the 
undersround facility to ensure isolation. 

(2) A. boat rock with a high thermal 
comductivity, a low coefficient of thermal 
expansion, or sufficient ductility to seal 
fractures induced by repository construction, 
operation, or closure or by interactions among 
the waste, host rock, ground water, and 
engineered components. 

(c) Potentially Adverse Conditions 

(1) lock conditions that could require 
engineering measures beyond reasonable avail-
able technology for the construction, opera-
tion, and closure of the repository, if such 
measures are necessary to ensure waste 
containment or isolation. 

(2) Potential for such phenomena as 
thermally induced fractures, the hydration 
or dehydration of mineral components, brine 
migration, or other physical, cheaical, or 
radiation-related phenomena that could be 
expected to affect waste containment or —
isolation. 

The propoeed boat rock, Paredes Formation 
Salt Cycle 6, is sufficiently thick and 
extensive to permit flexibility in locating 
the repository workless. 	- 

Salt thereat conductivity is high. Salt 
fractures are expected to heal readily lased 
around the repository after closure. 

Rock conditions are such that available tech-
nology is adequate to design, analyse, con-
struct, and operate the repository. 

Expected repository temperatures will be 
lower than the temperature at which fractures 
could be thermally induced in salt. Under 
expected conditions, brine migration will not 
cause failure of the waste package. however, 
brine migration will result in corrosion of 
the waste package. 

The evidence indicates; 
that a favorable comdi.. 
tion is presest. 

The evidence indicates 
that a favorable ceedi-
ties is present. 



-(1) A surface-water system such•that. ,  
expected climatic cycles over the next 
100,000 years would not adversely affect ,  
mete isolation.., 

• - 
(2) A geologic wetting in which 

climatic changes -have -Dad-little effect on the 
hydrologic system throughout the Quaternary. 

(e) Potentially-Adverse Condition.  
• • 	• 

• (1)- Evidence that the meter table could 
rise sufficiently over the next 10,000 years 
to saturate a previously unsaturated host - rock.' -  

(2) Evidence that climatic changes over 	960.4-2-4 
the next 10,000 yeers could cause perturbations 
in the hydraulic gradient, the hydraulic 
conductivity, the effective porosity, or the 
ground-water flux through the host rock and 
the surrounding geohydrologic units, 

The effects of expected increased precipita-
tion, runoff, and infiltration would be neg-
ligible with respect to waste isolation. 

. 	, 	• 	- 	• 
Quaternary climatic changes are interpreted 
to have had an effect on the hydrologic wri-
tes. Whether these constituted "little 
effect!' is uncertain. 

The proposed heat rock is-within the satur-
ated sone; therefore, the condition does not 
apply. 

6.3.1.4 	Porosity and conductivity along the expected 
flow path, from the proposed -hoet rock'to the 
accessible environment, would not be affected 
by climate. Increased precipitation and 
recharge would increase hydraulic grimness., 
but the effects of maximum rises in hydraulic 

Table 6-10. Postclosure Technical Guidelines RequitietSiti Characterisation, Davis Canyon Site 
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- Statement of 
	

Guideline 	EA Section 
Technical Guideline 	 Number 	Number 	 Asessement Results 	 Findings 

(9) A combination of geologic structure, 
geochenical and thermal properties and hydro-
logic conditions in the host rock :nd 
rounding units such that the heat generated 
by the waste could significantly decrease the 
isolation provided by the host rock as com-
pered with pre-waste-emplacement condition.. 

Climatic Changes  

(a) Qualifying Condition  

The site shall be located where future 
climatic conditions will not be likely to 
lead.to radiesuclide :xelesses greater than 
those allowable under the requirements ,  
specified in Section 960.4-1. 

(b) Favorable Conditions  

Thermomechanical modeling indicates that 
heat generated by. the waste should not signif-
icantly decrease the host rock's isolation 
capabilities. 

Climatic changes are expected to be the same 
as those experienced during the Quaternary. 
The effects on rates of erosion sod salt 
dissolution are encompassed in estimated 
Quaternary rates; these have an insignifi-
cant impact. 

The widowe indicates 
that a potentially 
adverse condition is 
not present. 

The evidence does not 
support • finding TEfit. 
the site is not likely; 
to meet the Unifying 
condition (Level 3). 

The evidence .indicates 
that a favorable ceadi . 
ties is present. 

The evidence indicates, 
that a favorable coeds
ties in not present. 

The evidence indicates 
that a potentially 

- adverse condition is 
not applicable. 

The evidence iedicates 
that a potentially • 
adverse condition is 
net present. 

960.4-2-4 
	

6.3.1.4 



. 	. 
beads in.recharge.ames will have an insignif-
icant effect on ground-water flow. 

The evidence indicates . 
that a favorable condi= 
tiaa is present. 

Table 6-10. Postclosure Technical Guidelines Requiring Site Characterisation, Davis Canyon Sits 
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Statement of 
	

Guideline 	RA Section 
Technical Guideline 	 Number 	Number 	 Assessment Results 	 *Sins 

oufficient to significantly increase-. 
the transport of radionuclides to the 
accessible eavirmmeat. ' - 

Erosion 

(a) -Qualifying Condiiiaa.. 

The site shall alley the underground 
facility to.be placed at a depth such that 
erosional processes acting upon the surface 
Will not be likely to../ead to. radionuclide 
releeme greater than those,allomble under 
the requirements specified in Section 960.4-1. 

-In predicting the likelihood of poten-
tially disruptive erosional processes the 
DOS will consider the climatic tecto:ic, and 
geomorphie evidence of: rates end, patterns of 

Amosion:in,the geologicAmtting during the 
- 40440t4447 period. 

(b) ' P 	bla-. Ceeditions  

(1) : 	conditions that permit the 
emplacement of waste at a depth of at least 
300 meters below the directly overlying 
ground surface.,, 

(2) A geologic setting where-the nature 
and rates °Lehi' erosional processes that have 
been operating during the Quaternary Period 
are predicted to have less than one.cheace lA 
10,000 over the next 10,000 years of leading. 
to releases of radionuclides to the accessible 
environment. 

(3) Site conditions such that waste 
exhumation would not be expected to occur 
during the first one nillion years after 
repository closure. 

Based on projections of Quaternary condi-
tions, no radionuclide releases attributable 
to erosion are expected in less than . a 
million roars. 

Depth of the proposed host rock at the site 
is approximately 885 meters (2,900 feet). 

Incision in the next 10,000 years is pro-
jected to be approximately 4 meters (12 feet). 
Nome, there is no chance of radionuclide 
releases attributable to erosion. 

Projections of 	ge Quaternary conditions 
indicate streams may erode 240 to 400 meters 
(800-1200 feet) in the next one million years. 
Hence, waste could not be exhumed 
during that time. 

The evidence does not' 
support a finding twat 
the sits is not likely 
to met the qualifyint 
conditions (Level 3). 

The evidence indicates 
that a favorable condi-
tion is . present. 

The evidence indicates 
that a favorable condi-
tion is present. 

960.4-2-5 
	

4.3.1.5 
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----Statement of 
	

Guideline 
	

EA Section 
- Technical Guideline 
	Number 

	Number 
	Assessment Results 
	 Findings 

POtaitfalli' Adveria Conditions  
..• 
i letting 

• 	• 
A gielOgd tting that . shows 

4M:deice of extreme erosion Airing the 
Quateriari 	' 

(2) A geologic setting where the nature 
and rates of geomorphic processes that have 
been operating during Quaterniry Period could, 
during the first 10,000 years after Closure, 
adversely affect the ability of the geologic 
repository.to iSolate the west.. 

• 
(d) Disqualifying_Condition  

- 	- 
The site shall be disqualified  if site 

conditions do not allow all portions of the 
underground facility to■ be situated at least 
200 meters below the directly overlying 
ground surface. '. 

Dissolution "  

1(a) Qualifying Condition 

The site shall We v locateg such that any 
subsurface rock dissolution will be likely to 
lead to radionuclide relesees griiter than 
those allowable 'under the requirements `  
specified in Section 960.4-1. 

In prediCting the likelihood -of diesolu-
tion - within - the geologic setting at a site, 
the DOE Will ' consider the evidence of die - 
solutionlwithin . thst.setting during the 
Quaternary Period, including the locations 
and characteristics Of ' dissolution fronts or 
other dissolution featUres, if identified. 

- 	- 	 - 
(b) Favorable Condition  

No evidence that the host rock within 
the site was subject to significant 
dissolution during the Quaternary Period. 

The long-term stream incision rate in the 
site vicinity (0.24 to 0.40 meters ,0.8 to 
1.2 foot. per 1,000 years) is not judged 
to be extreme. 

Projections of Quaternary erosional rates 
indicate that the ability of the site to 
isolate the waste -will not be adversely 
affected by erosion in the first 10,000 
years after closure. 

The host rock is situated at a depth of 
approximately 883 meters (2,900 feet). 

Based on estimated rates of dissolutioo,.it _ 
will not reach the repository - within a period 
considerably longer than 10,000  years.. 

There is no evidence of Quaternary or earlier 
dissolution of the host rock in ' any core or 
geophysical logs from wells near the site. 

The evidence indicates 
that a potentially 
adverse condition is 
not present. 

The evidence indicates 
'that a notentially 
adverse ionditionIX: 
not -present. 

The evidence does not 
support a finding INA 
the site is disqualified 
(Level 1). 

The evidence does not 
support a finding :  Wit ' 
the 'idea is not likely 

"to -left -the ialifyihg •  
condition (Level 3). 

The evidence indicates 
that a favorable condi-
tion is present. 

960.4-2-6 6.3.1.6 

   

• • 	 . 	 ' 



Analyses indicate that the repository will 
remain isolated from dissolution for longer 
than 10,000 years. 

The evidence.does not 
• support Mfindiag fai-
ths site is disqualified 
(Level 1); 

960.4-2-7 
	

6.3.1.7 

There is evidence of significant dissolution 
within the geological setting. 

The evidence indicates 
that a potentially 
adverse coeditioe 
is preseet. 

The nature and rates of Quaternary tectonic 
proc 	 and events show that there is very 
little' likelihood of disruptive tectonic 
events during the next 10,000 years at the 
e. _ ste. -  • 

The evidence does not • 
support a finding I'M" 
the site is not likely= 
to neat thwiTillifying, 
condition (LeveL'3). 

Table 6-10. Poetcloaure Technical Guidelines Requiring Site Characterisation, Davis Canyon Site 
(Page 10 of 13) 

' Statomeat of' 
fachnicarGUideline .  

Guideline 
*weber 

RA Section 
Dumber Assessment Results Finding. 

(c) Poientially'Advers. Conditions  " 1  

'Widens. of significant dissolution 
within the geologic setting--such as breccia 
pipes, dissolution cavities, significant 
volumetric reduction of the host rock or 
surrounding strata,'•or any structural - collapes-- 
such that a hydraulic interconeectiomleading .  
to a loss of waeti isolatioa could occur. ' 

(d) Disqualifying Condition  
_ 	- 

The site shall be disqualified if it is 
likely that, during the first 10,000 years 
after closure, active dissolutiou aa pre-
dicted - on the basis of the geologic'record, 
would result in a lee* of waste isolation. 

Tectonics 

(a)' Qualifying Condition • 

The site shall be located in a geologic 
setting where future tectonic processes or 
events will not be likely to loci to radio-
nuclide releases greater thas those allowable 
under the zaquiremeate specified in 

	

Sorties 960.4•4.-r 	 ' 

In predicting the likelihood of poten-
tially disruptive tectonic processes or 
events,-:tho DOS will consider the structural, 
geophysical, 'end seismic evidence for the 
nature andrates_of tectonic processes and 
events in the =legit - setting diming the 

(b) Favorable Condition  

-- -The .nature sad rates of igaeous activity 
and tectonic processes (such as uplift, 
subsidence, faulting, or folding), if any, 
operating within the geologic setting during 
the Quaternary Period would, if continued into 

No volcaaimbaa occurred at the sits during 
the Quaternary. The nearest Quaternary vol-
roams was more than 127 kilometers (79 miles) 
away. The geologic record indicates that 
tectoeism in the geologic setting has been 

.ibe.avidence indicates__ 
that a favorable condi-
tion is present. 



7 Table 6-10. Postclosure Technical Guidelines Requiring Site Chavecterisationi-Davis Canyon Site 
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_711titesient at 
Technical Guideline 

Guideline 
Number 

EA Section 
Number Assessment Results Findings 

the,future,-have„leii than one chine in,, 
10,000 years-after closure of leading to 
release, of radionuclides to the accessible 

(c) Potentially AdVerse Conditions  

(1) Evidence of active folding, fault-
ing, diapirivs, uplift, subsidence or other 
tectonic processes or igneous activity within 
the-geologic setting during the Quaternary 
Period.  

(2). _Historical earthquakes within the 
geologic settingvf such -magnitudi and 
intensity that v if_theirecutred,:could,affect 
waste coetainment-orlsolation.•• -',7 

(3)--iidicaiions,'bUsid on•correlations , 
of earthquakeiCuith tectonic:processeVand 
features, that,sither-the frequency of 
occurrence or the Magnitude of earthquakes 
within the - geologic setttng may increase. 

. - ":(4)- Note.ftequent occureenceivf 
earthquakes or earthquakes of higher magnitude 
than-areevepresentative of the region in which 
the geologic setting 1.0,1ocated. 	,?, .A 

(5) ,Potential for natural . phenomena sock 
as landslides,. subsidence, or volcanic-activ-
ity of yeah mignitedes.that.therconld create 
large-scale surface-enter impoundments that 
could'ehaUge -.the.tegiesaligioned-wstmor flow 
system. 

(6) Potential for tectonic 
deformations--Immtas uplift, subsidence, 
folding, or faulting—that could adversely 
affect the' regionaltrailed-water flair system:-  

dominated by regional uplift during the 
post ,2 million:to 3 million years. 

The geOlogic record indicates Quaternary 
faulting in the geologic setting. 

There is no historical record of earthquakes 
occurring in the geologic setting with magni-
tudes greater than Ei•4-to S. 

A poseihility exists that, the Shay Grebes fault 
could produce an earthquake - larger then any., 
historic.seismicity. . 

The frequency and magnitude of seismic events 
within the Paradox Resin is less than or com-
parable to that of the central portion of the 
Colorado Plateau. 

rr 	- 

It is'onlikely.that a-largw-imponedment 
should-develop-from naturalArbenomese near, 
the site. -- 	-L 

The geologic record of the -site show little 
evidence that tectonism has affected the 
regional groundwater flow system in the past. 

The evidence indicates' 
that a potentially . 
adverse condition 
is present. 

The evidence indicatei 
that a potentially 
adverse condition 
is not proses!. ' 

The evidence indicates 
that a-potentialli.. 
adverse-condition - 
is present. 

t 

The evidence indicated 
that a potentially 
adverse condition 
is sot present. 	

, - 
The evidence indicates - 
that a potentially 
adverse condition 
is not present. 

The evidence indicates 
that a potentially 
adverse condition 
is not present. 

T ' 
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St/gramme of ! 
_Technic!' Guideline 

Guideline 
Number 

Si Section 
Number YindiMiX 

960.4-2-8-1 	6.3.1.8 

(d)• .Disqualifying Condition 

A site shall, be disqualified if,,based,. 
on the geologic record during the Quaternary_ 
Period, the nature and rates-of fault.mover 
sent oeother grouod motion are expected to be 
such that a loseof-waste isolation is likely 
to occur... - 

Human Interference/Natural Resources  

(e), ,  Qualifying Condition - 

The site shall be located such that-- 
considering permanent markers and records and 
reasonable projections of value, scarcity, and 
technology--the natural resources, including 
ground water suitable for crop irrigation or 
human consumptioa without,treatmest, present 
at or near the site will not be likely to give 
rise to interference activities that would 
lead to radionuclide mammas greater than 
those allowable under the requirements 
specified in Section 960.4-1. 

(b) Favorable Conditions  

(1) No known natural resources that have 
or are projected to have in the f 	able 
future a value great enough to be considered a 
commercially extractable resource. 

, 
(T)_,Ground water mith_10,000 parte per 

million or nore.of total,dissolved solids 
along any path of likely radionuclide travel 
to the' accessible environment. - 

(c) Potentially Adverse Conditions 

(1) Indications that the site contains 
naturally occurring materials, whether or not 
actually identified in such form that 
(1) economic extraction is potentiallY,• 
feasible during the foreseeable future or 

Known or suspected Quaternary faults are 
located a sufficient distance from the site 
that activity on these; features is not 
expected to affect waste isolation. 

Little usable ground water is present at the 
site. The potential for undiscovered hydro-
carbon resources is low, and the potential is 
also low for the occurrence and developeaat, at 
the site, of other mineral resources Lissa-
Usti in the Paradox mein. 

Several natural resources that could be con-
sidered commercially extractable are present 
within the site. 

TDS,(total dissolved solids) concentration* 
along the flow path araapproximately 100,000 
parts per million. 

Retraction of 	1 naturally occurring 
materials has occurred at the site. However, 
uranium and potash resources are lower than 
elsewhere in southimatera Utah. . 

The evidence does not 
support a finding gist 
the site is disqualified 
(Level 1). 

The evidence does not 
support a finding Mt 
the site is not likely 
to meat the qualifying 
condition (Level 3). 

The evidence indicates-, 
that a favorable condi 
tion is not present. • 

The madames indicates 
that a favorable condi-
tion is present. 

The evidence 'militates 
that a potentially 
adverse condition 
is present. 



. 	, 
;There ie'subsurfaie mining near the site. . 
Nowever, it only extendsto,,a maximum depth: 
of 24 meters (80 feet). f' 

ThUevidence indicates 
'that• a potentially 
adverse condition 
is not present. 

''There ire -no known wells at the site that 
penetrate to the depth of the host rock.- 

, 	.. 
,.._ 	. 	 , 	• 	 .  

There are no concentrations of materials not 
Aridely_available from other sources. 

Because of limited potablik giound-ester 	
n. 

resources within and near the site, none of the 
- , hustle Activities identified'in the condition 
*are expected to sdvereely change the ground-. 

meter system. 

, The evidence indicates • 
- , that a potentially 
- adverse condition 

is not present. 
• -• 

Thee - evidence indicates 
that a potentially., 

'adverse coodition - 
is not present. 

The'evidencii•ndicates 
that a potentially 
adverse condition 
is not present. 

_ ,There has beenne' deep mining orsignifictint 
resource-related activity at the site, such 
as to create significant pathways. 

The evidence does not  
support a finding Inf 

`Abe site is disqualified 
- (Level 1). 

There are no presently valuable mineral 
resources in the site vicinity, the recovery • 
of which would lead to an inadvertent loss of 
waste isolation. 

The evidence does not 
support a finding iGat 
the site is disqualified 
(Level 1). 

- Table 6710. Postelosure Technical Guidelines ieqiiring Site Characterisation, Davis Canyon 
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Site 

• Statenent Of' 
Technical Guideline 

Deideliee 	SectionT 
lhsabetF 	'Slumber - Assessment Results Findings 

17 

to, 

(ii) such materials haveia,greeter grime 
value, net value; or coemercial potential than 
the average for other areai,of similar rise 
that are'repreeentative.of, and located in, 
the geologic setting. 	4 

• 

1 , 

(2) Evidence of subsurface mining Or. 
extraction for resources within the site if 
it could affect musts containment or isolation., 

- _ 

(3) :; Evidence of drilling within'tbe site ' 
for any purpose other thin repositorrmite 
evaluation to a'depth sufficient to affict.:-' 
waste containment and isolation. 

to% 	 o 	_ 1 , I 
4.;4 	(4) , Evidence of a ;significant comes-- ,, • 
1-$ 	tration of any neturalli emeritus materiel 

that is Cot widely available from other__ 
. 

' 	 - 

sources. ; 	 • 
• 

(3) :  Potential for foreseeable hewn: . 
activities—such es ground7water withdrawal, -  
extensive irrigation, subsurface injection - of. 
fluids, Underground pumped storage; military --  
activities, or:the construction of large-scale 
impoundments—that could.adastvelychange 
portions-of the groun&woter flow oyster 
Lopertest to waste 

(d) Disqualifying Ceeditioss. 

Asite shall be disqualified  if 
. • 	. 

(1) PrweiOus exploration, mining, ar 
extraction activitiet -for resources of com-
mercial importance at the siterhave - crested 
significant pathways betimes the projected 
underground facility and - the accessible:, •! 
environment; or 

(2) Ongoing or likely future activities 
to recover presently valuable natural mineral 
resources outside the controlled area would 
be expected to lead to an inadvertent loss of 
waste isolation. 
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the WIPP Brine A, for which overpack corrosion rates have been measured. Furthermore, the 
performance assessment calculations in Section 6.4.2 use conservative assumptions: that result 
in shorter calculated, lifetimes of the waste package and greater calculated radionuclide 
releases than the expected values. 

I 
Analysis.  The Cycle 6 host horizon contains small amounts of intergranular and fluid-

inclusion brine as well as water that is present in hydrous mineralogical phases such as clays 
and carnallite. In general measured water contents of, the salt are less than 0.530 weight 
percent; however, in zones containing hydrous evaporites the water content can be:much higher 
(Bite, 1983; Conner, 1983). Based on conservative calcutations of mean water contents of 
Cycle 6 halite, clay, and carnallite, the maximum amount of brine available, for migration 
toward and corrosion of the waste package is estimated to be 4.7 volume percent and is 
expected to be significantly less under_expected,repository thermal conditions (Sec- 
tion 3.2.7.1). The 4.7 volume percent . brine value is based on the following conservative 
estimates: 

0.5 average weight percent water in Cycle 6 halite 

1.0 average weight percent clay in Cycle 6strata:(Weaver et al.; 1982; Hite, 
1983; Padan et al., 1984). and 15.0 weight percent water in Cycle 6 clay (Weaver 
et al., 1983; Padan et al.,4984; Conner, 1983). 

1.26 average weight percent water from carnallite (total theoretical yield at 
200 C [363 F] Hite, 1983). 

The performance assessment calculatiOns conservatively assume 5.0 volume percent brine (Sec-
tion 6.4.2.3.2). The brine is expected; to be a high-magnesium,(35,000 milligrameper liter) 
sodium chloride type if it originates from thermal dehydration of Cycle 6 bedrock 
(Table 6-11). An intrusive brine could ; be either a loll-magnesium, sodium chloride type if it 
results from entry of ground water that flows through magnesium-poor strata' or a higher-
magnesium, sodium chloride type if it results from entry of ground water that flows through 
magnesium-rich (carnallite-, kieserite-rich) strata. An intrusive brine of loci-magnesium con-
tent is expected to be the more probable scenario. Numerous processes are expected to 
restrict the magnesium content of an intrusion brine such as the precipitation of, magnesium-
bearing mineral phases and dilution by low-magnesium fluids (Section 6.3.1.2.3). The 
formation of intrusive brines of any type is considered to be highly unlikely. 

The performance assessments presented in Section 6.4.2 suggest the following) 

1. Waste package corrosion by unlimited quantities of low-magnesium intrusion brines 
under expected conditions would not lead to waste package failure. within 10,000 
years after burial. The unexpected condition of unlimited quantities of high-
magnesium intrusion brine is predicted to lead; to overpack failure at 336 and 220 
Peers for commercial high-level waste (CHLW) and spent fuel from pressurized-water • 

reactors (SFPWR), respectively. If,a reason is found:for expecting a large amount 
of high-magnesium brine,at the repository horizon, the. waste package will be -
designed to aicommodatethii. : ,  

7 

.„Thermally induced brine,migration will:bring only a moderate iolume of high- 
magnesinm brine in Contact with the:waite package, and the high-magnesiUm brine that 
accuMulates will not destroy the ability of`the waste package to Plet"the require-
menti'of 10 CFR 60.113.1 . -  	: 

. A conservative case aitalysis of exiiecied conditions shows:ihat'less than 
0.001 percent, of - the 1,000-yea ► radionUclide.inventor)i- would dissolve per year. 

• There are'no driving forces that would,canse release'of diSsolved radionuclides from 
the repository. 	. 	- 

6-11B. 



Table 6-11. Compositions of Simulated Salt Brines Used in Corrosion Tests 
(Ion Concentration, milligrams per liter) 

Low Magnesium Content Brines  
Ion 	Permian cafin 	Permian.Agin 

No. ltai 	No. 2ta) 

High Magnesium Content Brine 

Brine A 

Nat:- 	. 123,000 	123,000 

: .,Ual+ 	A,560- 	A.,-100::- 
. 	.. 

4%2+ 	134 - 	':- 122 
,,- 

P 	39 • 	39. 

St4t, 	, 35 	35  

in2t 	' 7.8 - 	,.7.9 

Cl- 	191,000 	191,000 	:'190,000 

S0427 	1.200f 	' 1,910 	34500 

HCO3'. 	30, 	23 	700 , 

32 	24 . 

1.1 	440.- 

(b) 	• (b). 

(b) 

Note: The high magnesium content is considered•representative of Paradox 
Basin thermally migrating brines. The low magnesium content brines are 
considered representative of Paradox Basin salt dissolution brines. 

(a) Attempts to conduct corrosion experiments with Permian No. 1 brine led to ' 
the precipitation of protective anhydrite coatings on specimen'surfaces, 
so the Permian Basin No. 1. brine was heated to operating temperatures 
(150 C (302 F)) to equilibrate and precipitate anhydrite and was renamed 
Permian Basin No. 2 before using it in corrosion tests.' 

(b) Not included in recipe. 	- - 

'6-119 - 
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30000 

(b) 
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The containment characteristics of the host salt could be compromised only by dissolution 
of the host rock. Section 6.3.1.6 indicates that dissolution is not an expected condition. 
Also, within the geologic setting, geochemical factors are expected to reduce the mobility of 
radionuclides within the ground-water system (Sections 6.3.1.2.2 and 6.3.1.2.3). Results of 
the evaluation are summarized in Table 6-9. 

6.3.1.2.2 Analysis of Favorable Conditions. 

(1) The nature and rates of:the geochemical processes.operating_within_the 
geologiC setting during- the- 00Aternaty- PeriodWouldi if continued into the 
future '  not affect or would favorably affect theAbility_of the'geologic 
tipOeitoty-to-isolatefthe'weste during the_next100,000 years.' 

Evaluation. Ceochemieal processes that,, f operative v could adversely affect the ability 
of the geologic tepository to isolate the waste could include, but not be limited to; the 
following: (1) host rock alteration by migratingshydtOthermal brines,iuth as sulfatization, 
secondary dolomitization, hydration and dehydration; (2) large-scale salt dissolution; and 
(3) dissolution or hydrometamorphic alteration of the late-forming, solUbleminerals (e.g., 
carnallite and kieserite). There is no evidence of alteration by migrating hydrothermal 
brines; however, carnallite and kieserite have been identified in the upper section of. the 
Cycle 6 interval. Therefore large-scale salt dissolution and the hydrometamorphic alteration 
of carnallite and kieserite are the principal processei that could potentially affect the 
ability of the repository to isolate waste. The evaluation of dissolution in the site geo-
logic setting during the Quaternary period is addressed in Section 6.3.1.61' it is concluded 
that there are no indications of Quaternary-age dissolution at the site. , The locations of 
known and suspected dissolution features are provided in Sections 6.3.1.6.1 and 3.2.5.6. None 
of these features are believed to be indicative of processes that could affect the isolation 
capabilities of the site during the next 10,000 years. 

Under the expected' repOsitory thermal conditioni of less than 250 C (482 F) in'the near-
field (Figure 6-1) and less than 120 C (248 F) at a distance of 5 meters (16 feet) or more. 
from the waste package (Figures 6-2 and 6-3), hydrometemorphic mineralOgiCal reaCtionssuch as 
hydration, dehydration, and recrystallization may be of concern, but melting is considered 
unlikely. The carnallite marker bed in Salt Cycle 6 consists primarily of a mixture of halite 
(91.4 to 96.4 weight percent), carnallite (0.53 to 4.62 weight percent), kieserite(0.01 to 
2.04 weight percent), anhydrite (1.54 to 2.9 weight percent) and sylvite (Hite, 1982; Hite, 
1983; Fukui and Hopping, 1984). The melting points of these minerals are as follows: halite, 
800 C (1472 F); carnallite, 265 C (509 F); kieserite,.365 C (689 F); anhydrite, 1450 C 
(2642 F); and sylvite, 770 C (1418 F) (Weast, 1984). Certain evaporite minerals undergo phase 
transformations at temperatures well below their melting points, and the chemical composition 
of the transformation products depends on.the chemical compositions of the fluids in equilib-
rium with them. Fror:examplev at 83 C (181 F) and in NaC1-1M1 saturated solutions, carnallite 
incongruently alters .  to halite andsylvite (Braitsch, 1971). In MgSO4-beating systems and at 
temperatUres exCieiling'72 C (162 F)', kieserite and sylvite fOrm at the expense of carnallite, 
kieserite, and:halite Oraitich, 1971). ''Thus, the lower malting hydrous'phasee:tendto 
convert to.higher , meltinivanhydrous- phases when exposed to elevated tempiratures. 

, 	• 
The mineral transformation reactions are accompanied by a volume change, the direction of 

which dependspon'whether thebrineits retained iwthe:near-field or'migrate* away: Poi 
example, the transformation,of-carnallite tosylvite'Plus brine , resultsjn a'13 percent 
increase in volumerwhemthekrine is. retained in the neat-field - and a778- perciftrdecrease in 
volume when,the:brine migrates - away (Holieri1979). Assuming an average;cirnallite content of 
2.39 weight percent in upper Cycle 15salt - (Hite, 1982) and that all-otthe carnallite is con-
verted to sylyite and_brioe, which remains in place, the expected increase in volume in 
Cycle 6 strata is only 0.32 percent. If biines is release from the carnallite-rich zones, the 
maximum expected reduction in Cycle 6 volume is 1.86 percent. 

Consequently, the major evaporite phases present in the carnallite marker bed in Salt 
Cycle 6 are not expected to melt at the maximum near-field repository temperature, and they 
tend to combine with other minerals to form more stable phases. The mineral transformation 
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reactions are accompanied by small changes in volume. Even if melting did occur, the perme-
ability of halite is such that the fluids would probably remain in place and not migrate. 
Finally, if in the future a reasonable scenario for melting is identified, then repository and 
waste package designs can be modified appropriately (e.g., by lowering the thermal loading). 

• 

The evidence indicates that the favorable condition is present. 

(2) Geochemical conditiOns that promote the precipitation, diffusion into 
the rock matrix, or sorption of radionuclides; inhibit the formation of 
particulates, _colloids, inorganic complexes, or organic complexes that 
increase the mobility of , radionuclides; or inhibit , the transport of radio-
nuclides by particulates, colloids, or complexes. 

Evaluation. This guideline is applied to conditions both within the host rock as well as 
to deep-basin aquifers above and below the Cycle 6 salt host horizon. 

Precipitation of Radionuclides in the Host Salt. Although quantitative mineralogical and 
geochemical details on the host rock are not available at present, the preliminary analyses by 
McCulley et al. (1984) and Hite (1983) suggest the presence of reduced forms of carbon, iron, 
and sulfur in both Salt Cycle 6 and the clastic interbeds. Methane contents are as high as 
1 cubic centimeter (0.06 cubic inch) gas per kilogram of salt (Hite, 1983, Table 5). Insolu-
ble organic carbon contents of Salt Cycle 6 are as high as 0.5 weight percent (Hite, 1983, 
Table 2; Padan et al., 1984). The Salt Cycle 6 host horizon is bounded above and below by 
carbonate and clastic beds for which there is strong evidence of chemically reducing condi-
tions (Section 3.2.7), which will promote , the precipitation of many redox-sensitive radio-
nuclides such as technetium, neptunium, uranium, and plutonium. In addition certain radio-
nuclides (strontium and radium) form relatively insoluble sulfate and carbonates (Langmuir and 
Riese, 1985; Stumm and Morgan, 1970). 

Gamma radiolysis may alter ground-water redo: states through the production of species 
such as hydrogen peroxide, oxygen, hydrogen, chlorine, and possibly perchlorate (Panno and 
Czyscinski, 1984). Similar effects are predicted from alpha radiolysis of brines (Pederson 
et al., 1984), which will not occur until waste package failure. Brine radiolysis reactions 
have been experimentally documented at dose rates many orders of magnitude greater than that 
expected at the waste package surface, and will be localized to the near-field repository 
environment, should they occur (Levy and Xierstead, 1982; Panno and Soo, 1983). If future 
research demonstrates significant brine radiolysis at expected repository dose rates, then 
engineering measures can be implemented to reduce radiation dose rates and to minimize any 
associated adverse effects. 

Precipitation of Radionuclides Outside the Host Salt. Ground water in the lower hydro-
stratigraphic unit below the host salt consists of brines containing methane (1.14 to 5.43 
volume percent), ethane (0.3 to 0.6 volume percent), and sulfide (30 to 80 milligrams per 
liter) and is therefore considered (Section 3.2.7.2) to be chemically reducing (McCulley 
et al., 1984; WOO, 1982, ONWI-290, Vol. II, pp. 9-25). Platinum electrode Eh measurements 
range from -80 to -240 mV for lower hydrostratigraphic unit formation fluids (McCulley et al., 
1984). Sulfate/sulfide redox couple calculations yield Eh values of -113 to -143 mV, which 
are in good agreement with measured Eh (McCulley et al., 1984). Measured and calculated Eh 
values are within the stability field of pyrite, which is present in both the Paradox Forma-
tion amPLeadville Limestone in limited concentrations. Microbially mediated reduction of 
sulfate to sulfide actively occurs in the Leadville Limestone (McCulley et al., 1984). 
Measured Eh and calculated values from the sulfur redox couple are not in agreement with 
calculated values from, the iron and arsenic redox couples; however, iron and arsenic specie-
tion in the lower hydrostratigraphic samples analyzed was believed to have been altered 
because of sample contamination (McCulley etial., 1984). Lindberg and Runnells (1984) point 
out that obtaining reliable Eh measurements in ground water is problematic; however, the 
presence of redox-sensitive species such as sulfide and methane can provide at least a'quali-
tative guide to the redox status of water. 
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At these lower redox potentionals expected in the lower hydrostratigraphic unit, redox-
sensitive radionuclides are expected to be stable in their lower oxidation states. The reten-
tion of radionuclides such as uranium, neptunium, plutonium, and technetium is greatly 
increased under reducing conditions because these elements form compounds having much lower 
solubilities than those formed under oxidizing conditions (Cleveland et al., 1983; Cleveland, 
1979a, b; Bondietti and Francis, 1979; Langmuir, 1978). 

Sorption.  The primary mineral constituents of Salt Cycle 6 are halite, anhydrite, 
carnallite, and kieserite, with trace amounts of sylvite, magnesium-borates, magnesite, 
quartz, dolomite, calcite, talc, and clays (Section 3.2.7.1). Thin wave-like anhydrite bands 
in Salt Cycle 6 occur as interbeds and contain small quantities of clays. The clays present 
in the salt unit and the interbeds are composed of illite, chlorite, szectite, vermiculite, 
talc, corrensite, randomly interstratified chlorite/smectite, chlorite/vermiculite, and 
talc/chlorite (Bodine and Rueger, 1984; Paden et al., 1984). Above and below salt. Cycle 6 is 
flanked on the clastic interbeds are present which consist of calcareous shales, silty-
limestone/dolomite, and anhydrite. While some radionuclide adsorption can be expected from 
clays dispersed in the salt and localized in the clastic interbeds, the conservative perform-
ance assessments in Section 6.4.2 do not take credit for retardation by sorption process. 

Colloid Formation.  'Brines !promote the conversion of stable hydrophilic colloidal suspen-
sions to unstable hydrophobic colloids (Stumm and Morgan, 1970, pp. 500-507). The conversion 
process is accompanied by.colloid growth and charge reversal, resulting in large.relatively - 
immobile particles that can be more effectively filtered by geological substrates. Evidence 
on the deposition of plutonium-bearing particles and flocculation of organo-metallic colloids 
suggests that this phenomenon is operative in estuarine water and sea water (Hamilton, 1985; 
Coonley et al., 1971). However, the applicability of this phenomenon to site-specific Paradox 
Basin brine environments needs to be established further as: (1) there is no general quanti-
tative theory to predict the size to which hydrophobic colloids will grow, and (2) the ulti-
mate transportability of such colloids in ground water will depend both upon their size and 
charge characteristics as well as the hydrogeochemical characteristics of the repository 
environment. 

Inorganic Complexs.--The  uranium-bearing specie, (UO2[00313 -4) which contains hexavalent 
uranium, can be thermodynamically stable under reducing conditions (Carrels and Christ, 1965, 
Figure 7.32b). Reduced_ plutonium may also complex significantly with certain inorganic ions 
(Cleveland, 1979b). The thermodynamic data base used for calculating radionuclide solubility ,  

and speciation in water•is probably not adequate for definitive: calculations: The effects of 
high ionic strength media, temperature, and pressure constitute additional sources of uncer-
tainty. 

Organic Complexes.  Of the drill-stem test (DST) fluids collected from the Leadville• 
Limestonwat CD-1, only one sample contained no detectable drilling . fluid contamination. The 
total organic carbon concentration of this sample as measured in two different laboratories 
was 15 (McCulley et al., 1984) and 12.8 milligrams per liter (Means et al., 1983, ONWI-448). 
Sample volumes available were insufficient for detailed organic geochemical analysis; however,._ 
McCulley et al. (1984) report the presence of short-chain aliphatic acids in this and DST 
fluids containing low but detectable drilling fluid contamination. While available organic' 
geochemical data (Section 3.2.7.2) on deep Paradox Basin brines are insufficient to readh 
definitive conclusions, if short-chain aliphatic acid anions are the principal organic species 
present, then significant radionuclide complexation would not be expected (Means and Hubbard, 
1985, BMI/ONWI-578). 

Methane and ethane are the principal organic gases present in Paradox Basin brines 
(McCulley et , al., 1984). The radiolysis of these organic gases will probably form poly-
ethylene or low molecular weight organic _species, such as formic acid in addition to carbon 
dioxide and water (Lind, 1961; Cray, 1984). None of the expected radiolytic by-products 
possess significant radionuclide complexation characteristics. The speciation and amount of 
organic matter contained in Salt Cycle .6 halite and possible effects on radionuclide 
complexation have not yet been evaluated: 
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In conclusion, the Cycle 6 interval and stratigraphic units surrounding Cycle 6 are 
expected to be chemically reducing, which will promote the precipitation of certain redox-
sensitive radionuclides, should waste package failure occur. Others may form insoluble 
sulfates or carbonates, or be adsorbed by clay minerals present in either Cycle 6 or adjacent 
clastic strata. The formation of certain types of colloids is expected to be inhibited by the 
destablizing effects of brines, and preliminary organic geochemical data on deep basin brines 
suggest only low concentrations of weak organic complexing agents. Therefore, geochemical 
conditions at the Davis Canyon site are expected to be conducive to waste isolation. 

The evidence indicates that the favorable condition is present. 

(3) Mineral assemblages that, when subjected to expected repository condi-
tions, would remain unaltered or would alter to mineral assemblages with 
equal or increased capability to retard radioduclide transport. 

Evaluation.  The host salt can undergo changes resulting from radiation and heat. 
Adverse effects from radiation are expected to be mitigated by the fact that the expected dose 
rate on the exterior of the overpack surface is only approximately 20.Rads per hour (Jansen, 
1985). Gamma irradiation of halite can produce sodium metal and free chlorine; however, the 
effect is very localized and eiperimentally documented only for total doses exceeding 10 7  Rads 
(Levy and Kierstead, 1982; Fenno and Soo, 1983). Also, if free chlorine does not "evolve from 
the salt, the decomposition products may react back to form sodium chloride (Pederson at al., 
1984). The radiolytic decomposition of halite has not been documented at expected dose rates 
of approximately 20 rads per hour at the waste package surface. If future research shows that 
such dose rates initiate= processes that adversely-affect-rock strength, then engineering 
variables such as canister thickness can be adjusted to minimize such effects. 

Clay minerals will undergo theimal dehydration reiulting in changes in the physical prop-
erties of the affected clay layers. Any associated volume reduction is expected to be offset 
by salt creep and expansion around the waste package. 

The Salt Cycle 6 carnallite marker bed above the repository host horizon contains about 
0.53 to 4.62 weight percent carnallite (with 0.01 to 2.04 weight percent kieserite) at the 
GD-1•borehole located 5 kilometers (3 miles) northeast of the site (Hite, 1982; 1983; Bodine 
and Rueger, 1984). Examination of available geophysical logs (Hite, 1982) suggests that the 
carnallite layer may decrease in thickness toward the site. Carnallite and kieserite melt at 
265 C (509 F) and 365 C (689 F) (Weast, 1984) respectively, although some evidence suggests 
that they may begin to melt incongruently at , somewhat lower temperatures. Under expected 
repository conditions, the maximum temperatures to which these evaporite minerals will be 
exposed are 90 to 120 C (194 to 248 F) (Figures 6-2 and 6-3). In this temperature range 
carnallite and kieserite•may undergo phase transformations (Braitsch, 1971), and the expected 
transformation products are largely phases such as halite and sylvite, which melt at 800 C 
(1472 F) and 770 C (1418 F), respectively (Weast, 1984). The transformation of carnallite to 
sylvite plus brine results in a 13 percent increase in volume when the brine is retained in 
the near-field and a 78 percent decrease 'in irolume if the brine migrates away (Holser, 1979). 
If all of the carnallite (2.39 weight percent [Hite, 1982]) in upper Cycle 6 salt were to 
convert to sylvite and brine, and remain in place, the resulting increase in volume would be 
only 0.31 percent. If brine is released from the carnallite-rich zone, the maximum expected 
reduction in Cycle 6 - volume is 1.86 percent. 

The evidence indicates that the favorable condition is present. 

(4) A combination of expected geochemical conditions and a volumetric 
flow rate of water in the host rock'that would allow less than 
0.001 percent per year of the total radionuclide inventory in the :  

repository at 1,000 years to Wpdissolved. 

Evaluation.  'Under expected conditions, water contacting the waste will be restricted to 
brine inclusions and intergranular water in halite, which will migrate up•the thermaL • 

gradient, and dehydration water from clays and carnallite. The amount of brine contacting the 
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waste package has been conservatively calculated not to exceed 4.68 volume percent at the 
Davis Canyton site (Section 3.2.7.1). Realistic estimates are more on the order of 1.3 to 3.5 
volume percent brine (Section 3.2.7.1). Assuming that 5.0 volume percent brine is available 
for waste package corrosion, the assessments of waste package performance show that package 
failure is unlikely (Section 6.4.2). The expected release (none) demonstrates this favorable 
condition. 

One set of conservative (i.e., deliberately overestimated) calculations has been made to 
investigate radionuclide release from hypothetically breached waste packages (Jansen, 1985). 
The critical assumptions are that (1) the waste package fails (NRC requires the waste package 
to last for at least 300 years); (2) as the brine reaches the waste package, it becomes satu-
rated instantly with each radionuclide; (3) conservatively high saturation values for each 
radionuclide are used; and (4) do brine is consumed by reaction withlthe waste package. 
Jansen's calculations are summarized in Tables 6-12 and 6-13. Thesetables show that this 
favorable condition is met for,the sum of all radionuclides prior to1,000 years. (Note that 
the alternate condition of these tables is based on the 10 CFR Part 60 regulation which 
requires a fractional release of 10 -8per•year, while the favorable , cOndition for this 
guideline is 10-5per year summed over all radiondilides, i.e., sum the alternate condition 
columns and divide by 1,000 for!comparison with the guideline.) Therefore, the criterion is 

J 

expected to be met. 	 ' 
1  

Another set of conservativ calculations made by Jansen (1985) assumes (1) ground water 
flows through the salt, and (2) radionuclides are released es,the waste matrix is dissolved. 
These assumptions are conservative in that impermeable zones surro*ndingthe repository hori-
zon should minimize or preclude flow. The CHLW and SFPWR releases estimated by these 
calculations are still below the guideline rate of 10 -5  per year needed for long half-life 
radionuclides. 

The thermodynamic data base on ridiOnuelide•solubiliy Contain* uncertainties and assump-
tions. The solubility calculations will be updated as further inforMation becomes evailable. 
The effect of radiolysis on geochemical conditions around the waste packagejs alsO:not 
completely understood. Certain adverse effects have been noted at high'dose rates such as 
105  rads per hour (Kreiter, 1984).' Expected dose rates at the overpack surface are on the 
order to 20 rads per hour, where little or n6;edverse . .:radiationeffects have seen documented. 
The introduction of atmospheric oxygen may create oxidizing codditions thatare expected to be 
short-lived because of oxygen consumption by the metallic iron overpack (Jantzen, 1982). 

The evidence indicates that the favorable condition if present.; 

(5) Any combination o6 geochemicalend physiCalretarditioi processes that ;  
would decrease the predicted peak cUmulatilie releiies of radionuclides to 
the accessible environment by a factor of 10 as compared to those 
predicted on the baste of ground-water travel time without!such retarda-
tion. 

• 
Evaluation. The presence Of *lays (SectiOn 3.24:1) is •expected to promote 

sorption along the expected flaw path, and anoxic deep basin brines 1 
(Section 3.2.7.2) are expected o retard redox-sensitive radionuclides."However, 
insufficient evidence is currently available!to quantify the decrees* in the peak 
cumulative release. 

6.3.1.2.3 Analysis of Potentially Adverse Conditions. 

(1) Ground-water conditions in the host rock that could affect the solu-
bility or the chemical reactivity of the engineered-barrier system to the 
extent that the expected repository performance could be compromised. 
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• 

	

' 300 yr 	Quantity asquirod 	 Activity 	Babb) to ---: 	Ratio to 

	

'Package 	to Saturate ... 	 Pros Package 1,000-yr Nuclide 1,000-yr Total 

	

golubility(a) , Invantory, (b)  Incoming  Brines, 	 to Brine, 	Activity/ 	Activity/ 
:Element - 	grams/m3  ' -• grails 	-'grams/yr - ' Suclide - Curies/yr 	(11-5 par yr) - 	.(11-0 per yr) 

. 	. 	. 

1.22.4 -. C-14 1.12-.4 
2.01-1 Se-79 " 1:52-9 
1.6246 • Sr-90 2.11-5 
2.08-7 Tc-99  3.51-9 

	

2.01-8 	- Sn-126 , 	1.71-10 	2.21-6 - ' ' '-- (d) 
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Pu-240 „ 	2.2478 : . 	 4.11-5 " `:- , GO ... ' 
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0.029 ' 900. 	-- 
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• 
- 8.7174', 
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- 	' 3.8273   	(d).. 
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Pu-242 7: ''3.217-11. 
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Table 6-12. Davis Canyon MB Package. Comparison of Package Release Rates to Saturate Incoming Brine 
at the Waste Package Boundary with NRC Engineered System Release Rate Limits in 10 CFR Part 60 

(Page 2 of 2) 

1,000 year 
Package 

Inventory, 
Element 	gram Nuclide 

Ratio of Radioactivity in Brine to NRC Limit Using 1,000 yr Inventory, Fraction 

of E-5 per year per Nuclide Inv. of 1E-8 per year per Total Activity 
200 yr 300 yr 	500 yr 	1,000 yr 200 yr 300 yr 500 yr 1,000 yr 

Carbon 1,608 C-14 1.3E-3 8.3E-4 3.4E-4 5.2E-5 4.4E-9 2.8E-3 1.2E-3 1.8E-4 
Selenium 538 Se-79 5.98-5 3.81-5 1.6E-5 2.6E-6 5.9E-5 3.8E-5 1.6E-5 2.6E-6 
Strontium 3,351 Sr-90 1.4E-6 8.38+4 300 3.3E-4 9.0 0.55 2.0E-3 2.2E-9 
Technetium 7,351 Tc -99 4.3E-4 2.8E-6 1.2E-6 

-9.38-7 
1.9E-7 
1i3E-7 

1.4E-4 
6.6E-6 -  - 

9.0E-5 3.88-5 6.1E-6 
Tin 8n-126 3.48-4 -- 2.2E-6- 4.3E-6 --  -1:8E-6 2.9E-7 913 	- 
Iodine _ 2,238 1-129 _,8,400 .5,500 2,300._ 370 	. 6.6E+2 4.3E+2, 1.8E+2 2.9E+1 
Cesium 13,607 Cs-135 1,400 900 380 	• .62_  . 1.2E+3' 7.6E+2, 3.2E+2 5.2E+1 

. 	_ . Cs -137 .1.58+11 , 9.5E+9 4.08+7 1 2.8E+6 • 1.8E+5,, 7.5E+2 1.2E-3 	' 
Thorium 0.136 Th-232 0:28 0.18 0.071 	' 0.010.. 1.3E-10 9.5E-1I 3.8E-11 5.5E-12 • 
Uranium 46,175 U-233 1.0E-7 9.5 8.1E-8 -_:,: 3484 5.4E-10 5.0E-10 4.3E-10 1.68-10 

0-235 6.7E-7 4.4E-7 1.9E-7-` 3.0E78 1.58-10 9.8E-41 4.2E-11 6.7E-12 
0-236 6.2E-7 4.1E-7 1.8E-7_ 1.0E-8 2.2E79 1.58=0" 6.4E-10 1.1E-10 
 u,238 . 6.8E-7 . 4.4E-7 1.9E-7 ' '3.08-8 2.7E-9, 1.8E79. 7.58-10 1.2E-10 

Neptunium ' 7;417 , -,.. ,10-237 ',.3.9E-6 2.6E-6 1.18 -6_ 1.711"7 5.SE -6; 3.7876 1.6E-6 2.5E-7 
Plutonium ' 	564 	' -Pt-238 2.1E-3 8.7E-4 1.5E-4 	• 2.58.4 7.28-4- ' 3.0E-4 -  5.2E-5 8.4E-7 

an 
I- 
I-,  

Pu-239 
Pu-240 
Pt-241 

4.9E-5 
6.4E-5 

„7.41-5 

3.3E-5 
4.1E-5 
4.58-5 , 

1.4E-5 
1.7E-5 
1.7E-5 . 

2.3E-6 
.2:5E46 

- 	'2.5E-6 

2.4E4', 
8.8E-4.. 
2.4E-5', 

1.6E-4, 
5.6E4: 
1.4875 

7.1E-5 
2.3E-4 
5.3E-6 

1.2E-5 
3.4E-5 
7.9E-7 

NY 
vo 

Americium 1,683 
,40-242 
%4m-241 

_5.7E-5 
' 2.7E-6 

,-3.7E-5 
1.7E-6 

1.6E-5 
6.7E-7_ 

2.5E76 
Mt -8 

1.3E-6. 
2.3E-3: 

8.38-7 
1.4E-3 

3.58-7.:. 
. 5.7E-4 

5.5E-8 
7.0E-5 

Am-243 ,,8.0E-7 5.8E-7 3.1E-7 8.2E-8 3.0E-5 2.284 , 1.2E-5 3.1E-6 
Curium _ 8.0 .0m-244 .,7.21410 , 1.0E+9 2.18+5: 1.78-4 5.48-3 _ 7.8E-5, 1.6E-8 1.3E-17 

_. 	... 
Brine Rate with 
zero threshold 
thermal 

, 	..  

gradient, (05/yr) 3.1E-4 2.0E-4 .8.7E-5 '1.4E-5 3:18-4: 2.08-4, 8.7E-5 1.4E-4 	. 

(..... ... 

C ....."- 

,:r 

.-- 

6i 

,- 
CO 
, 

•.. 

Note: The gross brine inflow rate is.2.08 -4 m 5  per year at 300. years after burial. 
 

, 	. 	,_ 	, 	. • 	. 	. .,  
(a) Various other solubility data'exiet, some with higher andsome.with lower values for various nuclides. These other data may be no more or no 	N. 

less applicable for this preliminary analysis. More specifically, carbon solubility data coold'be controlled by kinetics and not by equilibrium 
conditions. 

(b) The thorius, neptunium, and plutonium grow larger Willi time," PO -that -At -10,000 jeers,-these -inventories are 1.1, 8,905, and 703 grams per 
package, respectively. 

(e) This element is not in the CWIN package, it would be separated in the fuel reprocessing pleat and stored separately.. 
(d) This value is not shown unless the primary (10-5) standard is not met, indicated by a value greater than one in the preceding column. 



Table 6-13. Davis Canyon SFPWR Package. Comparison of Package Release Rates to Saturate Incoming Brine 
at the Waste Package Boundary . with NYC Engineered System Release Rate Limits in 10 CFR 
Part 60 

. 	_ 	30Oryr 	Quantity Required.. 	Activity . 	., Ratio to . 	.Ratig,to 
. • 	, . 	' Package 	to Saturate 	. 	From Package 1 000 yr Nuclide 1,000 yr Total 

Selubility (a),-  Iiventory04;' Incoming Brine., 	to'Brine, 	'Activity/ 	Activity/ " 
Rlemeat 	grams/m3 . 	grams , 	.. :;ALTAcie/Yr.,.,. Nuclide 	Curies/yr 	(1111-5 per yr) (1E-8 per yr) 

. :. 	... 	... ... _ . 	_ 	. 	.. . 	_ 	_ 	. 	._ 	..... 

Carbon 	.06 	833, 	2.685 	.C-14 	2.34-7 	3 .4E-3- ,-  (c) 
Selenium 	0.001 	279 '- ' 	4.3E-7 ' 	' Se-79 	3.11-9 	- 1:6E-4 	- (c) 
Strontium 	0.8 	1,747 	3.41-4 	8r-90 	4.41-5 	340,000. 	0.53 
Technetium 	0.001 	3,812 	4.31-7 	Tc -99 	7.3E-9 	1.12-5 	(e) 
Tin 	0.0001 	19,216 	4.31-8 	Se-126 	8.61-12 	2.38-7 	(c) 
Iodine,- 	600,000. 	1,157 	. 	260., 	-I -129 	0.035 	22,000. 	,,.. 410. 	,, 	, 
Cesium' ' 	600000.: 7,069 ....: 	260. := 	- .Ca-135 	0.061 ' 	' 3.. 700 ' 	720. 	.. _ 

Cs--137 	15.'.,. :,. 	, - 3.914.10 	7..::170,000. .. . _. 
Thorium 	0.001 -' - ., 	1.1i:' -  	4.3E-7 ' 	T,Th-232 	6.4E-15 	.9.81-3 	:'..: (b) 	*.,,..-: 

co ranium 	0.001 -..- 	4,774,600 	4.3E-7 , . :, ., 	
:.Uf233 	27.W16 	.'1:61,79 	! , :(4) 	,- ...... 

co 	 .U.235 	7.9E145 	8.9k-9 	: -:(b) 	:..  
CD 	 _-, 	' 	; 	, 	: 	 „ „.. 	.., 
- 	 ',157.136 	1.2E-13 	'8:7IP.9 	'. :(b) 

 --..- ., U-238 	1:4113 	- 9.01;9 ..,  

. 	
.r

... 

	j-:(1) 
Neptunium 	0.001' -:: 	4,276 	4.3E17' 	:‘1p237 	3.0E710 	) 6:18-6 	 :(c) 
Plutonium 	0.001." 	38,380 	4.3E-7 ' 	' Pu-238 	1:2E78, 	 2:51-4 	, ` (c) 

	
;:. 

.....:, , . 	. 	. 	._ 	,,Pu=239 	1.7E-8' 	1.1E-6 	''' -(i) 	:'6;-- -1=_. 

' Pu-241 	8.6E11 	=1.3E-5 
• 

:5 -:; 	.......- 	. 

' .As
-242 	9:5E-11 	'. 1.1E4 	'. ' -(c) 	.'':...-'; 

Americium ' 	0.0001 	4,301 - 	4.31-8 . . 	' Ase-241 	1.31-7 	3.11-6 	-'":(C) 	,  
. ., .. 	 . Am=243 	8.01-10 	-1.1E74 	 .',- (c) 	-.,:.::, 

Cuiiwa' 	0.001 _- 	4.5, 	4.3E-07 	::':Cm7.244 	6:31 -9 	4.2E+9 	.H.:, 7:4E-5 ...., 	4-   

,.Yu-240  ; 1.21;76 

• 



Table 6-13. 	Davis Canyon !MR Package. 	Comparison of Package Release Rates to Saturate incoming Brine 
at the Waite Package Boundary with NRC Engineered System Release Rate Limits in 10 CFR 
Part 60 

(Page .2 of 2) 
,  • 

1,000 year Ratio of Radioactivity in Brine to NRC Limit Using 1,000 yr Inventory, Fraction 
Inventory, of 1E-5 per Year per Nuclide Inv. 	 of 1E-80 per Year per Total Activity 

Element 	. 	grams Nuclide 	, 200 yr , 	300 yr 	500 yr 	, 	.1,000 yr  . 200 yr 	300 yr 	500 yr 	1,000 yr 
.  - 4 

Carbon, 	 833 C-14  	- -3 4.3E-3 ' 	, 	3.48 	2.08-3 	1.0E-3 3.4E-3 	2.7E-3 	1.6E-3 	7.9E-4 
Selenium 	, 	278 Se-79 - .5. 08-5  2.0E-4 	1.6E-4 	9. 68-5 	' 	 • 4.6E-5 	3.68-5 	2.3E-5 	1.2E-5 
Strontium 	1,736 Sr-99  4.6E+3 	3.48+5 	1.8E+3 „ 	6.4E-3 7.1 	0.53 	2.8E-3 	9.8E-9 
Technetium 	3,804 Tc-99 1.4E-5 	1.1E-5 	7.08-53.7E-6 1.1E-4 	8.5E-5 	5.38-5 	2.8E-5 
Tin 	, 	• 19,217 Sn-126 2.9E-7 	, 	2.3E-7 	1.4E-7 	. 	7.2E-8 , 1.3E-7 	, 1.0E-7 	6.2E-8 	3.28-8" 
Iodine 	'- A  ,  - 1,157 1-129 2.88+4 	2.2E+4 	1.4E+4 - 	7.203 5.2E+2 	4.1E+2 	- 	2.5E+2 	1.3E+2 
Cesium 	.. 	7,036- Cs-135 4.6E+3 	3.7E+3 	" 	2.3E+3 	- 	1.2E+3 9.1E+2 	7.2E+2 	4.5E+2 	2.3E+2 

Cs-137 4.9E+11 	3.9E+10 - 	2.4E+8 , , 	1.1E+3 2.2E+6 	, 	1.7E+5 	1.0E+3 	- 	5.2E-3 
Thorium t.  4.9 Th-232 1.3E-2 	9.8E-3 	5.71-3 	2.9E-3 	' 9.0E-11 	7.5E-11. 	4.4E-11 	2.2E-11 
Uranium 	4,775,930 U-233 1.4E-9 	1.6E-9 	2.2E-9 	2.9E-9  2.6E-12 	3.1E-12 	4.1E-12 	5.5E-12' 

• ' 	' J U-235 1.1E-8 	8.98-9 	5.5E-9 ' 	2.9E-9 1.2E-10 	9.2E-11 	5.7E-11 	3.0E-11,  
0-236 1.1E-8 	8.7E-9 	5.4E-9 	. 	2.98-9 1.7E-9 	1.4E-9 	8.6E-10 	4.6E-10 
0-238 	• 1.1E-8 	9.0E-9 	5.6E-9 	- 	2.9E-9 2.1E-9 	1.7E-9 	1.0E-9 	5.4E-10 

oin Neptunium 	7,021 Np-237 7.8E-6 	6.1E-6 	3.8E-62.0E-6 4.5E-6 	3.5E-6 	2.2E-6 	1.1E-6  
I-4  Plutonium 	37,011' Pu-238 

, 

 6.8E-4 	2.5E-4 	3.2E-5 	'3.8E-7 3.9E-4 	1;4E-4 	1.8E-5 	2.1E-7 
Lo • Pi-239 . 1.5E-6 	1.I8-6 	7.1E-7 	3.88-7 2.6E-4 	2.0E-4 	1.3E-4 	6.7E-5 
P.' Pu-240 1.5E-6 	1.2E-6 	7.4E-7 	3.8E-7 4.3E-4 	3.3E-4 	2.0E-4 	1.0E-4 

Pu-241 , 5.88-5 	1.3E-5 	7.3E-7 	3.88-7 4.3E-6•1.0E-6 	5.5E-8•2.8E-8 
Pu-242 	, 1.4E-6 	1.1E-6 	7.0E-7 	3.8E-7 1.4E-6 	1.1E-6 	6.9E-7 	3.7E-7 

Americium 	1,642 Am-241 4.0E-6 	3.1E-6 	1.8E-6 	8.58-7 -  2.0E-4 	1.6E-3 	9.4E-4 	4.3E-4 
Aw-243 1.2E-6 	, 	1.1E-6 	8.7E-7 	8.5E-7 	4  1.0E-5 	9.4E-6 	7.6E-6 ' - 	1.48-6 

Curiusr 	 4.1 Cm-244  2.4E+11 	4.2E+9 	1.3E+6 	'3.4E-3 4.2E-3 	7.4E-5 	2.2E-8 	5.9E-17 

Brine rate with 
tern threshold 	. 
thermal• 	, 	' 	' 	_ . 

.  • ..  
."  . • •  •  ,  ,  .  ,...  .. 

gradient(mJ/g) 5.5E-4 	. 4:3E-4 	2.7E4 	.1.48-4 - ' 5.5E-4 	4.3E4 	2.7E-4 	, 	1.4E-8 
.  •  • 

• 

Note: The arose brine inflow rate is 4.38-404er year at 300 iearsAfter burial. 	• 	. • 
••  ,  • • 

(a) Various other ;viability dais eaist, some with 'higher and Avienith lower values for various nuclides; These other Alma way be no more or no 
lees applicable for this prelimiaary'analysis. Nore specifically, carbon solubility data could be controlled by kinetics and not by equilibrium . , 
conditions. -  

.(b) The thoriem and neieuniva grow larger with times  io that at 10,000 years these inventories are 49.5 and:8,243 grams per package, respectively. 
(c) This value is'not shown unless the primary•(10 - ) standard is not' met, indicated by a-value greater then the one in the preceding column. 

„ 

• 



Evaluation.  For a repository in salt, the expected ground-water effect on the designed 
engineered-barrier system is corrosion of the waste package by brine in the salt. The effects 
of this brine are estimated by the following set of calculations (Section 6.4.2.4): (1) the 
thermal conditions expected to result from the heat-producing waste are calculated; (2) using 
those thermal conditions and conservative estimates of the amount of brine present in the 
salt, brine-migration calculations are performed to estimate the amount of brine that will 
migrate up the thermal gradient to each waste package; and (3) the extent of corrosion 
expected from this amount of brine is calculated. Brine composition and the effect of radio-
lysis on brine composition have also been factored into these . calculations. 

When the brine is assumed to be a high-magnesium (more corrosive) type produced in 
limited quantities (5.0 volume percent) by halite, clay, and carnallite dehydration, the 
extent of corrosion is limited by the volume of brine available; waste package lifetime has 
been calculated to exceed 10,000 years (Section 6.4.2). In the presence of an unlimited 
volume of a low-magnesium (less corrosive) type intrusion brine, the waste package lifetime is 
also expected to be greater than 10,000 years. Earlier failure is expected to occur in the 
event that an unlimited volume of high-magnesium brine contacts the waste package. However, 
such conditions are unexpected, as a mechanism to produce unlimited volumes of a high-
magnesium brine appears to be absent. While magnesium-bearing evaporite minerals (carnallite 
and kieserite) are present in the upper section of Salt Cycle 6, numerous processes are 
expected to limit the magnesium concentration of any intrusion brine that flows through the 
carnallite marker bed on its way to the repository. Any brine flowing rapidly through Salt 
Cycle 6 will probably not have the opportunity to saturate with magnesium. Although the 
solubility of carnallite and kieserite , are very high (Weast, 1984), a brine intruding into the 
repository horizon must already be saturated in halite; therefore, the magnesium content of 
the resultant brine will be limited by its saturation state. The , magnesium concentration of 
the brine will be further attenuated by the precipitation of magnesium-bearing minerals, some 
of which exhibit decreasing solubility with increasing temperature. Dilution of higher-
magnesium fluids by lower-magnesium fluids is also expected to occur. Note that the composi-
tions of the low-magnesium'intrusive brines in Table 6-11 are in reasonably good agreement 
with that of an experimentally produced composite Paradox Basin dissolution brine,(Pederson 
et al., 1984). 

It should be emphasized that site-specific brine compositions are not well known at 
present. Magnesium is one of several constituents that may accelerate corrosion. Corrosion 
data are presently available at only two magnesium concentrations (Table 6•11), so predictions 
were made using these values. While site-specific values obtained during site characteriza-
tion will very likely not match the magnesium contents for which data are available, it is 
very unlikely that a brine significantly more corrosive than brine A in Table 611 can be 
identified. If information obtained in the future does show that corrosion rates are much 
higher than those calculated in Section 6.4.2, the repository and , waste package will be'modi-
fled appropriately. If magnesium is determined to be the problem, the corrosion rates could 
be lowered by placing a magnesium scavenger in the packing surrounding the package. Alterna-
tively, the corrosion allowance around the waste package could be increased, or a more 
corrosion-resistant material could be used in the waste package design. 

The evidence indicates that the potentially adverse condition is not present. 

(2) Ceochemical processes or conditions that could reduce the sorption of 
radionuclides or degrade the rock strength. 

Evaluation.  Halite, anhydrite, carnallite, and kieserite along with low amounts of - 
various other evaporite minerals and clays comprisi the dominant mineralogy of the Cycle 6 
host horizon (Sections 3.2.7.1, 6.3.1.2.2). The evaporite minerals are not expected to 
contribute significantly to sorption; clay minerals have stronger sorption capacities, but 
clay contents in Cycle 6 are very low (Hite, 1983). The Paradox Formation is bounded by 
elastic strata that are expected to provide sorption capacity; the performance assessment 
calculations (Section 6.4.2) conservatively assume no sorption. Therefore, further reduction 
in the assumed sorption capacity is not possible. 
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Processes that might degrade rock strength include the radiolytic decomposition of 
mineral phases, thermaldehydration•accompanied by volume reduction, and the melting of host 
rock mineral phases. At high radiation dose rates, halite may*compose to sodium metal 
colloids, chlorine gas, and other by-products. Such effects haire been documented only for 
radiation fields far exceeding_expectedconditioni atthe overpaCk surface, and the phenomena, 
when observed, are very localized (Levy and Kierstead, 1982). Clay minerals in the near-field 
environment will probably undergo dehydration, but clay contents are very low (Mite, 1983). 
Clay dehydration in the,far-field environment will7beslimited,by the lower temperatures 
(Figures 6-2 and 6-3) to which they are exposed; and anyvolume reduction accompanying clay 
dehydration is expected-tcbe offset by:salt creep and:thermal expansion of the salt strata. 
The carnallite market bed is expected to be located atleait 9 meters (30 feet) fiom the 	• 
repository, and at this distance the maximum temperature to which the carnallite will be 
exposed is 9.0 tc020 C (194to 248.F) (Figures 6-2 and 6-3). Icthis.temperature range, 
hydrometamorphic reactions such •as dehydration and phase transformation are possibleFbowever, -  
meltinuis not, expected. 7 :Carnallite-begins to-dehydrateat 90 C (194.F) and melts at 265 C . 
(509 F) (Conner, 1983; Weast••1984). Kieserite, which occurs in:low quantities in Cycle 6 
with the carnallite, begins to both dehydrate and melt at approximately 365 C:(689 7) 1Conner, 
1983). Under hydrous conditions carnallite may undergo phase transformations, but the 
expected products are minerals. with higher melting points (Braitsch, 1971). BrineformAtion 
also,accompanies:the transformation reactions, but:the low permeability of Cycle 6:halite 
suggests that brinesitesulting from carnallite decomposition or dehydration would probably 
remain-in place •andnot.migrate. If all of the carnallite in upper Cycle 6 lalt:were to-
transformto,sylvite.and brine, the resulting volume increase would be only on the order of. 
0.31 percent (Section 6.3.1.2.2). If brine were to migrate away from:the.carnallite bedt, the • 
reduction in Cycle 6 volume would be on the order of 1.86 percent. 

Section 6.4.2.3.5 presents-en,evaluation of the extent of the expected "disturbed zone"' 
around a repositorVinjlavis-Canyon. 7 These•lnalyses examine the disturbance of the salt by-
(1) - mechanical effects, (2) chemical conditions,.(3) thermomechanical conditions, (4) thermo-' 
hydrologic conditions, and (5) radiation effects. Results of these preliminary analyses indi-- 
cate that the disturbed zone will not extend a significant distance from the edge of the 
repository vorkings, and that decreases:in rock strength beyond this:narrow zone are not 
expected. ; : Therefore while the data do not permit Aefinitivetonclusions, there is no compel-
ling evidence.forgeochemicall,rocesses that degrade rock strength.. 

. 	 • „ 	. . 	_ 
The evidence indicates that - the potentially adverse condition-is - not - present. 

(3) Pre7waite7emplacement ground-water conditions in the host rock that 
Arrethemically oxidizing. 

Evaluation. Evidence for the 	rock as well as for ground water in the Leadville 
Limestonelinderlyingthe-Paradox Formation suggests chemically reducing conditiOns and 
consists.of-the following (Sections  

s Presence of:reduced forms of carbon, irotip.Aindsulfur , in Salt Cycle 6 (McCulley 
at al., 4.984;:ate, 1983) 

1 

• Cycle 6 methane contents ranging up to 4 cubic centimeter(0.06 cubicinch) - gas 
per kilogram of salt (Hite, 1983, Table 5) 

• Insoluble organic carbon contents of'Salt Cycle 6 ranging up to 0.5 weight 
percentlEite,;.19831-:Table 21.Padan at al.0.1984).• • .. 

• • Presence of organic carbon and pyrite in the clastic sedimentary strata (Mite, 
: 1983, Tableliladan et-al., -1984rMcCulley at al., 1984) 

• Presence of methane, ethane vandtissolved sulfide in.deep basin brines (Bite, 
1983, Table 5; McCulley at al., 1984) 
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ongoing 

• In situ Eh in deep basin brines ranging from -80 to -240 mV based on platinum 
electrode measurements and from -113 to -143 mV based on sulfide/sulfate redox 
couple calculations (McCulley et al., 1984)' 

e Microbially mediated reduction of sulfate to .sulfide is an active 
process (McCulley et al., 1984). 

The evidence indicates that the potentially adverse condition is not present. 

6.3.1.2.4 Analysis of Disqualifying Condition. This guideline has no disqualifying con-
dition. 

6.3.1.2.5 Conclusion for Qualifying Condition. Cycle 6 contains small amounts of brine 
as fluid inclusions and intergranular brine in halite and as hydration water in clay minerals, 
carnallite, and kieserite. Corrosion calculations based on deliberately overestimated brine 
volumes suggest that waste package failure will not occur within thousands of years after 
repository closure. 

Reducing conditions are expected to promote the precipitation of many redox-sensitive 
radionuclides; others may form insoluble sulfate or carbonate minerals or be adsorbed by clay 
minerals in either Cycle 6 or in clastic strata above or below the proposed repository 
horizon. Brine radiolysis reactions have been experimentally documented only at dose rates 
greatly exceeding those expected at the waste package surface and will be localized to the 
near-field environment, should they occur. 

Preliminary assessments indicate that deep basin brines contain low concentrations of low 
molecular weight organic acids, which are weak complexing agents. Radiolysis reactions may 
form additional organic species that are not expected to possess significant complexation 
characteristics. Radiocolloid formation is expected to be minimized by the destablizing 
effects of brines. 

The host rock can undergo changes resulting from heat and radiation. The hydrous 
minerals, carnallite and kieserite, may undergo hydrometamorphic transformation reactions to 
more stable anhydrous phases, such as halite and sylvite; but melting is considered highly 
unlikely. Balite and anhydrite are expected to be stable at temperatures far above those 
expected in the near-field repository environment. Adverse effects from radiation are 
expected to be mitigated by the fact that the expected dose rate at the exterior of the 
overpack surface is only approximately 20 rads per hour. Preliminary assessments indicate 
little potential for salt dissolution to affect repository performance in the next 10,000 
years. 

In conclusion,the Davis Canyon bedded salt environment is geochemically conducive to 
waste isolation should waste package failure occur. Assessments of waste package performance 
suggest'that the engineered-barrier system will contain radionuclides for very long periods of 
time. This evaluation was conducted using demonstrably conservative assumptions. 

The evidence does not support a finding that the site is not likely to meet the quali-
fying condition (Level 3). 

6.3.1.3 Rock Characteristics, Guideline 10 CFA 960.4-2-3 

Postclosure rock characteristics-are important to-the long-term isolation capability of 
the host rock. The mining, operations during repository construction and the heat generated by 
the emplaCed wastelvmusCnOtcauso fractures or•the thermal alteration of minerali that would 
significantly diminish th•ability of the siteto'contain the waste. -  Ifextensive changes in 
the host rock occur, new pathways for radionuclide migration from the repository could result, 
and the isolation capabilities of the rock . couLCbeimpiired. 

This guideline includes a qualifying condition, two favorable conditions, and three 
potentially adverse conditions for analysis. It does not have a disqualifying condition. 
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6.3.1.3.1 Statement of Qualifying Condition. 

The present and expected characteristics of the host rock and surrounding units 
shall be capable of accommodating the thermal, chemical, mechanical, and radiation 
stresses expected to be induced by repository construction, operation, and closure 
and by expected interactions among the waste, host rock, ground water, and engi-
neered components. The characteristics of and the processes operating within the 
geologic setting shall permit compliance with (1) the requirements specified in 
Section 960.4-1 for radionuclide releases to the accessible environment and (2) the 
requiremente set forth in 10 CFR 60.113 for radionuclide releases from the 
engineered-barrier system using reasonably available technology. 

Evaluation Process.  To determine whether the Qualifying Condition with respect to the 
rock characteristics specified in 10 CFR 960.4-2-3 can be met, relevant data are summarized 
and evaluated. Evaluations are made regarding favorable and potentially adverse conditions at 
the site. These conditions and findings are summarized in Table 6-10. Conclusions drawn with 
respect to qualifying the site for further consideration as a potential repository are 
presented along with a rationale for these conclusions. Cross referencing to other sections 
of the report is provided. 

r Relevant Data.  Preliminary laboratory test data on the geomechanical properties and 
indices of Paradox Basin rock units are given in Table 3-5. These data are from rock core 
taken from the GD-1, borehole. In situ stresses and short-term in situ creep rates were 
measured in GD-1 in several salt cycles (Section 3.2.6.1). Chemical characteristics of Salt 
Cycle 6, obtained from core logs, geophysical logs, and petrographic and isotopic analyses of 
core samples, are discussed in Section 3.2.7.1. Thermal properties of salt and nonsalt rock 
core samples•from GD-1 were tested in the laboratory and data are summarized in Table 3-6. 
This information comprises the' data on which the following evaluations are based. 

Assumptions and Data Uncertainty.  Most of the available rock characteristics data are 
from the GD-1 borehole, located 5 kilometers. (3 miles) from the site. Rock properties 
typically vary from one location to another within the same geologic unit; therefore, some 
uncertainty exists when data are all from tests on rock from a single borehole. Sampling and 
testing from a site-specific borehole(s) is necessary to decrease the rock properties uncer-
tainties as much as possible. However, the samples from GD-1 appear to provide consistent 
values of geomechanical rock properties for all the rock types present when compared with 
measurements of similar rocks elsewhere. 

The sampling and testing for geochemical prOpertie•lram the ,GD71 borehole is not suffi-
cient for a statistical evaluation, though useful average percentages and qualitative distri-
bution data are given for the small amounts of mineral andirganiclaputities found in the 
salt host rock.- Inaanerespects, geochemical characteristics at the actual site ire antici-
pated to be more favorable, with decreased amounts, or the.absence of carnallite, kieserite, 
and sylvite in the salt (Sections 3.2.7 and 3.2.8). The presence of these substances and the 
organic materialvin,greater than expected amounts could resultin potentially adverse'. 
chemical conditions in the repoiitory horizon. However, short-term ambient andelevated-
temperature laboratory tests on core - samples have not yet revealed any suchAdverse condi 
time. Another area of 'uncertainty lies in the estimation of rock miss , properties 'on the 
basis of laboratory-tested intact specimens and the character and distribution of rock 
discontinuity features'such as joints; fractures, and bedding planes. 

• 
Evaluation of the,iite.againit the rock characteristics guidelineAaquires assessment of 

the response of the holt rock and surrounding units to repository construction and the thermal 
and radiation,effects.of the emplaced wastes. Available data on rock mass properties is•very 
limitedvand no,data is availablerfrom the eiteitself.: Furthermore; repository:deeign is in 
a very preliminary stage, andthe[verticallocation of-the repository within the'host rock has -
not yet been selected.: There,is considerable uncertainty'associated - with rock thermal and 
mechanical properties attheaite due to lack of data. Consequently, elaboratethermomechan-
Leal analysis and detailed Trediction ,of the response of the host rockto the imposed loads is -
not Tossible4t this time. Instea4the analyses . presented in , the following sections' are 
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highly simplified and generally deal with limiting cases established on the basis of geometric 
considerations or conservative assumptions of properties. Also, an approach which overesti-
mates risks or adverse impacts has been taken with respect to the evaluations of favorable and 
potentially adverse conditions. 

Because of the lack of site-specific data, uncertainties also exist concerning the thick-
ness of salt ,, above and below the repository. Estimates of the salt-bed thickness and the 
possible extentol, the disturbed zone are uncertain: (Section 3.3.2.3 and 6.4.2.3.5). .  

Analysis. The following analyses of favorable and potentially adverse conditions provide 
the evaluation relevant•to the qualifying conditions. 

The host rock, Salt Cycle 6, is estimated to vary between• 55 meters (180 feet) and about 
65 meters (215 feet) in thickness across the site. Figure 3-19 furthermore indicates that the 
salt maintains this thickness over a large area. This information, is based on core logs, 
geophysical logs, and the isopach maps derived from them. 

Porosity (both primary and secondary) related issues such as the effects of thermal 
conductivity, thermal expansion and ductility are evaluated. Salt has a higher thermal con- . 

ductivity than most other types of rock including basalt, shale, and granite. The coeffi-
cient of linear thermal expansion of salt (45 x 10-6/X) in the Paradox Basin is greater than 
that of the overlying rocks. The ductile nature of salt offsets the effects of this high 
thermal expansion. Creep closure of the backfilled rooms, it is anticipated, will compact the 
backfill to near its original in situ density and permeability. 

Uplift of the overlying strata due to thermal expansion is expected. This expansion 
could generate tensile stresses in the uppermost strata and thus generate fractures.. This 
uplift has been calculated to be about 1 meter (Laken et al., 1984, Table 7-3) and is dis-
tributed gradually over the ground surface. This uplift is not expected to create inter-
connection between the upper hydrostratigraphic unit and the host rock. The lower water yield 
and competent character of the rock units above the host rock tend to minimize the deleterious 
effects of uplift. 

Considerations such as rock mass 'integrity are-interpreted to be. adequate and as sUchdo 
not generate concern. It is.considered that the strength. and integrity of the salt and sur-
rounding rock. are sufficient such that existing technology would be satisfactory to ensure 
waste containment or isolation. 

6I.3.1'.3.2 Analysis of Favorable Conditions. 

, (1) khost reek that is sufficiently thick and laterally extensive to :  
allow significant flexibility in selecting. the-depth, configuration, an 

',. location of the underground facility to ensure isolation. 

Evaluation. Salt Cycle 6 is the potential repository horizon at the site: In:the site 
vicinity; therthickness of this cycle increases:from southwest.(upper SaltCroek area) 
northeast,(Cibson.Dome structure).- The thickness-.of SaltCycle 6-is estimated. to vary-across 
the sitelticinitylroma minimum of approximately 55 meters' (180 feet) to a maximum of -' 
approximately 65. meters (215 feet) (Figure 3-17, Section - 3.2.3.2) The minimum thicknest of:. 
the salt cycle within the geologic repository operations area must be. sufficient to adequately.: 
contain the planned, nominal 6-meter (20-foot) high mined storage rooms, emplacement holes, 
and atAeast a portion of the•zOne of'disturbeiroCk surrounding the openings 

To estimate the minimum required thickness of host rock, the dimensions of:the.following 
elements-are:consideredt(1) 6 meters (20 feet) of salt beneath the base sof the canister 
hole4'(2) the height of the'canister hole (6 mitere[20 feet)), (3).the room height (6 meters • 
120 feet]) and; (4)42-meters (39 feet) of salt cover over the storage room.'- This latter 
elementAs twice the - room height in order to' accommaate enlarged openings in they roof.nearli 
shaft stations and any'roof:strain not predicte&bran elastic model. Also vattehowmeir. 
Figurer3.719-Salt Cycle.6 -is at least'60-meters (200 feoa thick over a large:area:in the site 
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vicinity. On this basis Salt Cycle 6 is considered to be sufficiently thick and laterally 
extensive,to allow significant flexibility in selecting the repository depth, configuration 
and location. Based on the above estimate, a recommended minimum salt cycle thickness is 
assumed to be 30 meters (100 feet). The . thickness of Salt . Cycle 6 is expected to be 
approximately 60 meters (200 feet)'at the site. 

The evidence indicates that the favorable condition is present. 

(2) A host rock with a high thermal-conductivity; a low coefficient of 
thermal-expansion, or sufficient dUctilityto seaLfractures induced by 
repository construction,Hoperationi-veclosure or by interactions among 
the wasteilaost rock; groundwater; and engineered components. 

Evaluation.  Thermal conductivity varies as a function of temperature. Tammemagi et al. 
(1985, ONW1-364, p. 2) give an equation for calculating thermal conductivity in salt. Wang at 
al. (1983, MUG/CR-2910, Figure 3.9) compared the thermal conductivities of salt, basalt, 
shale, and granite and found salt to have generally higher thermal conductivities than the 
other rock types. 	- 	• 

The coefficient of thermal expansion for Paradox Basin is 45 x 10 -6/K (Section 3.2.6.2). 
Lagedrost and Capps (1983, BM1/ONWI-522, Figure 14) found the axial thermal expansion of salt 
to be higher than that of the rocks in the overlying strata. Additional data on temperatures 
within the host rock and surrounding units can be found in Section 3.2.6.2. 

Rock salt exhibits sufficient ductility (or plasticity) (Lorenz at al., 1981, p. 12) to 
close and seal ,  fractures, provided it is adequately confined and under sufficient pressure. 
Elevated temperatures will enhance this attribute of confined salt. The closure-sealing 
characteristics of confined rock salt under pressure are particularly beneficial in the far 
field of the planned repository to prevent development of potential flow paths. Furthermore, 
the closure-sealing behavior associated with the ductility of salt will hasten consolidation 
of crushed salt that is backfilled into waste emplacement rooms. Consequently, stress states 
will approach near lithostatic conditions in the salt backfilled rooms and surrounding rock 
formations. ' In general, fractures induced in the disturbed zone of the repository will also 
tend to be closed by salt ductility effects. 

Based on the analysis of borehole CD-1 drilling loge and laboratory test data, the salt 
fabric in the repository host rock is expected to be relatively competent and homogeneous over 
the total area to be mined (SCC, 1984, p. 3-4). After closure, the creep properties of the 
salt, discussed in Section 3.2.6.1, will tend to restore in situ conditions in the repository 
host rock. Based on an analysis of bedded salt with similar creep properties, radial stress 
buildup on bulkhead seats emplaced in repository openings will reach 50 percent of the ihitial 
in situ stress,in less than 10 years after closure, whereupon it can be reasonably concluded 
that any fractures in the salt adjacent to-the penetration should be at least significantly 
closed, if not totally healed, at this,stress level (Relsall et al., 1982, ONWI-405, p. A-30). 
Creep closure in backfilled waste storage rooms is expected to begin before the repository is 
sealed (Section 6.4.2.2). ' It is expected that creep closure will eventually compact the salt 
backfill to near its original, undisturbed density. 

Qualitative predictions of postclosure salt behavior lack precision 'because of the uncer-
tainties in the salt material Model and its parameter values. Qualitatively, however, a 
characteristic of salt'is its ability to undergo large deformations without fracturing in the 
postclosure stress and temperature environment. This plastic behavior is independent of 
variations in impurity content for a wide range of distributions and concentrations commonly 
encountered in evaporite mineralogy. Therefore, although the actual material parameter values 
are not known with certainty, the physical behavior of salt will reduce the -  stress concentra-
tions over time and will limit or prevent fracturing. 	 ' 

The , evidence indicates that the favorable condition is present. 
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6.3.1.3.3 Analysis of Potentially Adverse Conditional 

.(1) Rock.cOnditions that could require engineering measures beyonCreason, 
ablravailabletechnology'for.the construction, operation; and closure ofl 
the repositoryv if such measures are.necessaryto_ensurowaste containment 
or isolation, • 

Evaluation. No unusual engineering measures are necessary to ensure waste isolation or 
containment. The competence of the host rock and surrounding rock units is a function of both 
the intact rock strength-and the influence of the rock discontinuities pervading the rock 
mass. At high-confining stress, which exists at depth, the intact rock strength can have a 
major influence on rock mass strength. At low-confining stress, near excavated openings or 
the surface, the rock discontinuities can dominate the performance. At least one of the major 
rock mass classification systems commonly used for design of subsurface excavations incor-
porates intact rock-strength as one of the rating factors (Bieniawski, 1976). 

Comparison of the intact rock strength values given in Table 3-5, to engineering classi-
fications for intact rock (including rock salt) by Deere and Miller (1966) reveals the 
followings 

- - 
I. Sandstone and siltstone strata samples range.from some very low to low strength 

samples to `a majority of medium to high strength samples, and most are within an 
average modulus-to-strength,ratio band. 

. Limestone strata samples range from medium'to high strength samples -and are all 
generally within the,average modulus-to-strength ratio band. 

Salt data generally plot as .a high modulusi low-to-medium strength rock. 

The intact, rock component of rock mass performance-for the host rock and overlying rock 
units can.generally be rated as-favorable-basecLon.these-classifications. The expected per-
formance of the total rock, mass can be inferred in part from-the rock quality designation 
(RQD) parameter as logged during drilling, and by a review of in situ stress and water condi-
tions that were tested in the CD-I borehole. 

The RQD is generally high, between 90 and 95 percent, over the first 610 meters 
(2,000 feet) of overburden depth. Construction, operation and closure aspects for the shafts 
penetrating these strata should not present any problems. However, , approximately one-third-of 
the next 300 meters.(985 feet) of drilling down to the repository floor exhibited some high 
core losses and an average RQD value of 65. through 70 percent, which would classify the rock 

'.quality as.poor to fair (SCC, 1984,.p. 3-3). However, these conditions may have been caused, 
at leastlin part, by drilling techniques (WCC, 1982,.°NWI-388, Vol. /, p. 34). When drilling 
procedures were altered, the RQD was between95'and 100 percent through Salt Cycles 6 and 9. 
Within the,depthinterval tentatively characterized by SCC as poor to fair, from approximately 
550 to 850 meters (1,805 to 2,789 feet),, shaft. construction rates could be slowed (SCC, 1984). 
Good seals behind the' shaft ,  liner throughout the last. 300 meters. (984 feet) of depth will be 
important to prevent any preclosure or postclosure interaction between the aquifers in the .  

Elephant Canyon member and the salt at repository. level. No engineering measures beyond 
- reasonabIravailable technology are expected to, be required for any of this work,Aa noted 
already, the•qualityof the salt host rock at repository level is considered good.: There is 
little empirical data: concerning the- effects of heat on the stability of subsurface tunnels in 
bedded salt, but this will have a minimal impact on the long-term performance of the 
repository. 

•A discussion on.the•uncertainty concerning the. effect of. heat on the subsurface tunnels 
and how this will affect reexcavation and•Oupport ofithe tunnels is given in Section 6.3.3.2.2 
(2). While thermomechanical calculations can reasonably predict the amount of room closure 
and far-field behavior due to-creepAli theAtlt -, host•:tock they are not:reliable-in predicting 
the response of subsurface tunnels in.the early. stages of heating. There is also little field 
evidence to indicate what failure mechanisms are acting immediately around the mine openings 
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when bedded salt,is heated. It,appears, howeverp-that the effect of heating will be to 
exacerbate any tendencies for slabbing and spelling to occur, but it is not known how serious 
the effect will be on repository . performance after backfilling the openings. 

Rock salt exhibits sufficient ductility (or plasticity) (Lorenz at al., 1981, p. 12) to 
close and seal fractures, provided'it is adequately confined and under sufficient pressure. 
Elevated temperatures silt enhance this attribute of confined salt. ,The closure-sealing char-
acteristics of confined rock salt under pressure are particularly beneficial in the far field 
of the planned , repository to prevent development of-potential flow paths. Furthermore, the 
closure-sealing behavior associated with the ductility_of salt will hasten consolidation of 
crushed salt that is,backfilled into-waste emplacement rooms. Consequently, stress states 
will approach near lithostatic conditions in the salt backfilled rooms and surrounding rock 
formations.,-In general l. fractures induced in the disturbed zone of-the repository will also 
tend te_he 	brdintilitY effette• 	- 

_1( 	' 
 

is 	 i. 	;  
During decommissioning, the base of any shaft will be filled with concrete. Thereafter 

the salt sectors will be filled with crushed salt and the nonsalt sections backfilled with 
dense earthen material. Bulkheads of impermeable, material• will be constructed at selected 
intervals during backfilling. Finally the shaft will be capped with concrete 
(Section 5.1.4.2.2). 	: 

Preliminaryahaft-seal-performance analysis (Section 6.4.2.3.5) indicitesthat ground-
water flow through and around the shaft will probably be very small. A combination of both 
shaft and repository seals will reduce even further the likelihood of any ground water 
reaching the waste, thus ensuring isolation. 

_.The evidence indicates that the potentially adverse condition is 'not present. 

(2) Potential for such phenomena as thermally induced fractures, the 	. 
hydration or dehydration of_mineral components, brine migration, or other 
physical$ chemical, or, radiation-related phenomena that could be expected 
to affect waste containment or isolation. , .: 

Evaluation. Thermal fracturing is generally characterized as thermal decrepitation. 
This destructive mechanism is discussed in Section 3.1.2.6.2. Laboratory tests on selected 
core samples show that Paradox salt has been heated to 450 C (844 F) without' decrepitation 
effects (Senseny, 1982, ONWD-9[82-4], p. 155; Lagedrost.and Capps,,1983, BMI/ONWI-522), and 
this temperature is well abo;:e the , maximum allowable design_temperature of 250 C (482 F) for 
the repository salt. The formation of fractures due to thermal uplift, as discussed under the 
next condition, - is not expected to , affect waste containment or isolation. : 

Anhydrite and other insoluble minerals average only .4 to 5 weight percent, making the 
Paradox salt relatively pure._ Salt Cycle.6 contains the carnallite marker bed. Other nonsalt 
components-of Salt ;  ycle 6 include organic,carben contents ranging from 0.05 to 0.51 percent, 
which-is high relative to most other salt deposits. 
,• 

Based on the limited amount of data available, the potential for deleterious effects in 
host rock properties.caused by thermal dehydration of carnallite minerals or organic content 
present in Salt Cycle 6 is not apparent,-as discussed in' Section.3.2.7.1. and Section 5.2.1. 

It is well established, both by experiment and theory, that t liquid-filled brine inclu-f 
sions within salt crystals migrate up -a temperature gradient in the salt, and that the maxim= 
migration rates-that will occur within crystals in a repository can be estimated with reason-
able confidence'(Jenks and Claiborne, 1981, OBBL-5818, p. 1). Direct measurements by Bradshaw 
and McClain (1971, OREL-4555) at Project-Salt Vault project approximately .2 to 10 liters 
(approximately 2-to 11 quarts) of brine accumulation per emplacement hole, after approximately ,  

20 to 30-years (Carter and Hansen, 1983, p. 317), the rate of accumulation approaching zero at 
that time. This projection is compatible with modeling predictions of Jenks , and Claiborne 
(1981,ORML-5818,,p. -115). Such ratesvan be tolerated in a waste repository (Bradshaw and 
McClain, 1971. 09141.-4555)• Direct brine migration rates have not yet been measured for 
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Paradox salt, buttheyere:eipected . to be similar '-to 'the-calculated values ef:25•end 3 liters 
(approximately 26 and 8 quarts):in 100 years, for commercial high-leVel waste (CHLW) and spent 
fuel (SF), respectively, as.predicted'by-lenks and Claiborne (1981; ORNL•5818 p. 115) for 
bedded salt. The presence of, brine is expected to cause some corrosion of the waste canister, 
but theealUthickness'oUthe:catister s tan-be increased easily -to-accommodate the loge.' 

In tests of bedded,sait samples from the - Carey Mint in ;Wises, the compressive,strength 
of the.salt exposed to 5 x los roentgen was approximately 10 to 20 Rercent less-than for 
unirradiated salt, and the modules of elasticity was greater:than for unirradiated samples 
(Bradshaw et al., 1968).= Such changes are'not expected to cauie any major difficulties for 
the design of a repository (Bradshaw and°McClain; 1971,-ORNL-4555, pp. 7-10). 

From the preceeding discussion; it'is concleded-that this potentially adverse condition 
exists principally because significant uncertainties exist'regarding"the'potential deleterious 
effects on waste containment or isolation that could be caused by thermal dehydration of 
carnallite and organic minerals,- end=the potential' effects of brine migration. -  

The evidence indicates'that the'potentially adverse condition is present. 
A 

(3) A combination of geologic structure, geochemical and thermal proper-
ties, and hydrologic conditions . in the host rock and surrounding units 
such that the heat generated by the waste could significantly decrease the 
isolation provided-by the'holviock . as tempered with pre-waste-emplacement 
tonditiona.' 	' 

Evaluation. A known potentially disruptive mechanism to isolation that considers all of 
the elements of the above condition is the thermal uplift expected as a result of waste heet 
generation. Thermal uplift can cause tensile stresses to develop in the uppermost strata 
overlying the repository,, and may result in opening of eXistiig fractures in these strata. 
This fracturing could increase the potential for interaction between ground-water-bearing 
zones in the upper hydrostratigraphic unit and the host rock. Convection cells or buoyancy 
effects caused by the heat produce circulation systems that may introduce dissolution condi-
tions in the host rock and shorten waste migration pathways. In addition to analysis of the 
waste isolation integrity of the overburden that results from thermal uplift the surface 
effects Of this uplift need to be considered. 

The rock MASS properties of the strati- overlying the repository are pertinent'to this 
analysis. The RQD is between 90 and 95 percent over the first 610 meters (2,000 feet) of 
depth. Considering this evidence,'other drilling performance parameters o 'and the laboratory 
data, it is expected that the rock'mass quality should be good over this interval. The only 
aquifers of note encountered in CD-I occur within the. upper 363 meters (1,200 feet), and these 
are expected to yield approximately)2.8 x"10 -3: cubic meters per second (43 salient pet minute) 
to a 3.6-meter (12-foot) ditmetei shaft (WCC, 1982, OVWI-290, Vol. II, p. 9-17). Conditions' 
at the geologic repoiitory operations dreitare expected to-be similar to those Of CD-I. The 
low water yield and the generally competent character of reek units above the host rock are 
considered favorable conditions with regard to this .  potentially disruptive mechanism. 

Repository scale thermomechanical analyses by the DOE (1981 ', DOE/MWTS-I47[2]) and Russell 
(1979) shoal that'vertical uplift,caesed by heating of the repository, could be as 'much as 
3 meters (9.8 feet) and not cause isolation concerns. For example, Loken et al. (1984, 
Table 1-3) ca1culatede maximum surface uplift of 1 metet (3.3 feet). This' uplift is distrib-
uted gradeall4 over the ground surface' above the repository. This 1 meter doei not represent' 
a differential movement over a short distance pule wing& cause significant shear distortion 	' 
and cracking of the overburden.' The finite elemedt model used by Laken et al. (1934)'! 
accounted for stratigraphic heterogeneities of thermomechanical properties tor ieiesitory 
region formationd. They ignored discontinuities' such as jointi and fissuies not Only because 
of a lack of date, but 'alto becaese their omission would overpredict the thermoiechanicei 
response.' Their.caltuletions Overpredict'the theimeinechaeical -response in,another way. 
Because they made aft -elastic calculation; any stress relief due to creep closure of repositori-
excavations and compaction 'of room backfilr wee ignored. :Disregarding that, much of the '  
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stress driving uplift would dissipate in the creep closure of the repository rooms and 
consolidation of crushed salt backfill. Based on the above analyses and discussion, it is not' 
expected that thermal uplift will significantly reduce the isolation characteristics of the 
host rock. 

The evidence indicates that the potentially adverse condition is not present. 

6.3.1.3.4 Analysis of Disqualifying Condition. This guideline doei.not have a 
disqualifying condition. 

6.3.1.3.5 Conclusion for the Qualifying Condition. The requirements of the qualifying 
condition of the guideline (960.4-2-3) are that the present and expected characteristics of 
the host rock and the surrounding units shall be capable of accommodating the thermal, chemi-
cal, mechanical, and radiation stresses expected to be induced by iepoiitory Construction, 
operation, and closure, and by expected interaction among the waste, host rock, ground water`.' 
and engineered components, - such that specifications given in 10 CFR 960.4-1 and 10 CFR 60.113 
are met. 

The specifications state that - the geologic repository shall consist of a system of 
natural and engineered:barriers that will physically separate the radionuclide waste from the 
accessible environment after closure in accordance-with 10 CFR Part - .60'and 40 CFR Part 191. 

The natural barrier characteristics of the-hoitrock, in depth, 7 thickness,4id'Iaterai 
extent have been described v ii well as the expectedthermomechaniialinteractiont between the 
host rock and surrounding units relative to maintaining the specified level of waste 
standards. - FaVorable.conditions were found for thickness and laterWeitent of the host rock, 
and•the thermal properties and thermomechanical performance of thecOmbined naturarbarrier. 
system in'maintainingwaste isolation. No potentially adverse conditions or needs for - unugival 
engineering measures to maintain isolation, or conditions of thermaltiecrepitition,:dehydra- -  - 
Lion of mineralsolatine migrations or other phenoMena,'ornombinations of geologic structure, 
geoChemical, and thermal' properties and hydrologic conditions in the host rock or Surrounding .  
units that could lead to significant loss of isolation as a coniiquence,Of waste heat genera-: 
Lion were found. One potentially adverse condition was found in that dehydration of mineral 
constituents and migration Of brine to the canister could affect waste isolation.  

The evidence does not support a finding that the site is:not likely to meet the • 
qualifying condition (Level'3).- -  

6.3.1.4 Climatic Changes, Guideline 10 CFR 960.4-2-4 
• . 	. 

CliMatic Changes could, oyez-tithe, alter the geohydrologic system at'a , site. -  The guide- 
line for postclosure climatic changes focuses on changes that may favorably or unfavorably 
affect the ability of a repository to isolate waste after closOre. Sites at which projected 
climatic conditions will not be likely to affect radionuclide releasei Would be preferred over 
sites at which those conditions could affect releases.  

21 	-L 
This guideline includes a qualifying' condition, two favorable conditions, and two 

potentially adverse 'conditions for analysis. It does not have a disqualifying condition. 
I 	• 	 , 

6.3.1.4.1 Statement of Qualifying Condition. 

The site shall be located where future climatic conditions will not be 
likely to lead to radionuclide releases greater than those allowable under 
the requirements specified in Section 960.4-1. In predicting the likely 
future climatic conditions at a site, the DOE will consider the global, 
regional, and site climatic patterns during the Quaternary Period, tonsid-
ering the geomorphic evidence of the climatic conditions in the' geologic', 
setting. 

" 	- 	= 
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Evaluation Process, The prediction of future climatic conditions at the site, is based on • 

the premise that climatic - changes that occur in the future will be comparable to those that 
have occurred during the recent geologic past, the Quaternary Period, which is defined in the 
guidelines as the last two to three million years. Interpretation of Quaternary climatic ,  

variations is derived from the geologic and biologic record, from which both a long-term aver-
aged effect, and sometimes a maximum or minimum bounding factor, can be extrapolated. Global 
data define the cyclic nature and comparative intensities of Quaternary glaciations, whereas 
regional and local data indicate the magnitude of'climatic variations that may• characterize 
future conditions at the site. Local assessments are based on fluvial deposits linked ttt 
glacial cycles, pedologic studies, and analysis of pollen and vegetation debris that are found 
in pack-rat middens. 

Similarly, any potential change in subsurface hydrologic parameters or, dissolution-poten 
tial caused by future climatic variations, including dissolution, should be comparable to ,  ' 
hydrologic changes that occurred periodically during the Quaternary Period. This assessment 
is based on,the assumption that future climatic changes will be comparable to those that have 
occurred in the past. Subsurface geologic data were examined to assess whether changes in :  

climate resulted in increases in hydrologic flow rates as evidenced in the lithologic record 
of the Paradox Formation. The evaluations and the findings are summarized in Table 6-10. 

Relevant Data., This analysis includes several primary sources of information. The first 
considers global climatic changes. Pronounced, regular climatic fluctuations between glacial 
and interglacial conditions during the last , 1 million, years have been recognized in deep-sea 
cores (Bowen, 1978,,Table.10-11 Imbrie andambrie, 1979, Figure 39). However, global data 
provide no evidence that climates during the early or middle'part of this sequence were more 
severs than those associated with the later cycles (Meierding and Birkeland, 1980, p..167). 
Therefore, the more accessible, better preserved , geologic and biologic data,ofIthe most recent 
glacial episodes can be used to reconstruct climatic conditions that can be considered,repre-
sentative of previous periods of climatic cooling. Many paleoclimatic reconstructions are, 	1 
therefore, , based on data from the last full glacial maximum, termed the late Pleistocene or 
late Wisconsin, which extended from approximately 21,000 to 15,000 years before present (BP) -. 

(Spaulding et al., 1983, p. 263). 

The present Holocene age, defined as approximately the last 10,000 years (Imbrie --and:.
./mbrie, 1979, p. 178), is representative of climatic conditions that define the other extreme 
of the climatic cycle, the interglacial.: Global temperatures reached a maximum. during the 
Holocene, approximately. 7,000 years ago, when they were approximately 8 C (12 F) warmer:than:. 
ice-age levels, and approximately 2 C (3.5 F) warmer than they are at present (Imbrie and 
Imbrie, 1979, pp. 178-179). However, peak-temperatures durintrthe interglacial'atisotope; 
Stage 5e (128,000 to 118,000 years ago (Bowen, 1978, Table 10-1]) may have been 1 to 2 C (2 to 
3.5:7) warmer than the highest Holocenctemperatures(Imbrie and Imbrie,1979, Figure 48). 

A.second:primary source of. information consists of regional data.. Global climatic 
paiterns7amrepresented in the western United States by the'cyclic,pattern of glacial deposi. 
tion that is observed throughout high mountainous regions.,'The evidence-and- extent_ of multi-
ple Quaternary glaciations in southeastern Utah is described in Section 3.2.2.3. In summary, 
evidence of-glaciation has been observed only in the , LiOal'Mountains v where the: lowest eleva-
tion reached by glacialiicewasvapproximately 2,010 metera(6,600 feet),:-and the maximum:..... 
glacier length was 14.5; kilometers (9 miles). At their closest point, the La Sal glaciers 
were 45 kilometers (28 miles) from the site (Richmond09620 11ate 1), which is atanr..3 
elevation of approximately 1,567 meters (5,140 feet). Only periglacial features have been 
observed in thkAbajo Mountains,35Ailometers (22 miles) south of the site. 

Late Wisconsinan climate: in: the Southwest, described:in.Section 3.2.2.3,.,was character-
ized by greaterLeffective moitture,and mean annualitemperaturet that may.have beelv•pproxi-
mately 10 C.118 F) coolerthan'at present.,.:The:endof late Wisconsinan climatic conditions, 
as seen in pluvial:lake and vegetation:records, ,,occurred; at approximately 11,000 . .years BP, 
although the transition to Holocene climates was gradual, and at various locations occurred 
between approximately 15,000 and 7,800 years BP (Spaulding et al., 1983, p. 263). 
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A third primary source of information is local paleovegetation data. Pollen and vegeta-
tional debris found in fossil pack rat middens have been used to interpret local paleoclimatic 
conditions throughout the Southwest, and a preliminary study has been completed near Davis 
Canyon (Betancourt, 1984; Betancourt and Biggar, 1985, BMI/0NWIA.570). Two sequences of 
middens thatspan the ilast 13,000 years have been sampled on the south side of the Abajo 
Mountains, 30 and 80 kilometers (20 and 50 miles) south of the site. Latest Wisconsinan 
climatic parameters interpreted from the macrofossil data•in these middens (summarized from 
Section 3.2.2.3) indicate a 4 C (7 F), and not more than 5 C (9 F), lower mean annual 
temperature than present-day. values (Betancourt and Biggar, 1985, BMI/ONWI-570, Table 4-1, 
P. 64). Mean annual precipitation values 13,000 to 11,000 years ago may have exceeded present 
amounts by as much as 114 percent. Therefore, annual precipitation may have been as great as 
46 centimeters (18 inches) at the site, which now has an annual average precipitation of 
approximately 21.3 centimeters (8.4 inches) (Section 3.4.3.3). .  

During Holocene time, temperatures increased and precipitation shifted from a winter-to 
summer-dominant rainfall, relative to latest Wisconsinan conditions. The middle Holocene was 
characterized by a warm moist climate. This assessment is based on the apparent local and 
regional increase in abundance of Gimbel oak, whose northward expansion would be favored by 
increased summer rains, combined with a reduction of spring freezes (Betancourt, 1984; 
Betancourt and Biggar, 1985, BMI/ONWI-570,,pp. 73-74; Neilson and Wullstein, 1983). 

A fourth ,  source of information consists of ,  geomorphologic and surficial geologic data 
from the site. The topographic position, occurrence, and texture of surficial geologic 
deposits can be attributed to Quaternary climatic changes and extremes, and can provide 
insight into the extent to which geomorphic and dissolution processes may be affected by 
future climatic changes. Regional data, as well as data from Indian Creek,,which is north and 
east of the site and drains the Abajo Mountains, have been collected and examined. During ' 
glacial stages, Indian Creek transported and deposited gravel-sized cleat. Streambed incision. 
probably occurred during a part of the glacial cycle when discharge was high and sediment load 
was low (WCC, 1982, OEMI-290, Vol. I, pp. 3-8 to 3-9). ' Based on .calcic soil development, 
terraces that are ;approximately 32 meters (105 feet) above present stream level may have 
formed approximately 135,000 years ago (or earlier) (Table 3-2; WCC, 1982, ONWI-290, Vol. II, 
pp. 4-8 to 4-9), the beginning of the Isotope Stage 5e interglacial stage. A lower terrace at 
20 meters (26 feet) above present stream level was probably formed during the early stage of 
the more recent glaciation, or . around 75,000 years before present (Imbrie and Imbrie, 1979, 
p. 186). A maximum,incision rate for glacial stage streams calculated from the topographic 
position and minimum estimated age difference between these two sets of Indian Creek terraces 
is 0.2 meter (0.7 foot) per 1,000 years, which is comparable to the long-term incision rate 
calculated for the Colorado Plateau (Sections 3.2.2.2 and 6.3.1.5).- Comparable studies on 
terracesjofsimilar age on Pack, Creek, near Moab, resulted in estimated maximum incision rates 
of 0.4 meter (1.2 feet) per 1,000 years (Table 3-2). 

The other climatic extreme, the warm, dry conditions of an interglacial, is represented 
by unconsolidated, fine-grained fluvial and eolian deposits that are Holocene in age, and 
occur throughout the site and,vicinity,(WCC,1982, ONI-290, Vol. II, Figure 4-1). Radio-
carbon dates of  uP to 10,000years BP have been derived from the fluvial deposits that occur 
as fill within the bedrock channel rather than on strath terraces above the_present channel. 
Periodic flushing of fine-grained stream channel deposits, and subsequent refilling of the 
bedrock channel, has occurred during Holocene• time, as indicated by cut-and-fill.structures 
observed in streambank exposures. However, little to no evidence of significant bedrock 
incision during Holocene time.was observed in the -vicinity of,the proposed site, and the rate ,  

at which streams downcut into bedrock during'the last 10,000 years is almost , imperceptible. 
It appears that the long-term bedrock incision rate of approximately 0.24 meter (0.8 foot) per 
1,000 years (Section 643,1.5) does not reflect the rate at which bedrock incision occurs under 
interglacial climate conditions. .  

A fifth primary source of information is calcic soils. The preservation of calcic soils•- 
on Quaternary deposits of varying ages throughout the Paradox Basin is indicative of a preva-
lent arid and semi-arid climate for at least_the'last 0.5 million and possibly 2 million 
years. ; Preservation of_the calcium carbonate in these-soils makes it unlikely that .  
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precipitation exceeded 50 to 70 centimeteis,(20 to 25 inches) for any significant period of 
time during the Quaternary period (Section 3.2.2.3). 

As described in: Section 3.2.2.4, Richmond's (1962) studies of Quaternary deposits and 
soils in the La Sal Mountains, near Moab, provide an indication of the relatibnship between 
soil carbonate and precipitation in southeastern Utah. Prominent calcic soils are currently 
observed below 1,980 meters (6,200 feet) where annual rainfall is estimated at 27.2 centi-
meters (10.1 inches) (Betancourt and Biggar, BMI/OHWI-570, 1985, p. 25). These soils also 
survived pluvial glacial periods without visible evidence of leaching and carbonate erosion. 
During the cooler, wetter Late Pleistocene, the minimum elevational depression of alpine and 
montane plant species on, the southern flank'of the Abajo Mountains was 700 to 850 meters 
(2,300 to 2,800 feet) (Betancourt and Biggar, 1985, BMI/OVU7-570, p. 77). Therefore, calcic '  

soils, observed today at 1,890 meters (6,200 feet) in the La Sals, could have been subject to 
precipitation amounts which occur today at elevations of 2,590 to 2,740 meters (8,500 to 
9,000 feet). Current precipitation at these higher elevations is 58.1 centimeters 
(22.9 inches) to 67.7 centimeters (26.7 inches). These observations support the theory that 
precipitation in the site vicinity did not exceed 50 to 70 centimeters (20 to 27.5 inches) 
during Quaternary time. 

A sixth primary source of information is hydrogeologiC data. The repository host rocks 
occur below the ground-water table. Diagenetic changes in the Paradox Formation, evidenced in 
the GD-1 core, have resulted in essentially total occlusion of porosity in the evaporite 
strata section (Section 3.2.7.1). Stability of the intrinsic hydrologic characteristics 
(porosity and permeability) of the rocks 'in the upper hydrostratigraphic unit (above the salt) 
is also indicated during and prior to the Quaternary Period by the diagenetic products in pore 
space of GD-1 core samples (McCulley et al., 1984, p. 24). Laboratory tests on the host rock 
indicate that its porosity and permeability are effectively zero (Section 3.3.2.2). Geophysi-
cal logs of drill holes near the site and the core from GD-1, show no evidence that dissolu-
tion has occurred in the Paradox Formation since deposition of the evaporite sequence 
(Section 6.3.1.6). Mineralogic composition and depositional features in the salt indicate' 
essentially no influx of water into the potential host rock since diagenesis of the Paradox 
Formation (Section 3.2.3.3). 

Assumptions and Data Uncertainties. Three assumptions are included in the assessment of 
future climatic changes. The first is the human influence on future climatic changes. The 
primary assumption is that during the next 100,000 years climatic conditions will return to 
those that characterized the Pleistocene glacial periods. However, industrialization and the 
resultant increase of carbon dioxide, and other trace gases, in the atmosphere may disrupt the 
cyclic pattern that has characterized the climatic fluctuations of the Quaternary period - - 
(Schneider and Temkin, 1977, pp. 30-32; Imbrie and Imbrie, 1979, pp. 184-187; Schneider and 
Loader, 1984, pp. 307-348). 

The principal concern is the effect of the addition of carbon dioxide to the earth's 
atmosphere-through the burning of fossil fuels. As the Carbon dioxide content of the atmo-
sphere increases, there is an increase in the atmospheric absorption and'emission of 
terrestrial infrared radiation (the greenhouse effect), resulting in the warming of the lower . 
atmosphere and cooling of the stratosphere (Schneider and Londer, 1984, 0. 346). Imbrie and 
Imbrie (1979, P.-185) referred to the resulting warm period as the "super-interglacial age" 
because projected global' temperatures are approximately 1.7 C (3 F) higher than those postu-
lated for any previous interglacial periods, or the present 'one; These authors speculate that' 
the superinterglacial effect would last approximately 2,000 years, after which time the long-
term cooling cycle, driven by changes in the earth's orbit, would reassert itself. Basically, 
the greenhouse effect, predicted from an increase of carbon dioxide and aerosols in the atmos. 
phere, would delay the initiation of global cooling, but would not be a long-term effect 
interfering with the character, timing, and recurrence of the next full glacial period, which' 
is postulated as beginning approximately 23,000 years from now (Imbrie and Imbrie, 1979, 
p. 1864181). 	 ) 

A second assumption concerns continuity of the subiurface strata. 	e assessm 	Of 
impact of climatic change on the hydrologic system of the repository horTiz

h 	ent 	the
on assumet that the 
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repository layer(s) at the site is laterally extensive and comparable to the correlative 
stratum encountered in the nearby drillholes (Section 3.2.3.3). 	• 

The third assumption regards the use of pack rat middeh data to reconstruct paleocli-
mates. Pack rats• construct their middens from materials they, can forage within 100 meters 
(300 feet) of their dwellings (Betancourt and Biggar, 1985, BMI/ONWI-570, p. 1). Because 
fossil pack rat middens are commonly found along rocky escarpments that could have been a 
local .refugium for plants o 'specific plants that appear as abundant in midden debris may be a 
local phenomenon that l is not indicative of the vegetational community of,the area. Eleva-
tional analogs used in midden analysis may, therefore, overestimate the amount of climate 
change represented by the vegetation debris if pollen data, which are representative of a much 
broader area, are not simultaneously examined (King and Van Devender, 1977,,p..203). 

,Elevational analogs used to reconstruct paleoclimatesat a midden site assume that mean 
annual precipitation and temperature are the controlling factors in determining plant distri■ 
bution (Spaulding et al., 1983, . p. 272). Actually, the presence (or lack) of competitive - 
species may control the elevational range of some plants, and their present distribution may 
be different than what it was during Wisconsinan time for that reason (Betancourt and Biggar, 
1985, BMI/ONWI-570, p. 118). 

HinAlarly,:plantiassociations are also commonly assumed to be constant from Wisconsinan 
to present time. •However, plant species respond individually to external forcing factors,'so ,  
during periods of pignificant climatic.change, associationsvould be varied as the plant 
community adjusts.itself to new conditions.. As data:for the Southwest_accumulate, it is, 
becoming apparent that major vegetation zones at 18,000 years before present may not have 
direct equivalents in the modern vegetation growing nearby athigher.elevations (Cole, 1982). 
Therefore, recent interpretive studies tend to focus on the dynamiCs of individual plant 
species, particularly those,that.have'been found to have unique distributional behavior 
(Spaulding at al., 1983, pp. 2727276).. 

Analysis. The evaluationused-to show compliance with-the requirements of,thelechnical 
Guideline involves (1) the analysis of the quality of data used to reconstruct:Taleoclimates,:, 
(2) the identification of geologic and hydrologic processes that could_be affected-by climatic,. 
change and'that are siinificant to containment of radionuclides, end.(3) an-assessment of the:..- 
effect-that climatic change would have on the rates at which these processes:are operating. 

Jiata_quality was:assessed through the'comparison-oflageoclimatic:reconstructions - derived 
by various means. .,Qualitative paleoclimatic reconstructions:are derived,from the geologic and 
pedologic data, whereas the paleovegetational data colleCted . from fossil pack rat middens can. 
provide a quantitative value for former temperatures and precipitation. In the data evalua- 
tion, the results derived using the two different-approaches were found to be compatibli.and 
reasonable. In addition, they are also comparable with findings from similar studies con-
ducted elsewhere in the.Southwest (Spaulding et:al.,.1983; Spaulding, 1983). 

The geologic and hydrologic processes that may be affected by climatic change and are 
significant to,siting are (1) stream incision during periods.of-high discharge of a glacial 
stage, (2) dissolutionAq the repository. rock resulting from increased ground-waier.flow 
through-the host - rock, as a result of glaciationvand (3) the rate at which dissolution is . 
occurring. 

The rate of stream incision calculated in the preceeding section . for.the time - period.' 
bracketed by Indian Creek fluvial terraces of Bull Lake- and Pinedale-equivalent glacial 
stages is a maximum of 0.2'meter (0.7,foot):per:1,000 years. This rate is comparable to the 
long-term average rate of stream incision,whichiaapproximately 0.24 meter. (0.8 foot)-or,- 
less, calculated for the Colorado Plateau (Section 6.3.1J). These data indicate a possible 
but.small . increase in the rate at which stream incision'occurs'during - glacial,cycles. Such a._ 
change may be expected as stream flow increased due.to an increase in•precipitationi but-bed-
load 

 
 had not yet increased (Sinnock, 1978, p. . 	wpc,:1982, ONWI•290i Vol.I,. Figure.3-10). 

However, the terrace data indicate that any short-term increase in incision rate is not 
significant to the safety of a repository constructed at a depth of approximately 885 meters 
(2,900 feet) (Section 6.3.1.5). 
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Essentially no data are available'On changes in hydraulic gradient caused by past cli-. 
matic variations. However, by making the simple worst-case assumption that future - precipita-
tion rates increase to the point where the water table reaches ground surface in the Abajo 
Mountains, the resultant` hydraulic gradient between there and the Colorado River is not sig-
nificantly greater than the present maximum apparent hydraulic'gradient - estimated from'GD-1 
hydrologic tests. 	• 

The effect of climatic'change on the rate of hydrologic flow through the repository host 
rock was evaluated to benegligible because of the lack of evidenCe.that flow parameters hid 
changed in Pleistocene time. -A change of any significance to waste Containment by the host 
rock during previous glacial - cycles would have resulted in indications that dissolution of the 
evaporatic strata, or at•least some evidence of ground-water flow through the evaporites t  had 
occurred. This evidence has not been observed in subsurface data available in the vicinity of 
the site (Sections 3.3.2.2'and 6.3.1.6), The effect'of climatic change-on intrinsic porosity 
and permeability of the rocks above the salt also - seems to be small, based on petrographic 
examination of GD-1 core, and an evaluationof diagenetic products (McCulley at al., 1984, 
p. 24). 

Data are not presently available regarding the effect of climatic change on the occur, 
rence or rate of dissolution. Areas where geomorphic and stratigraphic evidence indicate that 
dissolUtion has occurred or is suspected to halm occurred are discussed in Sections 3.2.5.6 
and 6.1.1.6. As stated in these-sections, the closest feature that may be due to dissolution 
is 14.5 kilometers (9 miles) from the site. At distances closer to the site, no Quaternary: 
deposits or, deformation that may be indicitive of'dissolution have yet been recognized. 

6.3.1.4.2 Analysis of Favorable Conditions. 

(1) A surface-water system such that expected climatic cycles over the 
next 100,000 years would not adversely affect waste isolation. 

'Evaluation. For this evaluation, an-increase in the rate of incision of the surface 
water system ivconsidered.to be the principal , adverse effect that would result from expected 
climatic changes over the next 100,000 years. As discussed above, an increase-in incision 
rate might be expected during glacial conditions such as those known to have occurred during' 
the Quaternary Period in the geologic setting. Using a maximum rate of incision of approxi• 
mately 0.4 meter (1.2 feet) per 1,000 years as the rate of bedrock incision during a glacial 
cycle, streams'in the. site may inciie ' approximately 40 maters - (132 feet) into the present bed-
rock surface during the next 100,000 years (Section 6.3.1.4.2). This process will not affect. 
the'integrity of a - repository developed at a depth of:approximately 885 meters (2,900 feet). 

The evidence indicates that the favorable condition is present. 

(2) A geologii.setting - inwhichclimetic changes - have had little effect on 
the hydrologic system throughout the Quaternary period. 

Evaluation. -In thii evaluation, change - in recharge to the: hydrologic system is coneid- -  
ered to bethe- principal - effect - that may result from climatic change. Climatic changes.during. 
Quaternary'time.are interpreted to have:increased precipitation by. as much as 120 perdent. 
Hence, the recharge to the subsurface hydrologic system should have increased and, as a '  

result, the rate of flow through subsurface hydrostratigraphic units, as well as the potential 
for host rock dissolution, may have been increased. 

It:is uncertain to - what degree these changes affected the hydrologic system. However, it. 
does not'appearthat-changes'of a,siMilar magnitude would adversely affect the waste isolation_ 
capabilities•of.the sitii! if they were to - occur inthe-future., ' As discussed in, ,  
Section 6.3.1.4,2, pait)climate fluctuations:are notiknoWn to have altered intrinsic:porosity 
and.pormeability.. Increased recharge in the'Abajo.Mountainewould-also not- significantly -  
change the hydraulic giadient"oVar existing' ,  values. - ' 
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Examination of geophysical logs of drillholes in the site vicinity indicates that no 
dissolution has occurred in the salt sequence penetrated by these boreholes (Section 6.3.1.6). 
Therefore, the site is located in an area in which the available data indicate that dissolu-
tion, as a result of climatic changes, has not occurred during the Quaternary period. If 
dissolution had occurred during Quaternary time, it would have likely occurred along more 
susceptible geologic structures at distances greater than 14.5 kilometers (9 miles) from the 
site (Section 6.3.1.6) .. However, data are not available to assess whether this dissolution 
has been ongoing, was affected by climate changes during Quaternary time, or whether the rate 
of dissolution, if it has been occurring during Quaternary time, has been affected by 
Pleistocene climatic changes. 

The above evaluation suggests that Quaternary climatic changes do not appear to have had 
a significant observable effect on the hydrologic system. However, the phrase "little effect" 
in the favorable condition statement has been taken to mean "measureable changes." On the 
basis of existing information, it is not possible to state that no measureable changes 
occurred in the hydrologic system as the result of Quaternary climatic changes. 

The evidence indicates that the favorable condition is not present. 

6.3.1.4.3'Analysis of Potentially Adverse Condition. 

(1) Evidence that the water table could rise sufficiently over the next 
10,000 years to saturate the underground facility in a previously 
unsaturated host rock. 

Evaluation. This condition is not applicable to the site because the host rock is 
already below the water table. 

The evidence indicates that the potentially adverse condition is not applicable. 

(2) Evidence that climatic changes over the next 10,000 years could cause 
perturbations in the hydraulic gradient, the hydraulic conductivity, the 
effective porosity, or the ground-water flux through the host rock and the 
surrounding geohydrologic units, sufficient to significantly increase the 
transport of radionuclides to the accessible environment. 

Evaluation. Although discharge of surface streams was higher than at present during 
glacial periods, as indicated by the size of cobbles in Pleistocene stream gravels, no effects 
on the hydrogeologic character of the host rock for the repository have been observed. Labo-
ratory teats on the.host rock indicate that its porosity and permeability are effectively zero 
(Section 3.3.2.2). Therefore, essentially no movement of ground water exists through the 
proposed repository rock. This condition is not expected to change during future climatic 
changes because several climatic changes of comparable magnitude to projected future varia-
tionslave occurred in the geologic past. No evidence has been seen in geophysical logs of 
nearby borehole'', or during geologic inspection of the CD-1 core, of an influx of external 
ground water into Salt Cycle 6 since diagenesis of the salt deposits in Pennsylvanian time 
(Section 3.3.2.1). 

As discusied inlection'6.3.1.4.2, core data from the CD-I borehole show no evidence of 
changes in intrinsic porosity and permeability in the rocks of the upper and lower hydro-
stratigraphic units resulting from climate change(' during glacial periods. 

• 
Increased recharge in the Abajo Mountains would also not significantly affect the 

hydraulic gradient in these 'units. The potential effect of an increase of precipitation on 
the hydrologic. system is discussed in Section 6.3.1.4.1. Using - the hydrogeologic character-
istics of the - Upper Hydrostratigraphic Unit, as presented in Section 3.3.2,4 simple worst 
case assumption was made, in which future precipitation rates increased to the point where the 
water table reached ground surface in the Abajo.Mountains. The resultant hydraulic gradient 
between the Abajo Mountains and the Colorado River is not significantly greater than the 
present maximum apparent hydraulic gradient estimated from CD-1 hydrologic tests. 
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The evidenceindicateetfiat the . potentially . adverse condition is not present. 

6.3.1.4.4 Analysis of Disqualifying Condition. The climatic changes guideline does, not. 
have a disqualifying condition. 

6.3.1.4.5 Conclusion for. the Qualifying Condition. The requirements, of the qualifying. 
conditions of this guideline are that climatic changes will not.lead to radionuclide releases 
greater than those allowed under the requirements of 10 CFR 960.4-1, or specifically, that 
releases meet the requirements of•.0 CFR Part 60 and 40 CFR Part 191. 

The magnitude of climatic change that can be expected to occur in the future is expected 
to be comparable to the climate that was estimated to have characterized the late Quaternary 
Period. In response to climates of . . a glacial stage, the surface hydrologic system may, incise 
stream channels into bedrock at a rate that is slightly higher than the long-term average dis-
cussed in Section 6.3.1.5. However, this more rapid, rate of incision would not lead to an 
increase in radionuclide releases during the time period specified in Section 6.3.1.5, because 
the stream incision would not approach within 610 meters (2,000 feet) of the repository 
(Section 6.3.1.5). 

No evidence that the subsurface hydrologic system has:been influenced by climatic changes 
during the Quaternary Period has been observed in sirficial geologic deposits or geomorphic 
features in the site or in available; subsurface hydrologic, hydrochemical,.or geophysical data 
within the site (Section 6.3.1.4.2). These data indicate that-if-dissolution is occurring in 
proximity to geologic structures that extend from the ground surface to(orthrough) the 
Paradox'Formation, and are a minimum of 14.5 kilometers (9 miles) from the site, the dissolu-
tion front has not extended.is far,as'the . data points near the site, nor has .it affected.the 
ground surface. 

The above: data demonstrate that compliance with conditions specified in 10 CFR Part 60 
and 40 CFR Part 191, which refer to acceptable release of radionuclides to the accessible 
environment, can be maintained during futureolimatio , changes.: Climatic variations that may 
occur during the. lifetime of the-. repository are projected from climatiC chenges that have 
occurred during the Quaternary period,. and are expected to ba:of comparable magnitude. 

The evidence does not support•a findinLthat:the.site-is not , likely.to meet the 
qualifying condition (Level 3). 

6.3.1.5 Erosion, Guideline 10,CFR 960.4-2-5 

The objective of the Technical Guideline on erosion is.to ensure that erosional processes 
will not degrade.the waste-isolation,capabilities of a site.: Inevaluating the potential 
effectsol erosion on waste isolation, the depth. of the hostrocklemost:important...The-site 
should allowthe'underground facility tobe:placed.ata depth' sufficient to ensure that the 
repository will not be uncovered or otherwise 'adversely affected. The disqualifying:condition 
in the guideline on erosion states that-therminimumdepth is 200' meters.(656 feet); a depth of 
at least 300 'meters (984 feet) is a favorable condition.. 

This guideline includes a qualifying condition, three favorable conditions, and two 
potentially adverse conditions for analysisi,::It- also has one disqualifying Condition..:• 

6.3.1.5.1 Statement. of Qualifying Condition. 

Theeite shall. allow the undergroUnd facility to be placed at a depth such that': 
erosional processes acting.upon tht Surface: will, not be likely tolead to. radioH: 
nuclide releases,greater than.those allowable under the - reqUirementivspedifiedAt 
Section 960.4-1. It predicting theLlikelihdod of potentially disruptive erosional: 
prodessesi the DOE will coniiderithe climatic, tectonic, and geomorphic evidence of.: 

-ratetand patterni of erosion , in.the - geolokic setting during the._ paternary Period. 
1 
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_Evaluation Process._ Rates of erosion for the Quaternary period are calculated from data 
available for the site and vicinity; and are compared with those derived for a more extensive 
area , of the Colorado Plateau teCtonic-province. Long-term rates of.incision, based primarily 
on geomorphic data, can also be compared with rates calculated from incised features inter- 
preted to be climate-related. The depth to which erosion may occur, using the maximum of the 
calculated rates of incision, is then compared with the actual depth of waste emplacement to 
assess the potential for erosion to cause radionuclide releases that are in excess of those 
allowable under the specifications of 10.CFR 960.4-1. The ,  evaluations and findings are 
summarized in. Table 6-10. 

Relevant Data. This analysis includes several data sources. The first source is depth - , 
to the proposed repository horizon. The proposed salt horizon for repository development is 
Salt Cycle 6, which occurs at a depth of approximately 885 meters (2,900 feet) (McCleary and .  

Romie, 1985, Figures'4-6 and 4-7). Derived.depths to the proposed repository horizon are 
based on available nearby well'data. 'This horizon is penetrated by CD-1, a DOE well-located 
5 kilometers (3 miles)_northeast of the site; a Gulf Oil Corporation well, 11.2 kilometers 
(7 miles) to the east; and a Pure Oil Company.well, 11.2 kilometers (7 miles) to the north- 
west. The Champlin Petroleum Company well,'8.8 kilometers (5.5 miles) southeast of the site, 
penetrated the top of the Paradox Formation but did not extend down into Salt Cycle 6. The 
closest data point to the southwest is the Occidental Petroleum Corporation Well No. 2 in Beef 
Basin, 22 kilometers (13.5miles) from the site (McCleary and Romie, 1985, Figures 1-1, 4-7, 
and A-28). 	 * 

The second information source is the calculated rate of river incision in the vicinity of 
the geologic repositoryereai and the derivation of these data. 1 Throughout Quaternary' time 
the Colorado River and its tributaries have been downcutting through the` sedimentary bedrock 
strata of southeastern Utah in response to regional uplift of the Colorado Plateau that began 
approximately 10 million years' before the present-(BP) (Section 3.2.5.4). The long-term 
incision rate for the larger-perennial streams (the:Colorado,. Green ., - and San Juan rivers) has 
been calculated to be approximately 0.24 meter (0.8 foot) per 1,000 years or less (WCC, 1983, 
ONWI-92, pp. 40-44, Table4-2; 1982, WWI-290,ra. 	pp. 3-20 to 3-21, Table 3-10). This 
value is obtained from the elevations of radiometrically dated lava flows, paleomagnetically 
reversed deposits, and fluvial terrace remnants' above present river levels. The incision 
rates calculated from these data, which represented 27 locations reported in the literature, 
range from 0.03 to 1 meter (0.1 to 3.3 feet) per 1,000 years'during late Tertiary and 
Quaternary time (WCC, 1983, ONWI-92, Table 4-2). 

These data were augmented in WCC 1982 (ONWI-290, Vol. I, Table 3-10) with 11 additional 
data points. Recalculation of an average incision rate,"using only data having either radio-
metric, pedologic; or paleomagnetic age control (17 elite points; WCC, 1982, ONWI-290, Vol. I, 
Table 3-10) results.in  the same rate of less than 0.24 meter (0.8 foot) per 1,000 years. The 
compilation of these data and data reported in the literature since 1982 are presented in 
Section 3.2.2.2. 

. The most accurate' estimations• of incision rates are derived from radiometrically dated 
Tertiary or Quaternary deposits or, secondarily, deposits dated On the basis of magnetic 
polarity or pedologic development. The locations along the Colorado River and its major 
tributaries where radiometric dates 'are available are listed in Table 3-2, Part A. Less 
precise estimates based on paleomagnetically reversed deposits and soil development along 
these major streams are listed ,separately in Table•3-2, Part B. A final category, incision 
rates along smaller tributary streams, is also giien in Table-3-2, Part D. The derivation of 
incision rates estimated by these methods is described in Section 3.2.2.2. 

The third source of data is modern sediment yield data from stream flow measurements and 
sedimentation data for reservoirs (Section 3.2.2.2), which can be used to estimate historic 
erosion rates over an entire , drainage-basin. Average annual sediment yields may be estimated 
by periodically sampling the sediment, concentration in rivers, or bymeasuring the changes in 
reservoir volume caused by 'sedimentation. 'These data can also be compared on the basis-of 
credibility of stratigraphic units exposed.in the drainage basin (Section 3.2.2.2). 



Denudation rates for watersheds-in the Colorado Plateau are shown in Table 3-3. Historic 
denudation rates of 0.09 to 0.9 meter (0.3 to 3.1 feet) per 1,000-years, based on the data for 
reservoirs in lithologic units of erodibility Classes 2 through 4, fall within the same range 
as the erosion rates calculated from geomorphic relationships (Table 3-2). 

The fourth source of data is in regard to erosion by mass movement of,large bedrock 	, 
blocks in the grabens area of the Needles Fault zone. The grabens are an arcuate system of 
linear downdropped bedrock blocks that extend film 25 kilometers (16 miles) along the east side' 
of Cataract Canyon on the Colorado River. The grabens system averages approximately 
7.2 kilometers (4.5 miles) in width, and at its widest point extends 12 kilometers (7.5 miles) 
east from the river.. Cataract Canyon is approximately234I meters (1,120 feet) deep below the 
confluence of the Colorado and Green river.:  

Issues of interest' to: the siting of a repository in Davis Canyon are (1) the mechanism by 
which the grabens have formed, , (2) the rate at which deveLopment has occurred, and (3) whether 
graben development will propagate eastward to the proposed GRUA. Proposed mechanisms for ,  
graben formations discusseciin Section.3.2.2.2 include• gravitational sliding off the western' 
flank of the Monument Upwarp into Cataract Canyon, dissolution (discussed in Section 6.3.1.6) 
and tectonic processes (Section 6.3.3.4). 	, 

The estimated range for the age of the graben system (discussed in Section 3.2.2.2.3) 
provides a means of calculating rates at which the grabens may propagate eastward to the GROA. 
Given the assumption that mass movement processes, hence, graben formation did not begin until 
after 1.4 million years ago when Cataract Canyon'formed, and they have developed over a dis-
tance of 7.2 kilometers (4.5.niles) since then, the 'Owes bound on the rate of graben forma-
tion is 5.2 meters (17,feet) per 1,000 years. The upper limit on the rate of graben growth is 
provided by the assumption, based on dated sediments in a graben (Betancourt and Biggar, 1985, 
BMI/ONWI-570, p. 22); that, graben development began 85,000 years BP and has'progressed east-
ward over :a distance of 12 kilometers (7.5 miles) from the river (Section'3.2.2.2.2.3). These 
parameters provide a maximum rate of graben development of 140 meters (465 feet) per 1,000 
years. At its closestdistance, the eastern margin of the grabens is 16.4 kilometers 
(10.5 miles) from the proposed geologic repository operation area in Davis Canyon. If graben 
development were to continue eastward at the maximum rata estimated without being' influenced 
by the geologic structure, of the Monument Upwarp, grabens might begin to form in the GROAN 
within approximately 120,000 to 3,250,000 years. 

This time span, particularly the lower bound, is considered a 
due to the structural influence of the. Monument Upwarp. 

A fifth source of data is' the' erodibility of bedrock units. (Section 3.2.2.2) that overlie 
the repository horizon. In the vicinity of the site, Indian Creek and its tributaries are 
incised ,  into sandstone and siltstone bedrock' of the Permian Cutler Formation and the Cedar 
Mesa Sandstone (erodibility class 3 through 5) (Table 3-1). The top of the Elephant Canyon .  _ 
Formation informally referred to as the Indian Limestone in DOE studies (WCC, 1982, ONWI-290, 
Vol. II, p.,5-5), formaapproximately 10-meter (30-foot) high waterfalls in both Indian Creek 
and Salt.Creek, to the west.' This nick point in the Indian Creek profile is, therefore,,the 
datum to which all upstream flow is graded. Where exposed between the Colorado River and the 
waterfalls, the limestone becomes, more sandy to the east and was• not detected in the DOE. GD.4 
well (WCC,. 1982, ONW1-290, Vol. II, Figure 5-3). Upstream of the limestone' outcrop; Indiad 
Creek widens to an open amphitheatre area, whereas the stream is confined to a steep-sided 
canyon downstream of the nick point. 

, 	' 	• 	, 
The site is located on a tributary to Indian Creek, and is approximately 24 kilometers 

(15 miles) upstream from the mouth of Indian-Creek on the Colorado River. 
- 

The long-term' incision rate for streams that flow through the geologic - repository opera- 
tions area is.assessed to be less than the long-term incision rate calculated for the 
Colorado, Green; and San Juan rivers. Due to.the distance to the Colorado. River, incision 
into the upper plateau surface id the vicinity of the site would have occurred later than when 
it occurred at the Colorado River. Resistant bedrock livers would create a larger impediment 
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to the downcutting of tributary ;  streams than to, the Colorado River because of-the lower . 
erosive power of the tributaryetreams. This assessment is-evidencedby a comparison of the.: _  
depth to which the respective streams , have already eroded below* common datum. The.Colorado .  
River is entrenched. 700 meters (2,300 feet) below its highest outermost canyon rim, rePre-. 
seated by Grand View:Point, AztecJIutte v and the Kno11,-tetween theCreen-and Colorado rivers,: 
These topographic featuresaretheerosional remnants of ;a surface developed on the resistant 	. 
Navajo and Wingate sandstones. In-the vicinity_of the geologic repository operationvarea, 
this surface is represented by Hatch and Harts points, -Bridger Jack Mesa, and the mesa south-,:-__:-2 
east of the geologicrepository,operationa area. The Indian Creek amphitheater area4nd the-
adjacent geologic repository:operations area are approximately-490to - 530:meters:(1,600 
1,750 feet) lower than this.surface...These-observationsaupport the,conclusionthat long term 
incision rates for Indian:Creek tributariealave been and willibe less than those calculated 1 
for the Colorado River..- 	_ 

As Indian Creek downcuts into , its present bedrock channel, the rate of incision would:be' 
affected by the erodibility of rock units encountered in the subsurface. Formations that 
would be incised by Indian Creek are more resistant to erosion with depth, as lithologies 
change from siltstone to sandstone and finally to predominantly limestone of-the Honaker Trail: 
Formation (NCC, 1982, ONWI-490, Vol: I, Table 3-2; Vol. II, Figure-5-3). %Erodibility would: 
subsequently increase at the top of the less resistant Paradox Formation, which is at.a depth-
of approximately 825 meters (2,700 feet) in the site area. 

The long-term rate of incision that has-been calculated for the major rivers in_the 
Paradox Basin represents an average rate for incision through the rock units of:varying 
erodibilities. The Colorado River, for example, has eroded down to:the top,of the Paradox 
Formation southwest of the site (Huntoon et al., 1982).* Therefore, the long-term rate of 
incision is assessed to•be a reasonable estimate of the average rate at which stream incision 
will probably occur in the site during the lifetime of the repository. - 

The sixth source of data addresses the rate of scarp retreat. Sudden failure of blocks 
from cliff walls and bedrock ledges appears to be the dominant mechanism of scarp retreat and 
therefore, valley widening .-in southeastern Utah (Section 3.2.2.2.2). 

,Estimated rates of scarp retreat for the repository area can be examined in termvof the 
relaive erodibilility of the• local stratigraphic unitis, which it discussed in 	... 
Section 3.2.2.2.2. Calculated rates (Table 3-4) based on long-term geomorphic relationships 
(MCC, 1980, Table 4-5) range from 0.24 to 0.5 meter (0.8 to 1.8 feet) per 1,000 years in for-
mations of erodibility classes 2 through 5, and from ,7 to approximately 23 meters (23 to . 
74 feet) per 1,000 years for the Book Cliffs, which are developed in the'Mancos-Shale (erodi-' 
bility class 7). In the areas being considered for repository siting, strata of erodibility 
class 7 have already been removed and incisionthat•ccurs during the lifetime of the reposi-
tory will be occuring in rock units of credibility classes .2 through 5 (Section 3.2.2.2.2). 
Therefore, a scarp retreat rate pertinent to repository siting is approximately 0.24 to 
0.5 meter (0.8 to 1.8 feet) per 1,000 years.: ,  

Assumptions and Data Uncertainties. Several assumptions are included in the assessment 
of future rates of erosion. The first assumption is that tectonic uplift of the Colorado 
Plateau, which is a significant factor in determining'the rate of the river incision, shall 
continue to occur during the lifetime of the:repository t 'and at the same-rate that it has 
occurred during late• Cenozoic and Quaternary time (Section 3.2.5.4), 

• , 	- 
.:The second-assumption relates-to short-term perturbations in:incision:ratesi: The long-.: 

term incision rates, some of Which were calculated on the basis,of.a time...pan 0U:several 
million,yearv(Table 3-2), mask , chronologicallyahort-term perturbations in the rate -atVhich 
thia-process is occurring, asevidenced,bythe,data available-at:Clenwood :Springs 
Grand Canyon. Short-term variations in.the downcutting ratc_ iprobablyoccurbecause -of changes 
in bedrock lithology, climatic changes, regional:tectonic processes, and changes in the rate 
of plateau uplift. Time periods , whenthe,incision'eate has been greater thanthe:calCulated 
long-term,alueahave heentounterbalanced,bytimeawhen the opposite has occurred. 

- 	. 	. 	. 
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The third assumption considers the incision rate of the Colorado River. -In calculating`` 
rates for river incision on the Colorado Plateau, Quaternary or late Pliocene deposit! were 
identified along the Colorado River from Glenwood Springs, Colorado to the Grand Canyon, ' 
Arizona. Amounts of incision,since deposition of theSe and other deposits along other rivers 
were used to derive long-term incision rates for the site. Radiometric dafes on lava Min 
are available in only a few places along the Colorado River Canyon. However, the available 
data do indicate'that the innermost part of the Grand 'Canyon may be older than the inner 
canyon at Glenwood Springs. During the last 1.2 million years, the river has downcut only 
15 meters (50 feet)• at Lava Falls in the Grand Canyon! (McKee et al., 4 1968, p. 133). At 
Glenwood Springs, a 1.5 million-year-old lava flow ig 305 meters (1,000 feet) above the 
present canyon bottom (Larson et el., 1975). These variable rates during the same time period: 
may represent a stream that is near equilibriunCin the Grand Canyon, and a stream that is 
downcutting to reach equilibrium farther upstream in Colorado. Therefore, the calculated 
long-term incision rate is an averaged value in terms of both short chronologic perturbations 
and the variable geomorphic processes - operating along the length of a fluvial system. 

The fourth assumption is that the incision rates calculated from the Glenwood Springs, 
Colorado data reported by Larson et al. (1975) have not' been affected by salt flowage and 
tectonics in the Pennsylvanian evaporite deposits that extend eastward from the Glenwood 
Springs area (Tweto, 1979). This consideration was not addressed' by the authors in their 
studies. 

The fifth assumption is in regard to accuracy of erosion rates derived from modern 
sediment yield data. For greatest accuracy, sediment concentration data should include the 
suspended, dissolved, and bed components of total stream load; however, suspended load is 
usually the only component measured. Techniques used to measure suspended loads commonly 
underestimate true sediment concentrations (Brown, 1945). The bed load is sometimes estimated 
as a percentage of the total load, and the dissolved load (the smallest.component in arid . 
regions containing mostly clastic rocks) is sometimes estimated or measured but is commonly 
ignored. ' 

Erosion rates based on sediment yield data are most accurate if the sediment Concentra-
tion records span several decades because short-term climatic fluctuations can significantly 
affect sediment' yields (Brown, 1945). Erosion rates based.on reservoir sedimentation data are 
reasonably accurate if the period of records is for'at least 10 years. In one study, 80 per-
cent of sediment yield values calculated from reservoir sedimentation were judged to be within 
30 percent of the 'correct values, and the retaining 20 percent were thought to be within 
75 percent Of the correct values (Brown, 1945) '. This is considerably more accurate than 
sediment concentration data.  

Historical erosion rates can be calculated by estimating the average annual sediment . yield (commonly stated in tons per square mile) from i e draznage basin. An average bedrock 
density (usually 2.64 grams [0.09 ounce] per cubic centimeter) was used to convert the mass of - 
removed sediment to an average rate of lowering of the ground surface (commonly stated in 
inches or feet per thousand years). , 	• 

The sixth set of assumptions was used to calCulate the rate of graben growth eastward to 
the GROA.. In deriving these calculations, it was assumed-that the Monument Upwarp would not 
influence 'the rate of graben development, and that graben formation began between 85,000 and' 
1,400,000 years BP. The grabens are concentrated' on the western flank of the Monument Upwerp 0  
(Figures 3-6 and 3-28), which dips gently to the west. At the Davis Canyon site, which is 
approximately 14.5•kilometers (9 miles) east' of the crest of the upwarp (Kitcho et al., 1984, 
Figure 341), the strata dip 1.6 degrees to the northeast (Section 3.2.5).•If the grabens are:' 
a manifestation':of mass movement processes resulting from the erosion of Cataract Canyon, the-
grabens'shoUld not propogate eastward over the crest of, the upmarp. Therefore, they would;n0i 
reach the site, where the strata dip in the opposite direction. 	 :J 

. 	 . 

/n using thd date derived for a geologic sample collected from graben fill tO calculate- 7  
the minimum age of the grabens, it was'assumed that the 65,370-year date accurately reflects' ! 
the time when the graben formed. The structure would actually be older, having formed prior 
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to the time when sediment accumulated in it. Additionally, the depth of the fill is not 
known; the sample was collected from the ground surface, and may represent only the youngest, 
surficial layer of several tens of meters of sediment accumulated through time in the graben. 
Therefore, the date reflects only.the minimum age of the graben. 

It is also assumed-that the 65,370-year date itilan accurate reflection of the age of the 
deposit. The date was derived using - thermoluminescence (TL) analysis* a relativley new dating 
technique in the scientifid community. However, the date is supported by a second .TL date of '- 
61,540, which was derived from sediments approximately 1 meter (3.3 feet) stratigraphically 
above the first dated'sample..Therefore, the dates have been interpreted as acceptable data. 

- 	 t 

-The seventh assumption addresses:the application of subsurface data. In the'derivation 
of depth to the proposed repository horizons at the geologic.repository'operations area, t.'- 
was assumed that very:little deformation, caused by tectonism, salt flow,cor salt dissolution, 
has affected the relatively flat-lying salt beds (WCC, 19820M-290, Vol. /I* pp. 5-10). 
Therefore,-it is assumed that the stratigraphic interval of interest can be projected into the 
site area as a continuous slab. These assumptions regarding the uncomplicated, predictable 
stratigraphy of the saline facies in the site are based on studies by=others of the Paradox 
Basin and the interpretation of well data (Section 3.2.3.). Because of the inferred regu- 
larity of the saline sequence, actual depths to the top of the proposed repository horizon are '  

expected to be within 30 meters (100 feet) of the estimates given above. It is judged to be 
highly unlikely that the error in the estimate would ibe as great as 150 meters (500 feet). 

Analysis. The evaluation used to show compliance with the requirements of the,Technical 
Guideline follows the approach presented above. Using the long-term rate of incision, of 
0.24 meter (0.8 foot) per 1,000 years, the maximum depth to which the Indian Creek tributary 
in the site is expected to incise is 2.4 meters (8 feet) in 10,000 years and 240 meters 
(800 feet) in one million years. Using a higher rate (a maximum of 0.4 meter [1.2 foot] per 
1,000 years) calculated for glacial-estage fluvial deposits along Pack .Creek l  nearMoab,'the 
depth of incision would be 4 meters (12 feet) and 400 meters (1,200 feet), respectively, for 
time periods of 10,000 years and one million years. ,These projected depths of incision are:- 
considered to be conservativelestimates. 	. 

All of the depths of erosion calculated above do not intercept the top of the Paradox 
Formation, which is expected to be at a depth of 825 meters (2,700 feet) in the geologic 
repository operations area. 

6.3.1.5.2 Analysis of Favorable Conditions. 

(1) Site conditions that permit the emplacement of waste at a-depth of at 
least 300 meters below the directly overlying ground surface. 

Ev luation. Salt Cycle 6 is estimated to occur at a depth of approximately 885 meters. 
(2,900 feet (Section 3.2.3). 	 . 

The evidence indicates that the favorable condition is present. 

(2) A geologic setting where the nature and rates of the erosional processes that 
have been operating during'the Quaternary. Period are predicted to have less than one 
chance in 10,000 over the next 10,000= years of leading to releases of: radionuclides 
to the Accessible environment. 

Evaluation. The following evaluation considers whether the nature and rates of erosional 
processes operating in the geologic setting during the last 2 million years.would, if corr. 
tinued into the future, have an unacceptable probability of creating pathways for radio-
nuclides to reach' the accessible environment. Based on the description ofthe nature and rate 
of the erosional processes given above, streams are predicted to erode,no gore than approxi-
mately 4 meters (12 /eet) below the present ground sbrface in 10,000 years; Given that the...- 
wastes sill be buried at depths exceeding 885 meters (2,900 feet), it is highly unlikely that 
erosion will lead to releases of radionuclides to the accessible environment in the next 
10,000 years.  
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The evidence indicates that the favorable condition is present. 

• 

(3) Site conditions such that waste exhumation would not be expected to occur during 
the first one million years after repository closure. 

Evaluation.:  Based on the conservative long-term incision rate given above, streams in 
the site are projected to erode no more than 240 meters (800 feet) into their present stream 
channels during the first one million years after repository closure. However, due to the 
likely occurrence of another glacial period during this time period, a potential depth of 
erosion has been calculated using the incision rate of 0.4 meter (1.2 feet) per 1,000 years. 
On this basis, a maximum depth to which incision is expected to occur during this time period 
is 400 meters (1,300 feet).' ,  These projected depths , of incision are considered to be conser-
vative estimates. The above discussions indicate that it is unlikely that the grabens would 
propagate eastward across Monument Upwarp. However, even though conservative estimates of 
the graben propagation rate indicates that the grabens could reach'into the GROA within the 
next one million years, this process would not exhume the waste. The repository might be 
disrupted, but the waste; at elevation 675 m.(2,220 feet), would still be buried below the 
expected river level in Cataract Canyon. Applying the conservative incision rate of 
0.24 meter (0.8 feet) per 1,000 years, the Colorado River level in Cataract Canyon is 
projected at approximately 815 meters (2,670 feet) elevation. 

The evidence indicates that the favorable condition is present, 

6.3.1.5.3. Analysis of Potentially Adverse Conditions. 

(1) A geologic setting that shows evidence of extreme erosion during the 
Quaternary Period. 

Evaluation.,  During the QUaternary_Period,'erosiOn , inthe candidate area has been almost'.:? 
continuous; with intervals during which 	terraces (representing intervals of deposi—: 
tion)_were formed along-streams - afirmajor rivers. ilowever, the conservative, long-term rate 
of incision, less than 0.24 to 0.4 meter (0.8 to 1.2 foot) per - 1;000 years; is-not judged 
be an extreme rate. 

The evidenceAndidateathat;the Potentially'adlierse conditiomis not present. 

(2) A geologic setting where the nature and rates of geomorphiC processes 
that have been operating during the Quaternary Peried - cou14 during the 
first 10,000 years after closure, adversely affect the ability of the geo-
logic repOsitory to isolate . the - waste. ,  

Evaluation.  Projection of the nature and rates of geomorphic processes that will affect 
the site during the first 10,000 years after closure is based on4eologid evidence - of the 
influence of these processes on the area during the last 10,000 years air-during Wisconsinan 
time (the last 125,000 years). No significant bedrock incision has occurred in the site 
during the last 7,760 4. 155 years(Section:3.2.2.2.1), and probablY-not - sincethe enrof-late 
Wisconsinan climatic conditions approximately 10,000, or 11,000 years BP. Data extrapolated 
from soil development-.onstreamterraceS - attributed-to Wisconsinan climatic - changis:indicate 
thatfltheiaverage- ratwoUbedrockAncisioi - diring , this period of'fluctUating climatic 
conditibna_wiacomparable:to the-long-term incisionrate(Table:3-2vWCC; , 1982i ONW14490, 
Vol. II, pp. 4-13). Other geomorphic processes (mass-wastingi eaten, glacial) are not 
expected to affect the underground repository (WCC, 1982, ONWI-290, Vol. I, pp. 3-3 and 3-27). 
Baieren:thelQuaternarrgeologie record,:geomorphicprocesses:shouldnotedversely iffeetLthe 
abilityrof the repository,tcriaolate thetwaite.- 

t.., 
- :.)..1f.graben:developientis due to mass movement processes,'rand Wire:to - continuereastward 

acrosi:theJlonuMent.Upwarp:into the.CROA; it is-estimated that graben formation would not 
disrupt - theieite , initWa minimUm'OU120,000 - yeersfrbarthe'present.LThereforir  eastWatrprej 
pagatiowof-theigrabe0yetei wOulrnOeadVerielyaffectthe ability of thegeolOgic 
tory to isolate the. waste - duringthiefirst 10,000-yeari , after closure. 

.•!-, 
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The evidence indicates that the potentially adverse condition is not present. 

6.3.1.5.4 Analysis of Disqualifying Condition. 

The site shall be disqualified  if site conditions do not allow all por- 
tions of the underground facility to be situated at least 200 meters below 
the directly overlying ground surface. 

The disqualifying condition does not apply to the.site because the proposed repository 
horizon is at a minimum depth of approximately 885 meters (2,900 feet) below the ground 
surface. 

The evidence does not support a finding that the site is disqualified (Level 1). 

6.3.1.5.5 Conclusion for the Qualifying Condition.'  The requirements of this guideline 
are that the radionuclide releases to an unrestricted area resulting from this qualifying con-
dition are not greater, than those allowable under the requirements of 10 CFR Part 60•and 
40 CFR Part 191. ;  

The data presented above show that the underground facility shall be constructed at a 
depth such that erosional processes acting on the ground surface would not jeopardize the;in-
tegrity of the repository and thus would not lead to xadionuclide release during the first 
1,000,000 years of operation. 

The evidenceloes not support a finding that the'site is not likely to meet the quali-
fying condition (Level ST 

6.3.1.6 Dissolution, Guideline 10 CFR 960.4-2-6 

The objective of the Technical GUideline on dissolution is to ensure that dissolution 
processes will'not adversely affect the waste-isolation capabilities of the site., The princi-
pal concern is that the dissolution of the host,rock might create new pathways for radionu-
clide migration to :the surrounding geohydrologic system. The sites with salt as the host rock 
are the most vulnerable to dissolution, and the effects of salt dissolution on waste isolation 
will be an important,consideration in evaluating a site in salt. 

The site shall be located such that any subsurface rock dissolution will-
not be likely to lead to radionuclide releases greater than those allow-
able under the requirements specified in Section 960.4-1. In predicting 
the likelihood of dissolution within the geologic setting at a site, the 
DOE will consider the , evidence of dissolution within that setting during 
the Quaternary Period, including the.locations,and characteristics of dis- 

- r solution-fronts or other dissolution features,.if identified. 

Evaluation Process.  Relevant data, such as the locations of known and possible dissolu-
tion features in the geologic,setting are provided. A discussion of assumptions and uncer-
tainties associated with the evaluation is presented, and an assessment is made of dissolution 
within the context of the guideline. The evaluations and findings are summarized in 
Table 6-10. 

Relevant Data. This analysis includes several, primary data sources. These include; 

-01 The locations and characteristics of known and potential dissolution features' 
relative to'the geologic repository operations area (GROA) MC, 1982, ONWI-290, 
Vol. II; McCleary and Romiei 1985) , . 
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• Reflection seismic geophysical surveys of the candidate area (latch() et al., 
1984) 

• Gravity surveys (Kitcho et al., 1984) 

• Geophysical logs of Petroleum exploration'holes in the candidate area - (McCleary 
and Ramie, 1985) 

Surface mapping data (WW, 1982, ONWI 290, Vol'. II) 

• Core and geophysical logs of the Gibson Dome No. 1 (GD-1) borehole (WCC, 1982, 
ONWI-388) 

• Chemical analyses of salt precipitants and ground water (WCC, 1982, ONWI-290 
Vol. I; McCulley et. al., 1984; Sayala .1985; Kunkle, 1984).  

The reflection seismic and gravity survey data were acquired from petroleum exploration 
sources and are proprietary. Survey locations and title blocks showing recording and 
processing parameters for these data are compiled (Carbiener, 1985). 

The known dissolution features in the candidate area are Lockhart Basin (located approxi-
mately 19 kilometers [12 miles] north of)the GROA) and Beef Basin (located approximately 
23 kilometers [14 miles] southwest of the GROA). The potential dissolution features in the 
candidate area are the Needles Fault zone, and the Shay/Bridger Jack/Salt Creek graben system. 
These features are 17 kilometers (10.5 miles) west and 15 kilometers (9 miles) south of the 
GROA, respectively. 

In Lockhart Basin well control, seismic reflection surveys, geomorphic relationships 
(surface mapping), and gravity surveys indicate that all or part of the salt in the Paradox 
Formation has been removed over an area of approximately 23 square kilometers (9 square 
miles). The Wingate Sandstone rims Lockhart Basin, and erosional remnants of this formation 
in the center of the basin occur at elevations approximately 275 meters (900 feet) lower than 
the rim. The area of dissolution is roughly circular and bowl shaped with no salt present in 
the center of the basin and a partial salt section present on its flanks. A number of breccia 
pipes are present in Lockhart Basin (Buntoon and Richter, 1979, pp. 45-53). These pipes of 
resistant, cemented, breccia project as small hills above the surrounding country rock which 
is often gently infolded for a few hundred feet around the. pipes. The exact origin of the 
breccia pipes is uncertain; they are probably related to the dissolution of salt as their 
occurrence is confined to the area of salt dissolution. 

Lockhart Basin is underlain by a system of northwest-trending faults (Xitcho et al., 
1984, pp. 14-15). Well control and seismic reflection surveys confirm that some of the faults 
have sufficient displacenient to have juxtaposed Paradox Formation salt against the Leadville 
Limestone. It`is probable that salt dissolution is related to this structural juxtaposition. 
The Lockhart Fault (a northeast-trending structure mapped at the surface) appears to bound the 
northwestern side of the dissolution bowl and is thought to be a tensional feature related to 
the collapse of the basin (Section 3.2.5.1). The results of a gravity survey of the area 
indicate that a gravity high is present over Lockhart Basin (Kitcho et al., 1984, p. 19). 
This anomaly is interpreted to reflect the absence of low density salt. 

Beef Basinis not as well defined a feature as Lockhart Basin. The original thickness of 
the_Paradox Formation in the area of Beef Basin was approximately 300 meters-(1,000 feet), 
compared to approximately 750 meters (2;500 feet) in Lockhart Basin (McCleary and Romie; 1985; 
Figure A-9) and the percentage of salt in the formation, based on regional depositional 
trends, was probably less (Elston et al., 1962; Figure 1). This is interpreted to explain the 
observation that the geologic and geomorphic features characteristic of dissolution at depth 
which are dramatically displayed in Lockhart Basin are not as well developed in Beef Basin. 
The Cedar Masa Sandstone is• the only unit cropping dist it the vicinity' of Beef Basin and, 
without other stratigraphic units exposed, accurate estimates of the amount of downwarping are 
not possible. No breccia pipes have been noted in Beef Basin. - Geophysical logs of petroleum 
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exploration wells in Beef Basin indicate that salt dissolution has occurred but well control' 
is so sparse that it is not helpful in delineating the boundaries of the basin. , 

The seismic reflection information from Beef Basin were not interpretable; therefore, the 
subsurface structural configuration of the basin is not well known at this time. .Beef Basin 
is also'outside the limit of-the gravity.survey conducted for this program so its gravity 
signature is not known at, this time. 

The Needles Fault zone is an area of potential dissolution. Huntoon (1982) discusses 
several theories of origin for the Needles Fault zone and concludes that the most likely mech-
anism is gravity-driven, down-dip gliding of a brittle plate over the Paradox Formation salt. 
Regardless of the exact mode of formation, the Needles Fault zone presently contains many open 
fractures that can provide pathways for meteoric water or ground water to reach the salt of 
the Paradox Formation and cause dissolution. Saline springs with a salt concentration of 
approximately 20,000 milligrams per liter (less than seawater) are present in Cataract Canyon 
of the Colorado River adjacent to the Needles Fault zone. This is suggestive of dissolution 
within the salt (VCC, 1982, ONWI-290, Vol. II, pp. 9-8' and 9-9). At the present time,,no 
borehole or reflection seismic data are available from within the Needles.Fault zone and the 
exact -age of formation of the fault zone is not known. Therefore, the possible amount and 
rate of -dissolution that may be occurring within the Needles Fault zone is not known. 

The Shay/Bridger Jack/Salt Creek Graben system is another area of potential salt dissolu-
tion. The faults bounding the'grabens as mapped at the surface (Figure 3-25, Section 3.2.5.1) 
have displacements ranging up to 98 meters (320 feet). Interpretation of seismic reflection. 
data indicates that the Mississippian (Leadville Limestone) surface is offset 30 meters 
(100 feet) (Kitcho et al., 1984, p. 10). The seismic reflection data are not clear on the 
continuity of the surface faults with the faults cutting the Mississippian strata (Kitcho et 
al., 1984;4. 11). For the.purpose of this discussion, these faults are considered as 
features that may provide a pathway for ground water that. could result in dissolution. How-
ever, it should be noted that the Shay/Bridger Jack/Salt Creek Graben system has a sharp 
surface expression unaccompanied-by downwarping, infolding, or breccia pipes, and that seismic. 
reflection data show no indication of dissolution along these structures. The station spacing 
of the gravity survey limited the minimum resolvable anomaly width to 3.2 kilometers (2 miles) 
(Kitcho et al., 1984, p. 6); - therefore narrow features such as Shay Graben are not observed in 
the data. There is one borehole located between the Shay and Bridger Jack Grabens, but no 
geophysical logs are available for'the salt section, so no evaluation of dissolution was pos 
sible at that location. 

SeismicIreflection data in Davis Canyon indicate that all of the Paleozoic reflectors are 
undisturbed and dip gently to the northeast (Mitch° et al., 1984, p. 16). There is'a small-. 
displacement fault (30 meters [100 feet)) in Davii Canyon but it appears to be confined to the 
Precambrian crystalline basement. The closest fault to the Davis Canyon site that cuts the 
Leadville Limestone is fault 14 -a northwest-trending fault 1.6 kilometers (1 -mile) oorth'of .  

the GROA (Figure 3-27), with.an interpreted maximum displacement of.80 meters.(265 feet) . 
(Kitcho et al., 1984, Figure 5-3)._ Isopach maps (McCleary and Romie, 1985, Figures A-5i A-7) 
indicate that the combined thickness of the Moles and .  Pinkerton Trail formationais 110 meters , 
(365 feet) at fault R. Since these two formations separate the Leadville Limestone from the 
Paradox Formation, it.is.interpreted that the Leadville Limestone and the Paradox Formation 
are not juxtaposedby fault R. Such juxtaposition is thought to be related:to dissolution in 
Lockhart Basin. 

The gravity survey indicated dissolution in Lockhart Basin, as discussed earlier. Addi-
tionally, gravity data show indications of dissolution along the Trough Springs Fault approxi7 
Lately 6.4 kilometers (4 miles) northeast of the basin. In the vicinity of Davis Canyon, no ,  

gravity anomalies were observed that would indicate significant subsurface geologic structures 
(Kitcho et al., 1984, p. 20). 

Another source of data relevant to identifying dissolution within the site area is the 
evaluation of borehole geophysical logs. Five boreholes (Figure 3-12, boreholes 26, 27, 29, 
33 and 35), including continuously cored 0-1, penetrate the full thickness of the Paradox 
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Formation or deeper strata near the site. No features characteristic of post-Pennsylvanian 
salt dissolution (e.g., breccia zones, concentrations of insoluble residues) were observed in 
the core from CD-1. Geophysical logs of the four other boreholes that penetrate the Paradox 
Formation near the site' were compared to the CD-1 logs; no anomalous geophysical signatures ;  

indicative of dissolution were observed. In Lockhart Basin, where dissolution did occur, it 
is recognized on geophysical logs by erratic, inconsistent log signatures (McCleary and Romie, 
1985, p. 60). 

Field mapping is yet another data source within the site and its vicinity. Surface geol-
ogy in all or part of the site has been mapped by Detterman (1955), Huntoon at al. (1982), 
Lewis and Campbell (1965), and WCC (1982, ONWI-290, Vol. II). None of these investigations 
detected features within the site vicinity that are known to be indicative of dissolution at 
depth such as faulting, breccia pipes, structural collapse, or infolding of surface strata. 

A last data source is chemical analyses of ground water in boreholes in the region and 
ground-water precipitates at springs in the candidate area. The high salinity of Leadville 
Limestone water samples at the GD-1 borehole indicates salt dissolution (McCulley et al., 
1984, Table 3-1). However, no isotopic evidence was found to indicate that circulating ground 
waters are modern meteoric waters. Regional data on total dissolved solids (TDS) (WCC, 1982, 
ONWI-290, Volume 1, Figure 9-17) indicate that TDS generally increases to the northeast of the 
site, indicating that the source of the salinity observed in the CD-1 borehole is in the fold 
and fault belt of the basin or in known dissolution areas (e.g., Lockhart Basin). Isotopic 
evidence (McCulley et al., 1984) suggests that the Honaker Trail Formation water, which over-
lies the Paradox Formation, is an admixture of evaporated seawater and ancient meteoric water. 
This argues against geologically recent dissolution and suggests the source of the Honaker 
Trail water is ancient connate or diagenetic water. 

Analyses of salt crust at springs in the candidate area (Sayala, 1985; Kunkle, 1984) 
suggest that the salts are leached from finely disseminated salt in the Cedar Mesa Sandstone 
by local, shallow ground water. No deep ground water source is indicated for the seeps or the 
salts precipitated (Section 3.3.2), as would be the case if they were related to dissolution. 

Assumptions and Data Uncertainty. Within the candidate area, evidence for identified 
dissolution features consists of sagging or down-warped surface strata, faulting, breccia 
pipes, anomalous seismic reflection patterns, and the absence or partial absence of salt as 
indicated on borehole geophysical logs. A major assumption of this discussion is that if 
these characteristics are absent in an area, as they are in the site, no significant salt dis-
solution has occurred. The major data limitations are the sparse distribution within the site 
vicinity of wells that penetrate the Paradox Formation, and limited seismic reflection cover-
age. The only element providing uniform coverage of the site is the surface mapping data. . It 
is estimated that the limit of detection for dissolution features from surface mapping is 
approximately 31 meters (100 feet) of vertical dissolution over an area of , 2.6 square kilo-
meters (1 square mile) which is approximately degree of dip. Features smaller than this, if 
they exist, probably wouldlnot be detected. Data on dissolution-related Quaternary deforma-
tion is limited becausd of the scarcity of Quaternary deposits at critical locations in the 
geologic setting and at the site. 

.1- 
Analysis. The evaluation of dissolution in the site geologic setting, during the . 

Quaternary Period, is addressed in the following evaluations of conditions. There are no 
indications of Quaternary-age dissolution at the site. The locations of known and suspected 
dissolution features are provided in the preceding discussion and in Section 3.2.5.6. None of 
these features are expected to affect the isolation capabilities of the site in the next 
10,000 years, ai discussed in Section 6.3.1.6.4. 

6.3.1.6.2 :Analysis of Favorable Condition. 

No evidence that the host rock within the site was subject to significant 
dissolution during the Quaternary Period. ' 
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Evaluation.  Within the limitations of the data discussed above there is no evidence of 
Quaternary or earlier dissolution within the site. 	r. 

The evidence indicates that the favorable condition is present. 

6.3.1.6.3 Analysis of Potentially Adverse Condition. 

Evidence of significant dissolution within the geologic setting--such as 
breccia pipes, dissolution cavities, significant volumetric reduction of 
the host rock or surrounding strata, or any structural collapse--such 

that a hydraulic interconnection leading to a loss of waste isolation 
could occur. 

Evaluation.  Dissolution features are found in the geologic setting. The locations and 
characteristics of the known or potential dissolution features nearest the site are discussed 
in Section 6.3.1.6.1. No evidence of dissolution, such as that described in the statement of 
the potentially adverse condition, has been identified in the site However, there is insuf-
ficient information to conclude that dissolution in the geologic setting could not result in a 
hydraulic interconnection leading to a loss of waste isolation. 

The evidence indicates that the potentially adverse condition is present. 

6.3.1.6.4 Analysis of Disqualifying Condition. 

The site shall be disqualified  if it is likely that, during the first 
10,000 years after closure, active dissolution, as predicted on the basis 
on the geologic record, would result in a loss of waste isolation. 

Evaluation.  The presently available data indicate that there is no dissolution within. 
the site. The closest known or potential dissolution feature is the northeastern terminus of 
the Bridger Jack Graben, located 14.5 . kilometers (9 miles) south of the proposed GRUA. If it 
were assumed that an active dissolution front did exist at this distance from the proposed 
repository, and, that the structural, stratigraphic, and hydrogeologic conditions of the area 
are such that the dissolution front would migrate directly toward the =A, then in order for 
the dissolution front to reach the repository in 10,000 years, it would have to progress at a 
rate of 144.78 centimeters per year (4.75 feet per year). 

This hypothesized advance rate of 144.78 centimeters per year (4.75 feet per year) can be 
compared to measured advance rates of natural salt dissolution fronts in other areas. For 
example, in the Texas Panhandle where salt dissolution is suggested to be a major cause of 
landscape evolution, Gustayson et al. (1980 1  p. 36) give calculated maximum horizontal disso-
lution rates ranging from 0.07284 centimeters per year (0.00239 feet per year) to 98.398 cen-
timeters per year (3.2283 feet per year). _Of the rates presented for 16 different areas, 15 
have maximum calculated rates of 14.5847 centimeters per year (0.47850 feet per year) or less. 
The minimum rates for all areas listed range from approximately 0.0055 centimeters per year 
(0.00018 feet per year) to approximately 64.29 centimeters per year (approximately 2.11 feet 
per year). Studies conducted in New Mexico for the Waste Isolation Pilot Plant (WIPP) project 
(Weart, 1981, p. 429) indicate that the regional shallow dissolution front is advancing at a 
rate less than 0.9656 centimeters per year (0.03168 feet per year) to 1.2875 centimeters per 
year (0.04224 feet per year). This comparison shows, that, in areas of known active natural 
dissolution, advance rates are generally less than 10 percent of that which would be required 
for a dissolution front to migrate the distance assumed for this evaluation. 

Solution mining at the Cane Creek Potash Mine near Moab provides a mining-induced disso-
lution rate within the Paradox Basin. When the mine was flooded (1971), there were 
547 kilometers (340 miles) of headings in the potash bed being mined. In the solution pro-
cess, water is pumped into the mine from the Colorado River, remains there for 300 to 350 days. 
to produce brine, and is then extracted , from the low point in the mine. Using this system, 
the walls and pillars of the entry system are expected 'to dissolve at rates of approximately 
15.24 centimeters per year (0.5 feet per year) to 20.42 centimeters per year (0.67 feet per 
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year), with a maximum of 30.48 centimeters per year (1.0 feet per year) near the injection 
wells (Jackson, 1973, pp. 3-4). 

All of the rates discussed above have been for horizontal dissolution front advance. 
Hite and Lohman (1973, p. 40) calculated the vertical dissolution rate over a 336 square-
kilometer (130 square-mile) area comprised of the collapsed' crests of the Gypsum Valley, 
Paradox Valley, and Sinbad Valley salt anticlines in the Paradox Basin. Vertical dissolution 
was calculated to be proceeding at a rate of 0.02743 centimeters per year (0.0009 feet per 
year). 

Based on the above-rates, it could be expected that if active dissolution fronts exist in 
the site vicinity and are advancing at even 10 percent of the hypothesized 144.78 centimeters 
per year (4.75 feet - per year) rate, then abundant indicators would exist as in the Texas pan-
handle and New Mexico. Since dissolution front advance rates elsewhere are generally-less 
than 10 percent of the rate required to migrate a disiolution front from the nearest potential 
source to the site in 10,000 years, and since no subsurface' or topographic evidence of advanc= 
ing dissolution fronts have been observed within 14.5 kilometers (9 miles) of the proposed 
GROA, it is judged unlikely that a dissolution front will encroach upon the CROA and cause a 
loss of waste isolation within the next 10,000 years. 

As an additional comparisonp'even if the hypothetical dissolution front were to advance 
at'a rate of 98.398 centimeters per year (3.2283 feet per year), the high maximum rate pre-
sented in Gustayson et al. (1980, p. 36), it would take a front 14,720 years to advance from 
the nearest potential dissolution feature to the GROA. 

The evidence does not support a finding that the site is disqualified (Level 1). 

6.3.1.6.5 Conclusion for the Qualifying Condition.  The requirement states that subsur-
face rock dissolution will not be likely to lead to radionuclide releases greater than those 
specified by the BIC and EPA. The analysis'presented above indicates that no effects of dis-
solution are observed in the site and that active dissolution fronts are not expected to 
result in a loss of waste isolation during the next 10,000 years. 

The evidence does not support a finding that the site is not likely to meet the 
qualifying condition (Level 3). 

• 

6.3.1.7 Tectonics Guideline 10 CFR 960.4-2-7 

Meeting the requirements of the postclosure guideline on tectonics will provide 'a high 
degree of confidence that tectonic processes will not adversely affect the waste-isolation 
capabilities of the site. Tectonic processes and events during the postclosure period could 
adversely affect waste'containment and isolation by creating new ground-water pathways to the 
accessible environment, altering ground-water travel times, or physically altering the local 
waste environment. Although it is difficult to predict geologic processes with certainty, 
this guideline requires that the tectonic history of a site be carefully examined and the 
results of this examination be used to determine whether the likelihood for significant future 
tectonic activity is acceptably small. Igneous activity, uplift, subsidence,' folding, and 
faulting are all important tectonic processes and are included in this guideline. 

This guideline includes a qualifying condition, a favorable condition, and six 
potentially adverse conditions for analysis. It also has a disqualifying condition. 

6.34.7.1 Statement of Oualifvinz Condition. 

The tite‘shilll be loCatedinageolOgiOaetting where future tectonic'- 
-Processes or events Will not be likelt'to lead to radionuclide release's' 
greater than those allowable' under the requirements specified in 10 CFR:- 
960.4=1.'''In:predieting the likelihood Of potentially disruptive tectoniO 
prodessea'or events, the DOE will'COnsiderthe structural, stratigraphic; ' 
geophisiial, and seismic evidenie for thernaturnand rates of tectonic—
processes and eventein the geologic setting during-,the Quaternary Period. 
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Evaluation Process.  To determine whether the Qualifying Condition with respect to 
tectonics specified in 10 CFR 960.4-2-7 can be met, relevant data are summarized and eval.- 
uated. Assumptions and uncertainties are discussed and a brief analysis is provided. 
Evaluations are made regarding favorable and potentially adverse conditions at the site. 
These conditions and findings are summarized in Table 6-10. Conclusions drawn with respect to 
qualification of the site for further consideration as a potential repository are presented 
along with a rationale for these conclusions. Cross referencing is provided to other sections 
of the report. 

Relevant Data.  A comprehensive review of published geologic literature has been con-
ducted emphasizing the geologic history of the Paradox Basin, including the entire. Colorado 
Plateau and the surrounding regions of greater geologic activity (MCC, 1982, ONWI-290, 
Vol. I). These data are reviewed in Section 3.2.5 and are briefly summarized below. 

The _site lies within the central portion of the Colorado• Plateau. The tectonic history 
of the region was dominated by two major episodes of faulting and folding. The early episode 
lasted from approximately 310 to . 270 million years ago (coincident with Ancestral Rockies), 
and the latter one lasted from approximately 70 to 40 million years ago (Laramide Orogeny) .  

(WCC, 1982, ONWI-290, Vol. 1). The gentle folds that characterize the candidate area were '  

produced in the latter episode: Igneous intrusives (the Abajo and La Sal Mountains) were 
emplaced approximately 27 million years ago in the vicinity of the site. The closest known 
area of Quaternary age volcanism lies 127 kilometers (79 miles) east of the site (Figure 3-33 
and Section 3.2.5.3). 

The most significant late Cenozoic tectonic process has been regional uplift that 
resulted in the erosion of the deep canyons of the Colorado River -system. This uplift has 
been relatively slow, i.e., probably less than 0.6 meter (2 feet) per 1,000 years for the last 
700,000 years (Section 3.2.5.4). 

Geologic mapping of the site vicinity has not indicated the presence of surface faults. 
Mapping of steep scarps along Shay Graben, south of .the site, indicates that this feature may 
have been reactivated during the Quaternary (Section 3.2.5.1). 

Geophysical studies included interpretation of a considerable amount of seismic reflec-
tion data for the area. Subsurface faults that may extend upward into the lower part of the 
Paradox Formation are found in, the northeastern and north-central part of the site vicinity . ; 
(Section 3.2.5.1). 

Regional seismologic studies include a review of the historical seismicity of the 
Colorado Plateau and an evaluation of some of the larger events that have occurred within the .  

Plateau, but outside the Paradox Basin. During the period of the historical seismicity 
record, 1850 to 1979, no earthquakes are known to have occurred within the site 
(Section 3.2.5.2). A local network of seismographs capable of recording very small 
earthquakes has been operating since mid-1979. No earthquakes have been observed within the '  

site. The largest, earthquakes observed to date in the Utah portion of the Paradox Basin have 
been approxiiately magnitude MI, :;(Local Magnitude) (Section 3.2.5.2). 

The Paradox Basin has been classified as a seismic risk zone 1, relatively low seismic • 

risk (Algermissen, 1969, p. 26) and an area for which the expected peak• horizontal ground 
acceleration is less than a 0.04 gravity with 10 percent probability that the value will,be 
exceeded in 50 years (Algermissen and Perkins, 1976, p. 23). However, these conclusions are 
based on a historical seismicity record that has limited value by itself. Using the available 
seismic, geologic,,and tectonic, data to analyze the possible seismogenic structures within the 
Paradox Basin (including the Colorado Lineament), a maximum, acceleration value can be esti-
mated for the Davis Canyon site. A maximum earthquake for the entire Colorado Plateau 
province is estimated,to be EL 6.5 (Kirkham and Rogers, 1981, o..17). For the EA evaluation, 
this Mi. 6.5 earthquake is chosen as the maximum earthquake in the geologic setting. The 
Paradox Basin portion of the . Colorado Plateau may later be found to have a smaller maximum 
earthquake. The analysis for the site is conservative because it is assumed that the maximum 
earthquake can occur on the closest significant' geologic structure. Using a peak acceleration 
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relationship for north-central Utah (Campbell, 1982, p. 370), a peak horizontal acceleration 
of 0.18 gravity is estimated fot an My 6.5 earthquake occurring on the south Shay Grabenlfault 
at a distance of 16 kilometers (10 miles), which is' the closest distance to the• repository' 
operations area. Other, more distant seismogenic features such as the seismicity cluster 
along the Colorado River need not be analyzed'at this time, because their potential' effects 
are overshadowed by the conservative case adopted. This value may be slightly low forthe- 
Paradox Basin because attenuation may be-slightly greater in north-central Utah than in the. = 
Colorado Plateau. Another relationship, not geographically specific, presented in Donovan '' 
(1982) suggests a mean peak value of approximately 0.25 gravity. These estimates indicate the 
general level of peak accelerations to be expected at the'site. Analysis in more detail would 
be required to specify seismic design criteria. 

Continuous temperature logging of borehole GD.-1 was performed-by WCC during the drilling 
phase and by the USGS in 1981 and 1982. The two logs collected by the USGS were almost ident-
ical, indicating that the well had reached thermal equilibrium (Sass et al.', 1983). Using the 
USGS data for GD-4 the temperature at the repository depth (914 meters (3,000 feet])' in Davis 
Canyon is estimated to be 34 C (94 F). Thermal gradients determined from GD-1 showed a-strong 
dependence on lithologir. For' the' Elephant Canyon formation (183 to 381 meters [600 to 
1,250 feet]), the temperature gradient was 23.49 C per kilometer (68.1 F per mile); the 
Honaker Trail formation (427 to•869 meters [1,401 to 2,851 feet]) was 21.77 C per kilometer 
(63.1 F per mile); the Paradox formation (945 to 1,600 meters; [3,100 to 5,249 feet]) was -, 
13.04 C per kilometer (37.8 F per tale); and the LeadWille formation (1098 to 1,922 meters 
[5,899 feet to 6,306 feet]) was 17.15 C per kilometer (49.7 F per mile) (Seas et a1.,- 1983). 
These results are consistent with the observations by Bodell and Chapman (1982) for the north-
central Colorado Plateau; where gradients from 25 drill holes varied between 10,C per kilo-
meter (29.0F per mile) and 37 C per kilometer (107.3 F per mile), with a mean gradient of 
19 C per kilometer (55.1 F per mile):•The USGS determined'a mean heat-flow value of 66, plus 
or minus 3 milliwatts per square meter for GD-1. This is consistent with a value of 
65 milliwatts per square meter determined for a drillhole north of Shafer Basin southwest of 
Moab, and an average value of 64 milliwatts per square meter for the area of the salt anti-
clines near Moab (Bodell and Chapman, 1982). 

Assumptions and Data Uncertainties. Deposits younger than approximately 180 million 
years old are absent from the site (except discontinuous late Quaternary terrestrial depo-
sits),imaking a detailed interpretation of the Quaternary geologic history of the site diffi-' 
cult ueing only the stratigraphic record: Therefore, the assumption is made that the site 
geologic history is similar to that observed in surrounding areas where a more complete 
geologic record is available. No structures were discovered in the site or area that were not 
consistent with the geologic history of the Paradox Basin-as-derived from regional studies. 
The geologic•setting is taken to be the Paradox Basin, lying within the ColOrado Plateau, as 
shown in Figure 3-3.  

The historical seismicity record, which provides some of the baiis for earthquake hazard 
assessment, is limited' in several respects.' Much of the historical record is incompleee,.and 
some locations of past earthquakes are inaccurate because of the small and sparselyrdistrib• 
uted population and inadequate seismographic coverage of the:Paradox Basin and Colotado 
Plateau. The time period of the record is also short relative to geologic time. Because more 
complete'historicalrecords in other regions suggest seismicity can be episodic over long. 
periods, a-130-year record may not be a good representation of the actual long-term seismic I --; 
potential within the Colorado Plateau. 

= Hicroearthquake monitoring of the Paradox Basin indicates that the seismicity has varied 
spatially and temporally during the past 6 years. Thus,'caution'must be Used=in drawing'con 
clusions or extrapolating from:the behavior of these small magnitude events. r :  

Analysts. All data available to date indicite that the site is locatedlin a tectonic
setting dominated by eieirogenic processes (broad-siald vertical uplift). Compared to-the 
rest of the western-United Statea,'the central portibn of the Colorado Plateau exhibiti 
levels of faulting, folding, heat flow, Cenozoic volcanism, and seismicity.• Based on these -' 
conaiderations, the. site•is located in a favorable tectonic environment for' waste isolation - 
and containment. 
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6.3.1.7.2 Analysis of Favorable Condition. 

The nature and rates of igneous activity and tectonic - processes (such as 
uplift, subsidence, faulting, or folding), ifsny, operating within the 
geologic setting during the Quaternary Period would, if continued into the 
future, have less than one chance in 10,000 over the first 10,000 years 

After closure of leading to releases of radionuclides to the accessible 
environment. 

Evaluation. The' following discussion evaluates whether any of the igneous or tectonic 
processes operating in the central region of the Colorado Plateau (geologic setting) during 
the last 2 million years would, if continued into the future, have an unacceptable probability 
of creating a pathway for radionuclides to reach the accessible environment. Analysis of-the 
favorable condition includes a probability analysis for the joint failure of botti engineered 
barriers and geologic barriers. Such analysis requires site-specific data and design specific 
data that are not available. The tectonic data discussed below indicate very low likelihoods 
that disruptive tectonic'events will occur, and this suggests the favorable condition will'be 
met. Continued stability for 10,000 years is reasonable, sten based on the same degree of -
tstability exhibited over the past two million years.  

Uplift. Quaternary uplift has averaged less than 0.6 meter (2 feet) per 1,000 years "I 
(Section 3.2.5.4).' This -rate would produce no more than 6 meters (20 feet) of uplift of the 
site in the next 10,000 years, which is not significant when compared to the depth of burial 
ofthe repository. Regional uplift will not affect the phisical integrity of the:repository, 
and'sill be too small to significantly modify ground-cater flow systems during the next 
10,000 years. 

Faulting. No surface faults have been detetted at the site. Because the -oily suspected 
active faults in the site vicinity, the Shay-Graben faults, appear to=be reactivated features 
of Laramide Age, late Cretaceous through Paleocene, (Section 3.2.5.1), and the unfaulted rocks 
ofthe site-are'generally more than -200 million years old, it is judged'unliktly that new 
Surface faults will develop in the next 10,000 years. Reactivation of the basement faniti 
beneath the site is possible, but.it is doubtful that displacements large enough'to propagate 

' these features through - the ductile rocks of the Paradox Formation would-occur in 10,000-years. 
Movement on basement faults below the site did not occur=during the mOst'recent period "-of 
large-scale basement defOrmition, which lasted about .30 million years. A fault hail 'been"- 
postulated in Bogus Pocket north of the site, but field, reconnaissance along the cliffs does 
-not show any evidence oflaulting. 

Minor'reactivation of faults in-the vicinity of the Colorado River appears to 
occurred in the area of dense microseismicity southwest of Moab. These faults appear-to - be 
favorably oriented with respect to the contemporary stress field to result in the observed 
seismicity. The maximum principal stress is 'approximately horizontal and oriented:apiroxi-
mately east-west. Bewever,'along thissone -of microearthquake activity, there'is nosurface 
"expression of large scale deformation which - might reflett the accumulation: and' releasi 
large amounts of strain energy (significant earthquakes). -  A'few microearthquakes-havi'been 
observed in the vicinity of Shay Graben, but any correlation with the graben faults is 
uncertain; 	r 	 . . 

Folding ; The-MiteA.s lotated on gently dipping strata t 'about 1 to 2 degrees dip", On the 
northeast flank of the Monument Upwarp. Folding resulting from large scale tectonic processes 
is unlikely during thenext 10,000 years, beiause such folding-has not been lottlized'in the 
site area during past episodes of deformation (Section 3.2.5.4). In the site vicinity, Gibson 
Dome is the niarestrfold-having:a salt Core. An evalnation of this fold (SettiOn 3.2.5.5) 
indicates a -maximum of'30 feet (9 miteri) of uplift on the fold in:the next 10,000 years. 

, 	- 
Igneous Activity. Thick lithosphere, low heat flow, crustal compression, and the absence 

of Quaternary volcanism'in the site geologic - sitting make future igneous activity highly 
uilikelyattthe site. The closest Quaternary'volcanism is 127 kilometers (79 miles) tast'of 

_ the site (Settion 3.2.5.3). 
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The evidence indicates that the favorable condition is present. 

6.3.1.7.3 Analysis of Potentially Adverse Conditions. 

(1) Evidence of active folding, faulting, diapirism, uplift, subsidence, 
or other tectonic processes or igneous activity within the geologic set-
ting during the Quaternary Period. 

Evaluation.  this condition considers active tectonic processes that may have been oper-
ating in the geologic setting during the past 2 million years. Some of the tectonic processes 
listed in the above condition have been operative during the Quaternary Period in the geologic 
setting, the Paradox Basin. The significance and rate of these processes are discussed in 
Section 6.3.1.7.2. 

Folding.  Folding, as a result of large scale tectonic processes is not known to have oc-
curred in the geologic setting during the last 40 million years (WCC, 1982, . ONWI-290, 
Volume I). In the salt anticlines region northeast of the, site, synclines developed adjacent 
to the diapiric salt anticlines during the late. Cenozoic as a result of lateral flow of salt. 
Salt dissolution and collapse along the crest of the anticlines also occurred during the 
Cenozoic. These folds do not occur within the site (Section 3.2.5.4). The status of , folds 
nearest the site (Indian, Creek Syncline and Gibson Dome) during the Quaternary is uncertain. 

Faulting.  Quaternary faulting in the geologic setting has been primarily attributed to 
gravitational sliding, salt flow, and salt dissolution (Section 3.2.5.1). Faulting unrelated 
to these processes is suspected at Shay Graben, but is not proven. This fault is interpreted 
to be a reactivated feature of probable Laramide age. The Graben does not trend toward the 
site. If Shay Graben is active, however, it could be the source of an earthquake (maximum 
magnitude about ML 6.5) larger than any historically observed in the site vicinity. 

Dianirism.  Minor late Cenozoic salt diapirism possibly occurred in several locations ,  

within the saltanticlines region northeast of the site.- Small diapirs are also located along 
the Colorado River over the crest of the Meander anticline (Section 3.2.5.5). No diapirie 
activity is recognized within or near the site since the salt was deposited (Sections 3.2.5.5 
and 3.2.3), and the site is free of conditions judged to have caused salt flow elsewhere in 
the basin.• However, some degree of salt flow has occurred within the evaporite units near the 
site, as indicatedlby salt thickening in the axis of Gibson Dome (Section 3.2.5.5) and the 
distortion (undulatory character) of anhydrite bands within the salt cycles (Section 3.2.3.3). 
Whether salt flow continued to occur during the Quaternary is uncertain. The small amount of 
relief (60 meters (2OO feet)) on the upper surface of the salt at Gibson Dome fold is judged 
not,, sufficient to cause significant salt flow. 

Uplift.  The average rate of uplift for the Paradox Basin during the late Pleistocene was 
no greater than 0.6 meter . (2 feet) per 1,000 years, and probably was close to 0.1 meter 
(0.3 feet) per 1,000 years. Approximately 600 meters (2,000 feet) of uplift has occurred in 
the; site. region,over the last 2 million years (Section 3.2.5.4). 

L 	t 	y. 

Igneous Activity.  No known igneous activity has occurred within the geologic ,  setting 
(Paradox Basin) in the last 2 to 3 million years. The closest known area of Quaternary vol-
canism is located 127 kilometers (79 miles) east of the site (Figure 3-33, Section 3.2.5.3). 

. The evidence indicates that the potentially, adverse condition is present. 

(2) Historical earthquakes within the geologic setting of such magnitude 
and intensity that, if they recurred, could affect waste containment or 
isolation. 

,Evaluation.  Based on the historical seismicity'record and current microearthquake moni-
= toring, the largest earthquakes (maximum about ML 4) that might occur within the Paradox Basin 
would not adversely impact waste containment or isolation. A study of earthquake damage to 
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underground structures evaluated 107 cases in eight countries and determined that significant 
damage occurred only at surface accelerations greater than 0.5 gravity. Only minor damage was 
observed in some cases at surface accelerations of 0.2 to 0.5 gravity (McClure, 1981, 
pp. 79-80). Accelerations from a magnitude 4 earthquake in basement rocks near the site 
(2 kilometers deep) are predicted to be less than 0.2 gravity using equations by Campbell 
(1982, p. 370). 

The evidence indicates that the potentially adverse condition - is not present. 

(3) Indications, based on correlations of earthquakes with tectonic pro-
cesses and features, that either the frequency of occurrence or the mag-
nitude of earthquakes within the geologic setting may increase. 

Evaluation. Based on the existing seismicity record and current understanding of 
tectonic character of the Paradox Basin, correlations. of earthquakes with tectonic processes•
or specific faults in the geologic setting are not well defined. Hence for the purposes of 
this evaluation the presence or absence of young (Quaternary Age) faulting within the geologic 
setting is used to assess whether or not the frequency of occurrence or magnitude of earth-
quakes may increase relative to the baseline provided by the historical seismicity record. In 
general, the observed seismicity in the geologic setting appears to be consistent with the 
setting's structural and tectonic character. However, there is a possibility that the south 
Shay Graben fault may be determined to be an active fault and therefore capable of producing 
an earthquake larger than any historically observed in this geologic setting. The predicted 
maximum magnitude-is approximately ML 6.5. It reneins'to be established whether - :the-Shay 
Graben faults are tectonically active (i.e., not actift because.of salt dissolution) and 
seismogenic. 

The evidence indicates that the potentially adverse condition is present. 

.,.(4)-More-frequent occurrences of earthquakes or earthquakes of higher 
magnitude than are representative of the region in which the geologic 
setting is located. 

Evaluation. This condition asks whether the geologic setting exhibits more frequent or 
higher magnitude seismic events than the region in which it is situated. The frequency and 
magnitude of seismic events within the geologic setting , (Paradox Basin) is comparable to or 
less than'that of the central portion of the Colorado Plateau (Wong, 1984, ONWI-492, p. 2-27). 
The frequency and magnitude of earthquakes in the Colorado Plateau is much less than in 
surrounding regions (i.e., the Basin and Range, and Rio Grande Rift regions). 

The evidence ,indicates• that the potentially adverse condition is not present. 

(5) Potential for natural phenomena such as landslides, subsidence, or 
volcanic activity-of. -such magnitudes that they could create large-scale 
surface-water impoundments that could change the regional ground-water 
flow system. 

Evaluation. Based on the geologic record, natural impoundments of the scale necessary to 
effect largelchanges in the regional ground-water flow system are not known to have occurred 
within the geologic setting. Neither volcanic activity nor subsidence has been recognized in 
the geologic setting (Section 3.2.5). Conceivably, catastrophic failure of the Needles,Fault 
zone could dam the Colorado River in Cataract Canyon. . Such an event , is unprecedented in the 
history of the Colorado River and would require profound changes from the present tectonic•and 
climatic regime; If such an.event were to occur, it would have its primary effect on the , 
upper hydrostratigraphic unit. The initial effect would be to create bank storage within this 
unit upstream from the dam, and slow the flow rate. After breaching the dam, the flow path to 
the river Could be shortened by the width of the material reMoved by the catastrophic slide 
(perhaps by several kilometers). This does not sppear-to be a significant factor because the 
closest approach of-the,Needles Fault zone tortheilite is 18 kilometers (11 miles). 
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The evidence indicates that the potentially adverse condition: is not present. 

(6) Potential fortectonic deformations--such as uplift, subsidence, 
folding, or faulting--that could adversely affect the: regional ground-
water flow system. 

Evaluation.  This condition considers whether tectonic processes might act to produce 
shorter ground-water flow paths) or faster ground-water flow rates to the accessible environ-
ment. The major tectonic process now occurring in the Colorado Plateau is slow uplift. This 
uplift has been relatively uniform for such a large region: Because the rate of uplift is 
relatively slow, it is unlikely to, create measurable changes in the regional ground-water flow 
system through warping or differential upliftlover the next 10,000 years. Similarly, the 
relatively uniform uplift is unlikely to result in the formation of new structures (faults and 
folds) that would adversely affect the ground-water flow system. ,  Reactivation of surface or 
subsurface faults is a remote possibility that could create new pathways between the Paradox '  
Formation and the ground surface or the Lhadville Limestone. However, fault reactivation 
resulting, in the alteration of the hydrologic' regime does not appear to have occurred in the 
recent geologic past. 

The evidence indicates' that the• potentially adverse condition is 

6.3.1.7.4 Analysis of Disoualifying , Condition. 

A site shall be disqualified if, based on the geologic record during the 
Quaternary Period, the nature and rates of fault movement or other ground' 
motion are expected to be such that a loss of waste isolation is likely to  
occur. 

Evaluation.  Shay Graben and the Needles Fault zone are two structures that are known or 
suspected to have been'active'during the Quaternary Period and need to' be evaluated'with 
respect to this condition. 

Faulting, as a result of tectonic activity, is suspected at Shay Graben, but is not 
proven. This fault is interpreted' to be a reactivated feature of probable Laramide Age., The 
fault does not trend toward the site (see Figure 3-27). However, if the•fault is found to be ; 
tectonically active, it could be the source of earthquakes (maximum magnitude about ML 6.5) to 
be taken into consideration during design'of repository surface•facilities. Howeveei earth- 1 
quakes or faulting on this zone, which is 16 kilometers (10 miles) south of the site are not 
anticipated to affect the ability of the repository to isolate waste after closure beeause 
earthquake effects are not significantly perpetuated deep underground and, as noted above, the 
fault does not trend toward the site and, therefore, would: not intersect the repository: ,  

The other structural feature known to be active in the candidate area is the Needles 
Fault zone (Lewis and Campbell, 1965, p. 831). This zone (Sectioi 3.2.5.1) is probably a 
large gravitational slide (Huntoon, 1979, p. 46; Huntoon et al., 19824 , p. 941; Stromquist, 
1976, p. 1). As a gravitational feature, the fault zone is not expected to be a source of 
strong earthquakes or ground motion that could affect the site. 

' 	• 
The evidence does not support a finding that the site is disqualified (Level' 1). 	— 

6.3.1.7.5 Conclusion' for the Qualifying Condition  Thi'requirements of the'quilifying == - 
condition of this guideline 10 CFR 960.4-2-7 are that ,  future tectonic proeeiset or events -will 
not change conditions in the repository or regional ground-water flow system sueh that 
nuclideoreleases to the accessible env ironment will be greater than those specifieciAn 4  r"4" 
10 CFR.960.4-1. 	 - ' 	' 7  ' 

Excellent, bedrock exposures and relatively uncomplicated structural geology ensure ,. high' 
degree of -confidence that potentially hazardous features have not escaped detection. 1 The 
known geology'and the evident long-term geologic' stability of the site indicite that fore• " 1 ' 
seeable tectonic events , will not be disruptive and thus will not produce effects that compro-
mise the integrity of the repository below limits specified in 10 CFR 960.4-1. 
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The -evidence does not support a finding that the site is not likely to meet the qualify-
ing condition (Level 3). 

6.3.1.8 Human Interference and Natural. Resources, Guideline 10 CFR 960.4-2-8-1 

Site suitability relative to natural resources is manifested in two major concernst 
(1) the repository operations may restrict access to important mineral deposits, and (2) the 
presence of-significant mineral resources at or near the site might attract future human 
activities which could compromise repository isolation. The first , concern is discussed under 
the environmental (Section 6.2.1.6) and socioeconomic (Section 6.2;1.7) guidelines. The 
natural resources guidelinetdeals with the latter-concern. The aim of this guideline is to 
favor location of a repository away from natural resources which might induce inadvertent 
human interference. 

, This guideline includes a qualifying condition, two favorable conditions, and five 
potentially adverse conditions for analysis. It also has two disqualifying conditions. 

6.3.1.8.1 Statement of. Qualifying Condition. 

This site shall be located such that--considering permanent markers and 
records and reasonable projections of value, scarcity, and technology--the 
natural resources; including ground water suitable for crop irrigation or 
human consumption without treatment, present'at or near the site, will not 
be likely to give.rise to interference activities that would lead to 
radionuclide releases greater than those allowable under the requirements 
specified in - 10 CFR 960.4-1: 

Evaluation Process.  This section describes and assesses the natural resources of the 
site and its vicinity in terms , of relevant data, assumptions, data uncertainties, and analysis 
related - to the qualifying conditions stated above. This assessment, together with performance 
assessment analyses presented in Section 6.4, provides information necessary to address and 
evaluate site compliance with the DOE siting guidelines. The• evaluations and findings are sum-
marized it Table 6-10. 

Relevant Data  Known natural resources at cm near the site consist of (1) surface and 
near-surface deposits of uranium and vanadium; (2) subsurface deposits of potash; (3) minor 
surface deposits and occurrences of iron oxide, sand and gravel, and dimension stone; 
(4) undiscovered speculative subsurface oil and gas resources; (5) small quantities of potable 
ground water found in shallow wells and springs; and (6)"subsurface deposits of halite. 
Resource production has consisted of uranium and vanadium, a minor amount of sand• and gravel, 
and occasional use of potable water. 

Known production of uranium and vanadium resources from one to four localities within the '  

site vicinity has been described as "small" and potential resources remaining have been esti-
mated to be "nil" (Figure 3-37, Table 3-12) (USGS, 1982). Known deposits in and near the site 
are restricted to the Chinle and Cutler Formations. The Chinle Formation bottom contact is 
located stratigraphically 914-to 1,003 meters (3,000 to 3,290 feet) above the proposed Salt 
Cycle 6 repository layer. The Cutler Formation contains some uranium deposits north of the 
site vicinity; the bottom of this formation is located stratigraphically 724 meters 
(2,375 feet) above the proposed Salt Cycle :6 repository layer. The maximum reported depth of 
any mine within the site is 11 meters (35 feet). 'The depth of the deepest known mine within 
the site vicinity is 24 meters (80 feet). Compared with areas of similar size and geology 
withinithe candidate area, the site contains a relatively small number of productive locali-
ties (Figure 3-37). Compared with similar areas elsewhere in southeastern Utah, known produc-
tion from the site is very low (Section3.2.8.2.1). 

Potash mineralization, located within many of the 29 evaporite cycles of the Paradox 
Formation (Hite, 1960, p. 86, Figure 2), occurs primarily north and northeast of the geologic 
repository operations area. The estimated southern boundary of this mineralization (Hite, 
1982, p. 3) traverses the site vicinity northeast of the geologic repository operations area 
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(Section 3.2.8.2.2, Figure 3-38). Combining potash analysis of core in borehole CD-4 with -
previous studies, Hite (1982, p. 3) defined an area of potentially economic potash deposits in 
Salt Cycle 18. Although the western limit of the deposits is poorly defined, Hite (1982, 
p. 7) stated, "It is likely that [the deposits] do not underlie Davis and Lavender canyons.", 
Isopach maps of commercial-grade potash zones in Cycles 13 and 18 (Section 3.2.8.2.2) show 
that each potash zone is too thin (less than 3 meters [10•feet]) at the proposed Davis Canyon 
site to be of any economic interest now or in: the foreseeable future. Zones of sylvite that '0 
are less than 3 meters (10 feet) thick in Davis Canyon, thicken to more than 12.2 meters  
(40 feet) in an area to the north. The GD-1 borehole showed,. the Cycle 13 potash zone to have 
a thickness of only 1.9 meters (6.2 feet), and an average grade of 16.5 percent potassium , 
oxide equivalent. The Cycle 18 potash zone was 2.5 meters (8.2 feet), thick with an average 
grade of 22.1 percent potassium oxide at -a depth of 1,350 to 1,352 meters (4,428.6 to .  

4,436.8 feet) (Hite, 1982,•p. 7). 

One small occurrence of iron oxide exists in the north-central part of the gite , vicinity 
(Figure 3-37; locality 64); one deposit of sand and gravel showing evidence of minor develop 
meat occurs east of Utah 211, . approximately 4 kilometers (2.4 miles) northeast of the geologic 
repository operations area. Formations that have produced-dimension stone outside the candi-
date area (Chinle and Moenkopi) occur within the site; however, no recognized dimension stone 
localities occur within the candidate area or site. - 

Speculative hydrocarbon resources are considered for the site,vicinity because the sub-
surface formations have been productive,alsewhere in the Paradox Basin. The Paradox .  Formation 
and Leadville Limestone are the principal targets of hydrocarbon exploration in the Paradox 
Basin. Three.types of:oil and gas traps provide commercial accumulations within these targets 
(Section 3.2.8.1). These structural and stratigraphic trap forming conditions have not been 
identified within the site or its vicinity, based on available borehole and geophysical data. 
The site vicinity and candidate: area are , located north and west of the principal . producing, 
fields in the-Paradox'Basin. No production, no significant oil and gas shows in drill-stem 
tests, and no untested structures are known to exist within the.site vicinity. Cumulative 
recorded production itvalso relatively low for the candidate area with 70,000 barrels of oil. 
and 115,000 thousand cubic.feet (MCP) of,gas produced to May;-.1983 (Utah State Division of. , 1 
Oil, Gas, and Mining). In contrast, for the Paradox Basin, cumulative recorded production -: 
shows more than 476 million barrels of oil and more than 819 million MCF gas to December, 1980 
(Clem and Brown, 1984). Thus,: the candidate area, although comprising approximatelT.11 per-
cent of the' total surface area of the Paradox Basin, contains only'0.015 percent of the total ,-
basin oil production. . 	 - 

Ground-water use in the site vicinity and candidate arta is minimal. Veils are used 
principally fot stockiwatering, domestic needs of isolated Mimes, and. Canyonlands-National 
Park (Table 3-24 and Figure 3-54). These wells and more distant shallow'wells. west-of the 
site yield small quantities of ground water from the Glen Canyon Group and Cedar Mesa/Cutler 
strata (Section 3.3.3.1);: they. are less' . than 122. meters (400 feet) deep.1( Deep ground-water 
resources are limited and are usually of a brackish to highly-saline quality 	E. 

(Settion'3.3.3.2). 
src .--% 

The Nuclear Regulatory.Comndesion.(NRC) has established requirements for permanent-site- ,  E 
markers at a: repository, and' for wide dissemination of records about the: repository and its 
contents (10 CFR-  Part 60).. In its definition of unanticipated processes and eveots, , theARC ,- i 
indicates that.postclosure human interference at,theisite is not a credible: scenario: smloug:,:.. 
as permanent markers- exist and knowledge of a repository has been maintained.- The Environ-. 
mental Protection Agency (EPA) believes that markers; recordsp'and-other passive institutionaLJ 
controls-•hould be effective: in: deterring.systematic-or persistent exploitation , of.a reposi-q_ _ 
tory site, and thatthey can substantially ,  reduce the likelihood of inadvertent intrusionies 
long as they endure and are understood (40 CFR - PartA.91). Further, the EPA states that thel 
agencies responsible for repository siting and development, hould assume that a future 
intruder's own exploratory procedures are adequate.for'the intruder. to soon detect,.or be' 
warned of the incompatibility ofitha'area,withltheit-activities.' The DOH ;  has condftted: 
feasibility studies of the-types of physical monuments ', that: might be used to mark- a, site 
(Berry ,. 1983, ONWI-474; Kaplan, • 1982, ONWD-354uHuman Interference Task , Force, 1984, 
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BMI/ONWI-537). 'Berry (1983, ONWI-474) concludes that materials of sufficient durability exist 
to construct monuments that will last 10,000 years at all proposed repository sites. Other 
possible permanent markers include geochemical or magnetic anomalies placed in deliberate 
patterns over the controlled area. Additional studies examined 'ways of ensuring that knowl-
edge of a repository will be available to future generations through wide dissemination of 
records (Sebeok, 1984, EMI/OM-532; Tannenbaum, 1984, BMI/ONWI-535; Weitzberg, 1982, 
ONWI-379; Human Interference Task Force, 1984, BM1/011W1-537). The DOE has not selected a 
preferred option for site marking at this time. A conceptual design of a repository marker 
system will accompany the DOE's application for a license to construct and operate a repos-
itory (10 CFR 60.21). A final design is required for a license amendment to close a 
repository (10 CFR 60.51). 

The influence of possible disruptive events and processes, operating beyond the reposi-
tory controlled area, is discussed in Section 6.4.2.6. 

psumutions -and Data Uncertainty. It is assumed'that during the repository operational 
period, incompatible activities,'-such as' exploratory drilling, will be-restricted at'the site 
if such exploration or exploitation is believed to negatively affect repOsitory performance. 
In the time period beyond, when operational controls have ceased'to be effective, the perma-
nent markers, records, and institutional controls will effectively prohibit exploration for, 
and exploitation of, -any mineral resources within the controlled or' surrounding area.' The- 
current uranium and'vanadium data inventory in and near the'site (Figure 3-40) provide a level 
of data that is insufficient to produce detailed resource and reserve value estimates and eco-
nomic analyses.- Expected remaining resources and reserves within the site are very imall rel-
ative to similar sized areas elsewhere in southeastern Utah (Doelling, 1983; Merrell,-1983; 
Chenoweth, 1983). 

Regarding potish, subsurface geologic analysis conducted to date utilizing geophysical 
logs and laboratory test data is insufficient to precisely define the potential for economic  
potash deposits and the western limit of potash deposits near the site. Despite the presently 
excessive depth to these potash deposits (greater than 1,341 meters (4,400 feet)), Mite (1982, 
p. 7) believed that these deposits could be considered for mining within the next 100 years. 
Since the thickness of the potential potash deposits in Salt Cycles 13 and 18 increases 
rapidly northward (away from the site), it is assumed that this thicker zone will attract 
exploration sometime in the future provided this is allowed by repository controls during the 
repository postclosure period. The thin, less 'than 3-meter- (less than 10-feet)-thiik zone 
near the site will probably attract little, if any, exploration. 

Regarding oil and , gas, for the lower (evaporite-beating) part of-the Paradox Formation, 
it it assumed that zones of structural features such as fault zones and sharp folding are 
required to provide the fracture porosity necessary for a commercial oil or gas accumulation. 
For the upper (carbonate-bearing) part of the Paradox Formation, it is assumed that the 
economic concentrations of hydrocarbons are preferentially associated with regional structures 
that were active during 'Pennsylvanian Paradox deposition. •The Leadville hydrocarbon accumu-
lations are assumed to be controlled by a'combination of structural and stratigraphic 
conditions. 

Certain - secondary influences, such as hydrodynamic gradients, may be important.factors 
influencing the present location of -hydrocarbon accumulations, particularly in stratigraphic 
zones of more continuous perieability, such - authe Leadville Limestone. The extent of this 
influence is presently uncertain. 

Evaluation of ground-water resources is .based on all available literature and well dati; 
these data are assumed to be representative of the candidate area. 

Analysis:- The known uranium and vanadium mine nearest the geologic repository operations 
area is a- small production mine approximately 0.7 -kilometer (0.4 mile) from the geologic 
repository operations area (Figure 3-40). All mining operations within 'the site are 
restricted to the Chinle"Formation, which has been eroded away from most of the geologic 
repository operations area. Because no mines in the site -vicinity have reported depths 
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greater than 24 meters (80 feet) (Table 3-11), any conceivable new discoveries within the-
Chinle or underlying Cutler Formations would be located,stratigraphically at least 724 meters  
(2,375 feet) above the proposed Salt Cycle .6 repository layer. Because the expected uranium 
and vanadium reserves,in this intensively explored area are limited, the potentially, adverse 
impact of these mines on repository performance is, judged to be minimal -. 

Regarding resource value, if thesite area is withdrawn from permissible mineral•explora-
tion during the current institution-controlled part of a repository lifetime, the- resulting 
denial of developable uranium , and vanadium resources,is judged to be 'minimal. This judgment 
is based on current expert judgments of remaining resources and distribution of known produc-
tion in southeastern Utah. Similarly, the likelihood of human intrusion for uranium 
exploration and development, should that be allowed, is judged to be low. 

An area of potential economic potash deposits at presently uneconomic depths of overi 
1,341 meters (4,400 feet) occurs northeast of and close to the geologic repository operations 
area. Any exploratory borehole, to develop these deposits in Salt Cycle 18 would pass through 
most,of the Paradox Formation and,the proposed repository layer in Salt Cycle 6. Such explor-
atory borehole' are Unlikely to have a serious impact on repository performance, if drilled 
outside the repository controlled-area (Section 6.4.2.6).- Drilling within the controlled area, 
is not anticipated because of the presence of permanent markers and wide. 	of 
repository records. w , These deposit0 are currently considered economically unfeasible for 
development: During any future period when repository controls are not effective, the per-
ceived potential value of the thin.site-vicinity potash deposits will be low relative to the 
thicker and more extensive deposits to the north, east, and southeast., Therefore, tha likeli-
hood of potash exploration within the site vicinity during this future uncontrolled period is-
judged to be low, relative to other areas in the Paradox Basin. 

Minor occurrences ok iron oxide, sand and gravel, and formations suitable for dimension 
stone occur'at or , near the surface within the site vicinity. The iron oxide locality has been 
judged to be too small, fOrcommercial development (Section 3.2,8.2.3). Sand/gravel and,dimen 
sion stone resources are widely available in southeastern Utah outside the candidate'area& 
Because the site vicinity, is so , remote from any existing or currently foreseen market, the 
economic value of these site vicinity , resources, being heavily dependent on transportation 
costs, is judged to be minimal. 

No oil and gas production or significant oil and gas shows are presently known to occur, 
within the site or its vicinity. A limited potential for small hydrocarbon accumulations 
exists in the upper Paradox and Honaker Trail formations in undiscovered stratigraphic traps 
only subtly associated with structure. Since untested structural or stratigraphic traps 
favorable for hydrocarbon accumulation are not known to exist in the site vicinity, the hydro-
carbon potential of the site vicinity is -Judged to be very low compared, to other areas in the 
Paradox Basin. 

- 
potable ground-water resources and usage are limited within the site vicinity; such pot-1 

able water is 
site 	

to the upper part of thick permeable sandstone units that-crop out': : 
across the site vicinity. Presently used wells are less than 122 meters (400 feet) deep;;:- 
Because the known potable ground-water resource base is so limited, the probability of future 
ground-water development projects (such as large-scale withdrawal, extensive irrigation,- , 
underground pump storage or:large-scale surfaco-water impoundments), that• could significantly 
affect the ground-water flow system', is judgedto be low. The halite deposits of the-Paradox 
Formation occur at depths greater than 610 meters (2,000 feet) in the,site vicinity (Set.!. 
tion 3.2.3). The great depth of this salt; and the abundance of large, surface and near-
surface sources of salt, make its economic value minimal. 	 . r, 

The DOE recognizes the difficulty in speculating on the future exploration strategy that 
may be used .k14 the long term for any commodity, regardless of the current evaluation-of 
resource potential. Whatever the resource potential is perceived to be (now or in-the:future) 
for that period of tha immediate future during which institutional controls, permanent, ,- 
markers, and-records'are maintained and enforced, the site will be proteeted from any - deep :— 
drilling near enough to affect,tepoOitory performance. During this period, such resourcei- 
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that do exist-will be denied exploitation. Based on the data presented in Section 3.2.8, the 
potential value•of resources within the site vicinity(uraniumbranadium, potash, oil and gas, 
salt and potable water) is judged to be minimal and,isInot considered inviting for 
unacceptable postclosure intrusion. 

Beyond this future period, , Wshould be noted that the potentialfor:Conditions adverse 
-to repository performance, caused by:deep drilling for resources, can only occur after the 
institutional controls and the institutions enforcing them have ceased to exist, and all -
knowledge of the.repository-from records and permanent markers-Surrounding the site have 
disappeared;.or alternately,11 the surviving redords.:and permanent markervare ignored. -- 
Thus va severe setback , in . the course of civilization and subsequent . recoveryis presumed to 
be required for,this scenario of accidental drilling intrusion for anticipatedresources to 
occur.: Even then, due to the-presence of larger resources of uranium 	vanadium, potash, 
and oil,and gas to the north, east t 'and southeast of the site vicinity, within and beyond the 
candidate area, those larger.resOurces would logically be drilleclanclexploited before-the' 
smaller resources within the:Site vicinity. 

The time required for this scenario to completely develop (the institutional control ,  
period, the failure of civilization and its subsequent recovery to levels where it would be 
technically feasible to carry out drilling operations that could disturb the repository, and 
the. initial exploitation of - thelargerfresources outside the site vicinitY)i.s:probablylonger 
than the,minimum containment time of the repository. 

. 	. 
6.3.1.8.2 jnalysis Of Favorable  

(1) No known naturalresources that. have or are projected - to have in the -
foreseeable future - evalue - great enough tOlm tonsidered4 Commercially 

:-.extractableresource: 

Evaluation.  Uranium and vanadium deposits are present within the site; recorded 
production has occurred. at one locality. In-addition, potash - deposits.of commercial grade 
(but not commercial thickness) are present within the candidate area. Several miles north of 
the site,theselotash_beds are thicker.and might.be exploited at some future date when tech-
nology and economics allow.forAhe7mining.of potash at greateelepthsAhen4t present. Minor 
production of sand and gravel and potable water in the site vicinity has also occurred. 
Extensive halite deposituare present. 	_

- 

The evidence indicates that the - favorable condition is -not.present. 

(2) Ground water with 10,000 parts per million or more of total dissolved 
solids along any path of likely radionuclide travel from the host rock to 
,the accessible environment. 

Evaluation.  _Based on data gathered to:date, the path-of radionuclidetravel from a 
repository in Salt-Cycle:6 at this site-could be upward or:downward totheoverlying or under-
lying interbed (Sections 3.3.1.2 and 6.3.1.1). Ground water , within7all evaporite and interbed 
layers is considered to be salt-saturated (TDS of 350,000 milligrams per liter) (Sec- 
tion 6.4.2.34). If travel cOntinuesAzpward to the:BonakerTrail,the modal7TDS:ccintent of 
.that formation is 120,000 milligrams per liter. - Travel downward from Salt Cycle 6 , cOuld readh 
the lower hydrostratigraphic unit.-1Available,water quality data show total-dissolved solids 
concentrations of 120,000-milligrams . per literiand 103,473 milligrams.per,liter for the lower 

--hydroptratigraphic unit (MCC, 1982,'ONWI,290,Vol. II, Table 9-1). 

The evidence indicates that the favorable condition is present.-. 

,fnalysis of Potentially Adverse Conditions., 

(1YIndications:that the site contains naturally:occurring materials,
whether or not actually-.identified - in Such form that:OTeconomic extrac- 
tion is potentially feasible during the foreseeable future or (ii) such 
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materials have a greater gross value, net.value,"or commercial potential 
•, 

 
than the average-for othersareas'oUsimilar size that are representative-
-of, and located in, the geologic setting. 

Evaluation. Extraction of uranium and vanadium ore,•sand and gravel, and potable water 
has.occurreCinthe recent past within the site. Extraction oUsand and gravel and potable 
water has also occurred in the site vicinity. _Extraction of potash-within the,sitevicinity 
may or may not.be feasible in the foreseeable future, but is more likelyAo'occur inOther-
areas of the Paradox.Basin.known to contain potash deposits that are more extensive and 
thicker than potash deposits' in the site vicinity* For example, that part of the candidate 
area north of the . site vicinity has, in Salt CyCle 18, potash beds nearly &times thicker-
12 meters,(40.feeathan.at , the GD.T1.borehole near the site.- Outside-the:candidate area to 
the north, potentially.economic potashbeds 	Cycle . 13.that are probably more than 
15 meters . (more than,50 . feet) thick, extend over an area. of approximately 259square: .  
kilometers.(100 . squaramiles)!(Hite, 1976, p. 4).' Similarly, to the southeast,' potentially 
economic potash beds,in Salt Cycle 18 are up to 11.3 matera(37 feeathickand. extend:over an 
area exceeding 1,295. square kilometers (500 square miles) (in Utah and Colorado) (Hite, 1978, 
Figure 1). 

. : Based on limited available data, expected uranium resources within the siteare believed 
to be significantly. lower than in areas of similar size and geology nearby and-. elsewhere in 
southeastern Utah. Potential potash resources within the site vicinity-are•less extensive 
than in similar size areas to the north and northeast (Figure 3-37). Potential hydrocarbon 
resources within the site vicinity are believed to be significantly'lesathan in similar areas 
outside the site vicinity. None of the other resources discussed have greater potential 
within the site than outside..-However, becanse'potentially:extractable resources do exist in 
the site vicinity, and because of the-difficulty in speculating-on resource development 
strategies of the future, it cannot be concluded that economic extraction of materials is not 
potentially feasible. 

,The evidence indicates that the potentially adverse condition is present. 

(2) Evidence. of subsurfaCe mining or extraction for resources'within the 
site if-it could:affect waste. containment -or ,: isolation.. 

&aluation. Existing uranium mines within the site extend to a maximum'depth of 
11 meters, 35and are restricted to the Chinle Formation. Moreover, this formation has 
been eroded away from most of the geologic repository operations area. These present sub-
surface workings are, udged not be extensive enough. or deep , enough to affect repository 

The evidence indicates that the potentially adverse.condition is not present. 

(3) Evidence of drilling within the site for any purpose other than 
repository-site evaluation to a depth sufficient to affect waste 
containment and isolation. 

Evaluation, No drilling is known to have been, done within the site. Of the 12 deep 
boreholes within the site vicinity, 6 penetrate through the potential-repository salt layer. 
The nearest hydrocarbon exploration borehole to the'geologic repository operations-area is 
8.4 kilometers (5.2 miles) away. The nearest hydrocarbon exploration , borehole of appreciable 
depth is 8 kilometers (5 miles) from the geologic repository operations area boundary; the one 
repository evaluation borehole is 4.5 kilometers (2.8 miles) from the geologic repository 
operations area boundary. (Figure 3-41): 

The evidence indicates that the potentially adverse condition, is not present. 

(4) Evidence of a significant concentration of any naturally- occurring :  

material that is not widely available from other sources. 

performance. 
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Evaluation. No significant concentrations of resources exist within the site vicinity 
that are not widely available elsewhere in southeastern Utah. Potash, by its nature of occur-
rence, is less widely available elsewhere than uranium and vanadium and other resources; 
however, as shown on Figure 3-37I-most of: the potentially economic deposits described by Hite 
(1982) are located north and east of the site. 

The evidence indicates that the potentially adverse condition is not present. ' 

(5) Potential for foreseeable human activities--such as ground-water with-
drawal, extensive irrigation, subsurface injection of fluids, underground 
pumped storage, military activities, or the construction oflarge-scale 
surface-water impoundments--that could adversely change portions of the 
groundwater flow system' impOrtant to' taste isolation. . 	- 

Evaluation. Because of limited potable ground water and surface resources and usage 
within and near the site, none of the activities mentioned in the 'above condition are expected 
at the site, including future large-scale ground-water development projects that might have 
adverse effects on the ground-water flow system; e.g. reduction 'of ground-water travel times 
from pre-waste-emplacement conditions. - 	• 	' 

The evidence indicates that the potentially adverse condition is not present. 

6.3.1.8.4 Analysis of Disqualifying Condition 

A site shall be disqualified-- 

(1) If:previous exploration., mining, or extraction activities for 
- resources of commercial importance at the site have created significant 
- , pathways between the projected underground facility and the accessible 
environment. 

Evaluation. The maximum depth of known mine workings within the site is 24 meters 
(80:67t 7&proposed repository horizon is at a depth of_893 meters (2,930 feet). The 
closest deep exploration borehole that penetrates near or through-the proposed repository 
horizon is 8 kilometers (5 miles) from.the geologic repositoryroperations 'area.. Based on 
these data, it is judged that none of the known exploration borehole, or mine excavations have -
created significant pathways between the subsurface facility and the accessible environment. • 

The evidence does not support a finding that the siteis disqualified (Level 1). 

(2) Ongoing or'likely future activities to recover presently. valuable :  

natural mineral-resources•outside the-controlled area would be expected tO 
lead to an inadvertent loss of waste isolation. 	, 

Evaluation. There are no ongoing' ineral activities outside the controlled area (site) 
and within the site vicinity,,otherthan sporadic assessment work and occasional small produc-
tion mining at near-surface uranium and vanadium deposits located approximately 884 meters 
(2,900 feet) above the proposed repository horizon. The only future activity that might lead 
to an inadvertent loss of waste isolation ilvdeep drilling.foripotash or oil and gas within 
the site vicinity. Since the potential potash resources north and east of the site vicinity 
are thick and substantial, and while - these resources within the site vicinitylare small - and of 
less-than-commercial thickness (Section 3:2.8.2.2), .it is expected that the-thicker resources 
would be exploited by drilling'first during any future condition of potash searcity.--Simi-
larly; due to the expected verylow potential of hydrocarbon resources within the' site ' 
vicinity, in comparison to other areas southeast and east in the Paradox Basin 
Section 3.2.8.1), ft is likely that future oil and gas drilling will occur outside rather than 
within the site vicinity. -Expleitation of halite resources is considered unlikely. Thus, it 
is believed that, due to the lack of anticipated commercial resources in the site vicinity, it 
is unlikely that deep drillinewill occuebere.: Drilling within the controlled area is not 
expected because of the presence:of permanent markers and wide dissemination of repository 
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records. Additional planned boreholes in the repository evaluation program will,provide 
important data.for the reevaluation,of.this future development potential. 	. • 

The evidence does,not support a finding•that the'site is-disqualified (Leve121).- 

6.3.1.8.5 Conclusion for the Qualifying Condition.  The preceding discussion has shown 
that expected exploration: for, or development of r natural.resources at or near the site is 
judged not likely to adversely affect repository performance. 

The evidence does not sUpport,a finding_ that the site is: not likely to meet the :  

qualifying condition (Level 3). 	'4 	 s 

Table 6-10 summarizes the evaluations and findings for the postclosure Technical-
Guidelines requiring site characterization. .  

6.3.2 Postclosure System Guideline, 10-CFR,960.4-1  
i 

The postclosure System Guideline requires compliance with those EPA: and NRC regulations 
that are intended to ensure that the health and safety of the public and the quality of the 
environment will be protected. 

This section evaluates Davis Canyon with regard to the postclosure System Guideline for 
performance of the natural and engineered barriers. , .The evaluation is- made in the context of 
the related Technical Guidelines, evaluated individually in Section 6.3.1, and the performance 
assessments of the engineered barriers presented in Section , 6.4.2. 

Because the site has not been-chiracterized, the, complete data base needed for conclusive 
evaluation of this guideline is unavailable. >The present evaluations are preliminary and are 
for the purpose of selecting sites for fnrther characterization. The likelihood of-the site 
meeting the guideline is judged from the presently Available information, using appropriate 
and technically conservative assumptions. 

, 	4, _ 	.1 	t 

Following presentation of the'. qualifying condition in Section 6.3.2.1, the process used' 
in its evaluation is described in Section 6.3.2.24 Performance of the engineered-barrier 
system and the geologic setting.are discussed in Sections 6.3.2.3 and 6.3.2.4, respectively.: 
Conclusions are provided in Section 6.3.2.5. , The evaluations and findings are summarized in a 
Table 6-10. 

6.3.2.1 Statement of Qualifying Condition 

The geologic setting - at the site shall allow for the physical separation '  

of radioactive waste from the accessible environment after closure id 
accordance with the requirements of 40 CFR Part 191, Subpart B, as imple-
mented by the provisions of 10 CFR Part 60. The geologic setting at the 
site will allow for the use of engineered barriers to ensure compliance 
with the requirements of 40 CFR Part 191 and 10 CFI Part 60 (see -  := 
Appendix ;I of this Part). 	 - 

This guideline is the postclosirelystem Guideline..,its purpose is to help ensure.that a, 
geologit repository will perform in accordance with-applicable standards and regelitions.l'The, 
System Guideline. for'postclosure performance particularly addresses the need. to eniure'protec-
tion of public health and - safety from radieactive,Wadte materials for at least,10,000-yearr. .4 
It iniorporatearelevant.parts of'the EPA and NEC regulationss. - (1).the EPA,limits on•release 
of radionuclidealto the accessible environment (40.CFR Part 191), and - (2) the NRC site)cri+,-. 
teria (10 CFR Part 60).. ; t 

• 

This guideline addresses the entire repositery'sYstemi inoluding thageologiCsetting_asi, 
well , aathe engineered features of the . wastelormi'wkstelpackages, and other:repositorylelet 
ments: Following the classification-in 10'CFR Part 60.113; the."engineered-barrier systeei 
comprises the various engineered feitures in the repository. These are distinguisheCfrom.the ,  
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natural barriers'in the-geologic:setting. ::The two sets-'of barrieri combine to form the 
repository system. 	.-- 	1: - - 

`'Performance-standards for thivartOus aspents'Of 'the geologic setting are provided itithe 
technical guidelines relating to the postclOsure SysteM - Guidelide:: Specific Technical Guide-
lines address geohydrology, geochemistry, rock characteristics, climatic changes, erosio4 
dissolutior4tectoniii,'and.humaninterference. "'•H. 	 ' 	: 

6.3.2.2 Evaluation Process 	 , 	• ," 

The evaluation-ifthe'SYstem Using:the. pootilOsure System Guideline is:augmeitedby 
use of the'relatedleChnialVuidelines addressing the'geologitsetting (Section-6.3.1). 	7  
Perforzance assessmentsr(SectiOn 6.4.2) are used to investigate :potential Systems:effects of 

 conditiOns,4rocessesi'rand eVinttin thegeologic'setting4nd to t*aluite elements of 
the engineered-barrier - systemerfOrmance-astetsments are also used to evaluate compliance 
with 40 CFR'Part 191 by calculating expected release rates of variouiCradionuclidei 
(Section6.4.2.4). 	- ';11 ! 	 7  - 	 H 	 • 

	

. 	 • 	r 
This evaluation:procisiCOoniisttsf addressingthe'expected'performince'Of'eachbarrier 7 : 

individually and'then assessingliStpotentialtOntributiOnto 7overallrepositOry performance.: 
For site evaluation, primary emphasis is on the waste-isolation capabilities of-the natural 
barriers in the geologirsetting. The engineered-barrier system is not relied upon to compen-
sate for 'deficiencies that 	in:the -natural barriers 

The performance.assessmenti:ofengineered . barriers indicite:thslikelihoOd of complying 
with-1© GFR:Pait 60 criteria, based - ,onAheaite-tPecific"dati presently available . ' waste 
packagel.ife -:(Section 6.4.2.34) -fs'aiilyted,'based -on expectedthermal , cOnditions (Sec- 
tion 6.4.2.3.1) and on the conservative estimates of quantities of brine assumedto contact'
the package (Section 6.4.2.3.2). Solubility of the waste form (Section 6.4.2.3.4), perfor- 
mance of shaft seals (Section-C:44.3:5)i and :tombined -performance'oftheengineeredbarrier 
system (Section 6:442i3:4) are alio evaluatedIer:potential'complianie -withthe-10'GFR'Part:60 -  
criteria. -•In the4bsencitite-specific designs,:the performance assessments addrest'•:: : 'HY  
existing conciPtvforthe;enginieredfeatures of a rePositoryThetecire'considered to be 
adequate representatiOnsfor!thislreliminary assessment. ' 

Evaluation of the geologic setting is based on the findings with regard 'to the indiiidual :  
Technical Guidelines, as discussed in Section 6.3.1 and, summarized in Table 6-10. The effect' 
of indiiidualJgUidelinesion -everall:system perfortanae is sAdresseUby'contidering-the'find-
ingsofrthe-fivOrable and'potentially4dversitOnditions:  

7$% . • 

	

::=Therelevait=laiticand assumptions used fOrAfieevalUations 	 Guide-' 
lines and for the performanceiassessmentvarelescribed ii-the related4artsof Sectiond-6:3.1 
and 6.4.2. The individual dtscusàions :also:deicribe the 'uncertainties and 'limitations' in the" 
available data. 

• .• 	; 	 • 	 !!  

6.3.2.3Engineered4arriet:Syitem: 

The
I • 	: 	: 	-;•-2 	, 	' • 	• 	 . 	 • ' 	7 • 

engineeredbarrierAiiiem it evaluated toletermineithe likelihoOd'thatAhe present: 
conceptualjdalignstan'oOmply'vith10 - CFRIAtt'60:triteria'Underthe eipeCied - site:conditioni.. 
The two criteria addreised:are(1)'idsie -parkage:lifei4nd7(2) releases-Iromthe -engiteerid-
barrier system. 

4 -.3.2:3.1:Vaste.PaekazeLifetime ■; vgasieimikage -lifetite will-befunctiOnilargeli of 
the rate -SUcortosion:anUexterial stress:Goiresion 7rates will be detetmined-bythesverpack-
material properties, the ambient emplacement temperaturef:and:the aioUnt ,anetheMittry of the 
contact fluids. Insalt o 'the quantity of contact fluids is likely to be small. It is assumed 
that the- tourcei'oUcOntadt - viater4rethatnwhich!is4resentiy contained'in the salt, and'that 
which:COuld:itise'fromtlaysi etc. 7. Eziernal --Stresi it!assumed to be:determined:largely by':' • 
lithostatic pressures, a function of repository horizon depth. Preliminary assessment of:the 
performance of the waste package is discussed in Section 6.4.2.3.3. The processes leading to 
package failure are also described in Section 6.4.2.3. 

6175 

7 0:1!122I 	IS5C2170 



Lifetimes were estimated for a range of fluid contact scenarios, including the very con-
servative assumption that brine flow quantities were unlimited). Under expected conditions 
where limited brine quantities are used, the corrosion process becomes self-limiting and life-
times can reasonably be expected to exceed 10,000 years (Section 6.4.2.3.3), which are consid-
erably in excess of the 300 to 1,000 year requirement.,  

6.3.2.3.2 Engineered Barriers,. As indicated by the waste • package lifetime analysis the 
'release rate" of radionuclides into the host rock is expected to be zero for at least 
10,000 years, because failure of the waste package is not likely during that period. In order 
to analyze the effectiveness of the remainder of the engineered-barrier system, analyses have 
been performed assuming package containment feilureat'300 ,  year& (Section 6.4.2.3.4). The 
results of these calculations, which depend on brine flow rates and solubility constraints, 
are given in Section 6.4.2.8.4 for commercial high-level waste(CHLW) and for the spent fuel 
from pressurized water reactors (SFPWR) package et the;  .NBC-mandated minimum package lifetime 
of 300 years. Assuming (1) no thermal gradient,threshold, for brine migration, (2) no brine 
consumed by chemical reaction beyond 300 years, and (3) package failure at 300 years, these 
calculations indicate that cesium-137 will be the limiting radionuclide. With , an interim 
waste form specification of 10-4  fractional release per year (ONWI, 1983, ONWI-462, p. 11), a 
package lifetime of only 430 years (as compared to the expected.life in excess 'of 
10,000 years) would be required to enable the release , rate limits , for the engineered-barrier ; 
system to be met. 	. 

In effect, what this analysis of performance•limita indicates is that the 10 CFR Part 60 
release rate requirement for the engineered-barrier system cannot be assured by only a carbon 
steel container with .a lifetime of 304 years.. On the other hand, the requirements can be•met 
with a package having a minimum lifetime of 430 years and a waste form that would not; release J 

radionuclides upon brine contact at a rate greater than 1074  fractional release per year 
(Section 6.4.2.3.4). 

In fact, waste package designs are expected ;  to- display features that withstand a greater 
than 430-year performance lifetime and leach-resistant waste forms. While either of 'these 
additional release-limiting features appears to be sufficient to satisfy requirements, in 
fact, both are expected to be present in the repository. Therefore, it, appears likely that 
the release limit requirements for the engineered-barrier system can be met. 

6.3.2.4 Geologic Setting 

This section summarizes evaluations of the eight postclosure Technical Guidelines in 
relation to overall assessment of the System Guideline, based on the more detailed discussions, 
in Section 6.3.1. Davis Canyon is considered to be qualified for further consideration 
because all of the qualifying conditions are found while none of the disqualifying conditions 
are present. Accordingly, the emphasis in thie.section•is on considering the balance of, 
favorable and potentially adverse conditions that have been identified. 

Ceohydrology. The qualifying condition was found for Davis Canyon because the proba-
bility (see Section 6.4.2.3.5) of ground-water travel times to the accessible environment ,. 
being less than 1,000 years is extremely low, the salt has very low hydraulic conductivity, 
hydrologic processes are not expected'to reduce isolation capability, and there are no potable 
water sources along likely flow,paths to the accessible.environment. The disqualifying condi, 
tion is not found because • of the long ground-water travel time in the salt and the primary ,  
porosity zones in the surrounding aquifers. 

1, The favorable condition concerninua geohydrologic system that can be , readily.charac, 
terized and , modeled was not found to, be Prese4t  because of the liMited , data base and-:the . ' 
preliminary State of model development,..  

, 	' 	- a 	• 	' 	a 	 ) 5 	t 

The potentially adverse condition concerning thepreience-of features in the geologic 
setting that could contribute to difficulty in,charaCter4aing and modeling the geohydrologic - - 
system was found to be present. . z, • 
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This must be qualified due to finding a lack of site-specific data. Because all other 
favorable conditions were found and none of the other potentially adverse conditions were 
found, the qualifying condition as expected to4ie met. 

Geochemistry.  The qualifying cOndition is expected to be found for Davis Canyon because 
the salt has relatively low water content. One favorable condition was not found to be 
present because of insufficient data to 'determine a numerical value for retardation of radio-
nuclides. No potentially adverse conditions were identified, but geochemical conditions are 
not known with confidence because site characterization has not been performed. The uncer-
tainties regarding geochemistry do ndt reduce confidence in the isolation capabilities of the 
geologic setting because of the Very long ground-water travel times to the accessible 
environment. 

Rock Characteristics.  The qualifying condition is found for Davis Canyon. The salt pro-
vides sufficient thickness and lateral extent for the subsurface facility. . The salt is con-
sidered particularly well suited for construction of the subsurface facility "and for accommo-
dating the thermal, chemical, mechanical, and radiation stresses induced by'radioactive waste. 
One potentially adverse condition was found to be present regarding rock characteristics, 
because brine migration is anticipated to occur. 

Climate Change. —The qualifying condition is expected to be found because future climate 
conditions are not likely to lead to" radionuclide' releases greater than allowable limits. The 
second favorable condition was"not'found to be present because it is not possible to state 
that no measurable changes occurred to - the hydrologic system as a result of climatic changes 
during the Quaternary.• No ,potentially adverse conditions have bein identified. 

The uncertainty with regard to the qualifying condition, which specifically indicates 
that climatic conditions will not lead to radionuclide releases greater than those allowed 
under existing requirements, is the result of the lack of analyses. 

Erosion. The qualifying condition is found for the erosion Technical Guideline. The 
repository level is to beat a:depthgreater than 19135 sitters (2,900 feet) and overburden is 
projected to remain in excess of -the 200-meter1656-feet) minimum even after 1,000,000 years 
of erosion. The favorable -conditions are all present:—No -potentially adverse tonditions are ,  
identified, and the disqualifying condition•is-not found. 

Dissolution.  The qualifying conditionris expected. to be foUnd. The closest potential' 
dissolution feature is 16 kilometers (10 miles) from the site. The favorable condition is 
present and the potentially ' adverse condition"was found to'he present. _The letter condition 
was found because dissoldtion 	been'identifiedwithin the geOlogic setting. The disquali- 
fying condition was not found. Uncertainty with regard to the qualifying condition results 
from a lack of site-specific information. 

. 
Tectonics.  The qualifying tonditidelS foUnd, aid the dis4ualifyingCohdition is not 

found. Davis Canyon . is in'a relatiVety4tablettectonic,setting.- One potentially adverse 
conditioh is'fotnd to be pieseni fivihat -tectonie pionesies have been 	in the 
geologic setting during the Quaternary Period-llowever;'elialuationsioUthe geohydrology and 
erosion Technical Guidelines indicate that the prediCted rates of tectonic processes would not 
adversely affect'ground-water movemeni:ir=cause excessive erosion: 

Ruman'Interference.  The qualifying'cendition it "expected to'be found - and the disqualify-
ing condition is not found. 'Although potential resources are present at - Davie Canyon and 
exploration his occurred in thesurrounaing area, previous actiVities have not'created path-
ways between the subsurface fatility and'the accessible environment. Future penetrations to 
create' iuch - pithways' are considered unIikely;'beied on the use'of'perminent markers to iden-
tify the site, the limited resources present, and the abundance of such resources in this and 
other geologic settings. The uncertainty with regard to the qualifying condition results from 
the lack of specific data concerning the potentiaIiiienOmit resources at the site. ' 
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6.3.2.5 ,Conclusion 	 - 	,.. 
. 	,;:; 	 ,.,, . 	.., 	, _ 	.. 	_ 	. 

nevis6maymisfomultomeetthequalit epostclosureSystem.Guide- _   	_ 	 , 	. 	. 
line, based on evaluations of the related Technical GUidelines, performance assessments of the 
engineered-barrier system,, and calculations• of expected radionuclide releaserates..7 Davis,.; 
Canyon was,foundto meet„thsqualifying conditions in thepostclosure.Technical Guidelines and 
none ofthe,disqualifying conditions,werelound..,T*pOtentially_adverserconditionstfiat are. 
found would, be compensatedforby thefavorahle conditione,„performanceassessments,besed:on 
the present design concepts for. the engineered7barrier,eystee, indicatethatthe WCFR, 
Part 60criteriawould.be met at Davis.Canyon. --Expected radionuclide releases have been 
calculated and would comply,with 40 CFR,Parti9l. , -...-. m.„.,.. „ 	: 	,, 	.., . 	. 

The evidence does not support a finding that the site is not likely to meet the 
qualifying. condition (Level 3).., 	- ; ,- - - -•1 ,-''- 	,„. 

f 	...: 

The Technical Guidelines . : in this section present the conditions for the characteristics, 
processes, and events that influence site suitability relative to the preclosure System Guide-
lines. The :  specific, factors considered here, include the surface conditions of the site, the 
host rock and surrounding strata, hydrology, and tectonics.. The site is evaluated against 
these conditions in terms of its ability to accommodate the repository and its attendant_ 
activities, while ensuring the health and safety of personnel. 

6.3.3.1 Surface Characteristics, Guideline 10 CFR 960.5-2-8. 
is 

The preclosure guideline on surface characteristics is concerned with conditions that are 
important to the ease and cost of constructing,operating, and closing ayepository. In sites 
that are prone to periodic flooding, are, located in a rugged terrain, or have other adverse 
surface-features, special measures may be necessary for repository construction, operation, 
and closure. 'The cost of repository construction, operation, and closure could rise to 
prohibitive levels if a large number of special measures were necessary •  for these phases. 
However, other features of the site--those that would significantly enhance waste isolation--
could be more important than the higher costs, associated with adverse surface characteristics. 

This guideline includes a qualifying condition, two.favorable,conditions, and one - 
potentially adverse condition for_analysis. It , does,not have a disqualifying condition. 

6.3.3.1.1 Statement of Qualifpinpt Condition. 

The site shall be located such that, considering the,surfacelcharacteristics and 
conditionsof the site.and surrounding area,,including:surface-water system, and.the _ 
terrain, :the,' requirements specified in,Section,960.5.4(a)(3)-,can be met during ,   
repository siting, construction, operation, and closure, . ; 

Evaluation Process. To determine whether the.Qualifying Condition with_respectItothe,. 
surface Characteristics specified in 10 CFR 960.5-2-8 can be met, relevant data are summarized 
and evaluated. Assumptions and uncertainties are,discussedrand a•brief analysis is provided. 
Evaluations are , made,regarding favorable and-potentially , adierse conditions et-tho'site. ,  
These conditions andlindings are;summarized in Table-6115. 'Conclusions drawn,withlrespect to 
qualification of the site for further.consideration ai a_potential,repository are ) presented 
along, with.a retionele,for these.conclusions. Cross referencing is provided to other.sectionso 
of the report. 	 - . 	, 	 : . 	. 	: 	; 

Relevant Data. Repository surface-facilities will beilocated in,a relatively level.Side f
:

.  
canyon in a small ephemeral wash near the mouth of Davis Canyon (Figure 5-2). The floor of 

Table 6-14 summarizes, the evaluations and findings- for, the postclosure System Guidelines 
requiring site characterization. 	;, 	, 

6.3.3 Preclosure Technical Guidelines, 10 CFR 960.5-2  

67178)' 
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Table 6-14. Postclosure System Guideline Considerations Requiring Site Characterisation, Davis Canyon 

Associated 
-.system.Guideline-960.4-1(a) 

	
Technical Guidelines : 	-Assessment Results 

	 Findings 

Geohydrology 
(Seetion-63.1:1)' 

Geochemistry 
(Section 6.3.1.2) 

!- 	- 

system -  Guideline:'The qualifying' .  The evidence does not support a 
conditions with•reopect to post 	finding that the sire is not likely 
cloeure'systeU'Oerformance require' to meet the qualifying condition 
menti"ein be wet. This conclusion :"(Level 3). 
is one of ressehable'isierinee 
based_ upon, assessments of what is 
currently innen ibout the'geohydro-
logie setting ind=the eharacterii-1  
tics of host reek=ind'iniiikinding' 1 ':  
geoiOgie l itruitires.''tngineering 
feseibilitY - as'ahoin by conceptual 
design of the facility and waste 
package ind-piediatid performance of 
the repository both Short...term and 
long-terii'provides suffieient eon-' 
lidence'in thesite vs Potential- to 
suppert nomination of the site for 
furtherdetailed'itudieti.' The 
results of thosestudies nest be 
known,-andeubstantial additional' 
engineering delign and performanee 
	nt must be done before this 
system` qualifying condition can be 
affirned and used as arePonitoii = 
proposAL 

 

Technical Guidelinesi Ma r git: 6 le ' 
expected to meet this condition 
because the probability that'grOund-
water travel time to the accessible 
environment greatly exceeds the 
favorable conditionOf 10,000'yesis' 
is very high. 'Thieasiessisent is mode 
using conservative valtiesior . hydroulic 
parameters, and no'adjoiteent'is made 
for:radionuclide retardition. 

Assessments of waste package corro-
sion show tfiat"the engineered- barrier 
system will contain radionuclides 

.for at.least 10,000 years under expected. 
conditions. 

Qualifying Condition. 

The geologic setting at the site shall allow 
	Geohydrology - 960.4-2-1 

for the physical separation of radioactive 
	Geochemistry - 960.4-2-2 

waste from the accessible environment after 
	Rock Chareeterietiii'- 

closure in accordance with the requirements 960.42-3 
of 40 CFR Part 191, Subpart 11, as implemented Clinatid Changes' ∎ ' 
by the provisions of 10 CFR Part 60. The 960-4-2-4 
geologic setting at the site will allow for 

	Erosion - 960.4-2-5 
the use of engineered b  ' 	to ensure 

	
Dissolution - 960.4-2-6 

compliance with the requirements of 40 CFR 
	

Tectonics - 960.4-2-7 
Part 191 and 10 CFR Part 60 (see Appendix I 

	
EumanfInterfireal 

of this Part). 	 960.4;4=11' 



Findings Assessment Results 

Table 6-14. Postclosure System Guideline Considerations Requiring Site Characterisation, Davis Canyon 
..---(Page 2 of 2) 

Associated 
System Guideline 960.4-1(a) 	Technical Guidelines 

Rock Characteristics 
(Section 6.9.1.3) 

Climatic Changes 
(Section 6.3.1.4) 

The host'rock and surrounding units 
are capable of withstanding the' 
thermal, - chemicali'mechanical, and • 
radiation stressei'expected to be•' 
induced by'repoiitory-constrection, 
operation; and closure. 

Climatic changes are expected to be 
the same as those sustained during 
the Quaternary. The'effects on rates 
of erosion and salt dissolution are 

' encompassed in estimated Quaternary 
- rates; these have en insignificant 
'iMPact. r  

Erosion 	Based on projections of Quaternary 

	

(Section 6.3.1.5) 	coaditions, no radionuclide releases 
directly attributsble to erosion are 

- 'expected in less than a million years. 

Dissolution 	Based.on projections of assumed rates 

	

(Section 6.3.1.6) 	of dissolution, it will not reach the 
repository'within a period longer 
than 10,000 years; 	= 

Tectonics 	-The.nature and rates of tectonic 

	

(Section 6.1:3.7) 	processes and events show that there 
_ is very little likelihood of disrup- 

' tive tectonic events during the next 
'10,000 years at the site. 

	

Rumen Inteiference/ 
	

Usable ground water'at the site is 

	

Stature' Resources 
	

'limited: -  Retraction of water will not 

	

(Section 6.3.1.8) 
	

- ad 	ly affect waste - isolation. - 
The potential'foi undiscovered 

• hydrocarbon resources is low, and the 
potential is low for the occurrence 
and development at the site of 
other...saneral _resources. 



the side canyon slopes downward to the southeast at a gentle rate of approximately 2 percent. 
Surficial (near-surface) materials consist of a veneer of soil overlying bedrock. The thick-
ness of soil ranges from zero to a maximum of approximately 5 meters (15 feet). A more 
detailed description of the topography at and around the site is presented in Section 3.2.2.1. 

A portion of the access road and railroad alignments are located in rugged terrain east 
and northeast of the site. These areas are deeply incised by drainage courses and canyons. 
Canyon walls are steep, with maximum heights of approximately 305 meters (1,000 feet). 

Water runoff from the proposed surface facility site drains into the small ephemeral wash 
at the mouth of the side canyon, which in turn drains into the Davis Canyon tributary. Based 
on available information, the probable maximum flood (PMF) floodplain for the small wash 
includes a portion of the site (BCI, 1983, ONWI-476) (Figure 3-51). However, shaft collar, 
other safety-related facilities, and most other surface facilities will be located outside the 
flood plain. 

The nearest surface-water impoundment is a 2- to 4-hectare (5- to 10-acre) irrigation 
pond on Indian Creek at the Dugout Ranch, approximately 6 kilometers (4 miles) southeast of 
the 'site. Any quantity of water released from the pond will flow within the confines of 
Indian Creek and pass an area approximately 1.6 kilometers (1 mile) to the northeast. No 
other impoundments lie upstream from the site. 

Assumptions and Data Uncertainties. Uncertainties are associated with the estimate of 
the maximum probable flood and engineering interpretations made from topographic maps which 
have 24.4-meter (80-foot) contour lines. The estimates for cut and fill at the repository 
site and along the transportation routes are based on these maps which allow only estimates 
for preliminary engineering purposes. Also, the flooding evaluation is based on these maps 
and non-site-specific data (Section 3.3.1.4). 

It is assumed that the areas of the site that are located on the PMF floodplain will be 
filled to an elevation above the PMF floodplain, and that control channels will be constructed 
to direct flow around the site. It is also assumed that standard engineering practice can be 
used to design and build railroad and highway corridors to the site through rugged terrain. 

Analysis. A portion of the geologic repository operations area falls within the PMF 
flood plain. This portion of the site can be brought above the floodplain elevation by 
placement of fill during construction. In addition, floodwaters can be diverted around the 
site by the construction of a lined flood-control channel. 

Information on the surficial (near-surface) subgrade materials (soil and rock) within the 
site is summarized in Section 3.2.9. Soil's appear to be acceptable for large grading oper-
ations. Excavation to establish grades and structure foundations will encounter bedrock. 
Blasting of the bedrock will be required to excavate it. No unacceptable foundation'condi-
tions are expected, based on available information. 

The construction of'the access road and railroad through the rugged terrain will be 
difficult and expensive relative to a site in a terrain of low relief. However, standard 
practice in the design and construction of these routes will allow potential sources'of hazard 
such as steep grades, sharp switchbacks, and slope instability to be mitigated. 

6.3.3.1:2 =Analysis of Favorable Conditions. 

(1) Cenersalyflit terrain. 

Evaluation. Figure 3-2 shims site topography, and Figure 5-9 shows the proposed trans-
,  

portation routes. The Paradox Basin in general and the candidate area in particular is noted 
for steep canyons and rugged! terrain. Although the terrain at the surfice facility is rela-
tively flat, much of the surrounding area, in particular the terrain through which the access 
road and railroad will be constructed, is rugged. 

6-181 ,  
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Table 6-15. preelosnre Techaigal Quidelisse Smiairing Site Cheracterisatios, Davis Cowan 

L.: 

ittre of Guideline Moab • L Section Wssbar . lasesseent Results 	, Winding. 

Surface Chereeteristics 

(a) Qualifying Condition 
• -,  "  . 

ike site shall be located such that; 
considering the surface eharacteria 
ties and conditions of the site end 
surrounding area, including surface- 
vicar systems and the terrain, the 

	

requirement' specified is Section 	' 
960.5-1(a)(3) can be net during' 
repository siting, cometrection, : 
egeration, and elopers. 

(b) Pavorabla Condition  

(1) .-smorall, flat 	is. 

(2) - Sinerally 	 terrain. 

(e) P 	Lilly Adverse Condition  

Surface eberacteristics that could lead 
to the flooding of surface or under- 
grooved facilities by the occupaney and 
modificetie ► of flood plains, the- 
failure . of-existiag or pled eugi-
soared surface-water impoendments,'or ' 
the failure of angiseered component' 
of tberoPeeitory. 

• • 

Seek CharacteriOtics 

(a) Qualifying Condition 

2h...its shell be located such-that 
(1) the-thickness and Lateral attest and 
the characteristics and composition, of. 
the boot rock will be suitable for 
accsmodatioo of the underground fecal, 
• WI (2) the repository coestruction,• 
• operetios, ad closure will not cane „- 

mine baser& to porsoesel; and (3) the 
.....,reqeirensmts specified in Section  

966.2-1(a)(3) can ha net. 

(b)Vaverabie Conditions  

' (I) At host rock that is sufficiently 
thick ad Laterally extensive to allow 
significant flexibility in *sleeting 
the depth, eosfigenatics, sad lecatioe 
of the underground   • • 

.  . 
(2) ,Abost.rock with Characteristics 	. 
that mead require minimal or so actin 
dial support-for underground opsuings'to 
swears safe - repository eeestructioa,  
opexatimt e  led closure. • . : 

• 

• 

''The specified requirements can be set comet-
' daring surface characteristics. 

The access restos cram, very , rugged terrain. 

l he site and vicinity is very uell drained. 

• 

The evidence. does pot support a finding that:the 
site is not 1.ikena seat the qualifying condition 
(Level 33 

L• 

The evidence indicates, that a faVorable condition 
is.not present. ' 

Ike evidence iodicates that 
is present. 
	 a favoreble condition 

960.5-2-S 
	

' 6.3.3.1 

960.5-2-9 
	

6.3.3.2 

• 

Porticos of the proposed site are located in 
the flood plain; however, coosideration of 

: 	appropriate desiciatmccuree bee not been 
taken into account. 

The evidence Wiretap that 
condition is present. 

a potentially adverse 

lased on available inforustion there is side- - The evidence does not support a fioding that the 
Teams thickness, and &efficient lateral extent mite is not likelyrigumet the qualifying condition 

. of host rock with the ',preprint" composition (Level 3) 
to safely construct, operate, ad, close a 
repoeitory. 	 •-.  

• 

The beet'-rock is expected to be approzi- 	The evidence Lodi 	 that favorable condition 
mstely 200 feet thick over at area consider-  is present. 
ably larger than the mite. 	 •- 	 • 

.  . 

Based de existing data, it is difficult-to ' The evidence indictees that • favorable condition 
• - estimate the artificial support Imply...Pats is not prosiest. 	. 

for underground openings especially is the  
. ' ,early stems of, heating. Additionally,* is   

,sot poesiblakkeationte the support 	 • 

.„. 

• 



The tworrotk is =pact= to be arproximately;The 0sta...8- indicates- that a potentially adverse 
200 feet thick. There is • potential for ' -condition to not present. 	. 
=nor amounts of careallite to be present 
which =old influence the degree of flexibil-
ity in locating the repository within the 
vertical extent of the salt cycle. 

Used on existing data no complex engineer- The evidence indicates that a potentially adverse 
log measures vemild he required. 	• 	 condition is not present. 

', Martine data indicate ainteumme sight 	Thcovideate Mdicatei that a potentially adverse 
be required. Additionally, it is not 	conditios is present. 
reelable to estimate the support require 
smuts for retrieval, which is considered pert 
of repository operations as delis= is 
10 al 960.2. 

Several rock characteristics could votes- 	lhafierideoce indicates that a potentially adverse 
tielly teed to difficulty is retrieval -  of ..- ,- cooditiou is provost: 	, 	 • '. 
the "este. Also, retrieval of ministers 
is the presume of radiation could pole 
operational problems. 

lriae pocket' may be eacomatered is the 
repository. 

The evidence indicates that a potentially adverse 
coeditios is present. 

- 	6-15: freglogare• ilecWical Geldeliess =quirt= Site fteracterisatiom, Devis Conroe 
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- 	f - gtatommt of re.  
Technical Guideline. 	 Omideline MEW? TA Section Number ,  - • 	Awesome= Results 	 Dilates. 

regairegmate for retrieval, which for this 
eve:Mott= have Wee considered part of 
repository operatic= as defined in 
10 Cet 960.2. 

(c) Potentially Adverse Cooditioa  

. (11. Alma rock that 'is suitable for 
repository conotratiou., operation, and 
cloture, bet is so thin or laterally 
restricted that little flexibility is 
available for selecting the depth, 

. configuration, or location of an 
miderground facility. 

(2) hAsite cherscrerietios and coo-
- dittoes thet.could require engiuserieg 

Aroma= bayed sum menbly.emitable 
::- - tecbeelogy in thr-commmatioe of the 

shafts sed,==remeed 

• .(3) , 0eosetbenicellgicreiti se,tbet 
meld necessitate extensive =stateliest' 

-,-- , -hlrgiacouitrectiosi of the shafts sod 
emelereround facility. 

(4) .Peteetial.for ash rimegeome as 
thermelly-iedeced, fracturing the hydro-
ties mid dehydration of mineral coupe-
neete - ot7=1,4x - 01meitelf,, chemical, or 
radiaion-related phosomme that could 
led to safety i==des or diffieutty in 
retrieval deriag•ropositery operatics. 

(5) lxiities faults, shear mimes, 
promeriad.briee pockets, dissolution 
alleles, er.etlier:stratigmytiie or 
structural-features thet , meeld-coorre-
mime the safety of repository pecommel 
because of voter inflow or mastructiom 

(15 Disqualifying Oseditiee  

The site =ell be diemmilift:a if the 
reglifeharectowletica are me that the 

. =deft!** sommisted with repository 

.... , esmstreetiam,Aoperstion, 	*lame are 
predicted to ea.= wigailiceetriek to 

-the boil= eed safety of perommet, 
=king intweesseet eltigetiegmeeseres 
that use rommeghly aveileblewagestegy. 

Didrot  

(a) *muffin caw taw 
The eit" shell.  ben legated micfi-thit 
geohydrelegie maxims of the site Mill' 

Doled on existing date which have been 	lee evidence does eat support a finding that the 
gathered front= surface, the rock charm- site is disqualifia-hovel 1). 
teristies appear to be such that the 
repository coedit be Wilt, operated, mid 
clog= solely. 

960.5-2-10 

. . 	- 

Walrus...abilities of the beet reek and our- The madame de= net sup's= a fiediag that the 
remedies units sod preemies of relatively 	site is not likely to eat the qualifyieg.teedittea 



Table 6-15. Preclosure Technical Guidelines Requiring Site Charecterinatios, Davis Canyes _ 	_  
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Vieheical Grieco  liw Guideline Number IA Section Number Assessment Results Findings 

(1) be-siepetible with the activities ,   
lataired for repository ceestructioe, 
aPacaRise, end eleentel (2) see-ion, 
premise the,inaseded feectioas of,the 
shaft liaereeedLeeels; rid (3) permit- 
the voquiremests specified is Section - 
960.5,1(1)63).te be=ret.  

(b) Favorable Condition 

(1). Ahem.= of *wailer; helloes the 
hoot rock rod the land surface. 

(2) Monaco of serface-star oysters. 
that could potamtially COW flooding 
of the repository. . 

(3) Availability of the water 
reiptitoi foe , repository coast:settee,-  
aPatatioap end closure. 

-• • 
(c) Potentially Adverse Condition . 

Groaad-water eeeditieee. that could 
r+q+iA wept: oftimmaxiag rewires 
that ass belied reasonably available 
technology for repository 
coestrectios, operatics, and closure. 

. 	• 	. 	. 
(d) Disqualifying Condition 	• , 

• site shall be Gisquelifie6 if,-boled 
on expected "rood-water conditions, 
it is Likely that sagisearing measures 
that ere beyond resessably, awailabla,.. 
teeknology will he roods**. for , • 
emploratory-ohalt cesetrectioa or for 
repository cemstreeties►  °Feistier, or - 
clesiie. 

dry strati' from the surface to the reposi-
tory indicate a compatible geohydrologic 
setting for the repository. 

The elephant Goy= Pormetios, *La is a 
low yield aquifer, is located between the 
host rock and land surface. 

Rased on the analysis of existing data, 
there is a potential for flooding at the 
site. 

Water appears to be available from the San 
Juan Water Conservancy District. 

Rydrologic data from the (-1 borehole indi-
cate suitable hydrologic conditices for the • 
constructios, operation, and closure of the 
repository. 

•, 

Low permeability strata comprise the rack 
✓oes within and above the repository hori-
zon. Control of the smell quantities of 
water into • shaft during construction is 
expected to be achieved using standard 
engineering and construction practices. 

The evidemea.indicates that • potentially adverse 

The evidoece does not support • finding that the 
site is disqualiffinLevel 1). 

(Level 3). 

The evidence indicates that a 
is not present. 

The evidence indicates that a 
is not present. 

• The evidence indicates that a 
is present. 

favorable condition 

favorable conditioi 

favorable acidities' 

Tectemice 

(a) Qualifying Ceeditios 

960.3-2-11 6.3.3.4 

Tie site shell he located in age.- , 
logic setting is abide any projected, 
e ffects of expected tectonic phenomena 
or inseam Activity on repository con - 
strectios, °gaieties, or closure will 
be mach that the requirements specified 
is Section 960.5-1 (4(3) can be met.. 

(b) Tavorable Conditions 

Quaternary history of the site and vicinity 
has bees dominated by regional uplift, and 
there %es bees so igneous activity. Seisaic 
hazard is moderate requiring no unreasonable 
costs for mitigation. 

The evidence does not support • finding that the 
site is not likely to moot the qualifying condition 
(Level 37,7-  

The- setureind rates of fealties, if 
any, within the geologic setting are 
✓ude that the sageltede owl intensity 
of the associated seismicity are  
minimally less that thee* gessially 
allowable for the coestruction and 
operation of muclear facilities. 

The swotted* and intensity of seismicity 	The evidence indicates that • favorable condition 
associated with faulting in the geologic set- is not present. 
tins is estimated to be greater than that gee - 

, orally allowable st„other nuclear 



The evidence indicates that • potentially adverse 
condition is not present. 

_ 	. 
The evidence does not 'support • !iodise that the 
site is disqualifiirltavel 1). 

• - 

Table: 6-15. trieleenre Ttheical  Guidelines Requiring Site Charactetizatlou, Nevis Canyon 
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StOteuent of 
' Technical Guideline Guideline Number .,  SA Section Number' .  Ass...anent kesulti .  Findings 

CU 

r:1 

(c) potentially adverse Conditions  

(1)7Svidence . afictive faulting 
within the geologic setting. 

.(3) Siotoritai earthquakes or pout 
himen-induCe4 seinsidity that, if 
either were utrader, could produce 
ground notion at the site in excess of 
resooneble-desige limits. 

•- 	=,  
(3) Evidence, %tied on correlatioas 
of ierthquekes with tectonic processes 
and ' fasteres (e.g., Seats) within the 
geologic settingi that the negnitode of 
earthquakes at the site luring reposi-
tory construction, operation, and.clee-
ore set be• larger .then predicted tree 
historical seismicity. 

(3) Disqualifying Condition . 

• Oka 'hall be disqualified if, based 
an the expected eater, sod 	f fault 
movement or other ground notion, it- is 
likely that engineering measures that are 
beyond reasonably available technology 
will be required for exploratory-shaft 
construction er for repository 
ccnstructioe, operation, or closure. 

• 

• Ohara are Ceveril ' faults near the siti,that 	The evidence indicates that a potentially adverse 
- say hive been active during : thelmaterbary. 	condition is primmest. 

. 	. 
' The seismic_record:does not indicate the 	The evidence indicates that a potentially adverse 
• need for excessive-design requirement*: 	condition is not premise. 

Although the south they Graben fault 
could produce an earthquake • larger than 
any historically observed, such covenant 
is judged unlikely in the next 50 years. 

• 

• 

The nature aid rates of ground 
expected from potential sources identified 
for the site are expected to be accommodated 
by application If available engineering 

- technology. 	• 	• . 

cr 

Od 

V, 
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The evidence indicates that the favorable condition is not present. 

(2) Generally well-drained terrain. 

Evaluation.  As a result of the well-developed drainage pattern, the site area drains 
freely. The rugged topography, discussed above, provides excellent drainage for the site. 
Engineered drainage established during site construction will assure that this favorable 
condition is maintained by rechanneling existing drainage around the surface facilities. In 
addition, soils at the site drain freely. Parent materials are primarily sandstones and 
siltstones which result in the development of soils that have low water retention properties 
(Section 3.2.9). 

The evidence indicates that the favorable condition is present. 

6.3.3.1.3 Analysis of Potentially Adverse Conditions. 

Surface characteristics that could lead to the flooding of surface or 
underground facilities by the occupancy and modification of flood plains, 
the failure of existingor planndd man-made surface-water impoundments, or 
the failure of engineered components of the repository. 

Evaluation.  As discussed in Section 3.3.1.4 and shown on Figure 3-51, the 100-year and 
PMF floodplains in Davis Canyon cross the geologic repository operations area, and the reposi-
tory surface facilities occupy the floodplains. No surface-water impoundments exist whose 
failure could flood the surface facility. No known surface characteristics exist "that could 
lead to failure of the engineered componeits of the repository. 

The mitigation of floodplains by placethent of fill during construction is a common 
engineering technique to ensure that surface facilities are not jeopardized. .However, for 
purposes of this evaluation, no consideration is given to such mitigation measures. 

The evidence indicates that the potentially adverse. condition is present. 

6.3.3.1.4 Analysis of Disqualifying Conditions.  The surface characteristics guideline 
has no disqualifying condition; therefore, an analysis is not presented. 

6.3.3.1.5 Conclusion for the Qualifying Condition.  One favorable condition was not pre-
sent and the potentially adverse condition is present. Primary concern is in regard to the 
construction of railroad and highway access to the site in the evaluation of the favorable 
condition. While the condition was not found to be present, transportation corridors, both 
rail and road, have been built in similar areas throughout the western United States. 

A relatively flat, well-drained surface-facility location with freely draining soils 
results in meeting the qualifying condition. Mitigation, however, would require greater 
construction costs. 

The evidence does not support a finding that the site is not likely to meet the • • 

6.3.3.2 Rock Characteristics, Guideline 10 CFI 960.5'2-9 

The objective of the preclosure guideline on rock - characteristics is to ensure that due 
consideration is given to those characteristics of the host rock that may affect (1) the ease 
and cost of repository construction, operation, an&closure; and (2) the safety of repository 
workers. Among those characteristics are ,  the thickness and lateral extent of the host rock, 
geomechanical properties that are favorable foi the maintenance of subsurface openings, and 
conditions that would allow the construction of shafte and the subsurface facility with 
reasonably available,technology. 

qualifying condition (Level 3). 



This guideline includes a qualifying condition, two favorable conditions, and five 
potentially,adverse conditions for analysis. It , also has one disqualifying condition. 

6.3.3.2.1 Statement of Qualifying Condition. 

,The site shall be,located such that (1) the thickness and lateral extent 
and the characteristics and composition of the host rock will be suitable 
for accommodatth of the underground facility; (2) repository construc- 
tion, operation, and,closure will, not cause undue hazard to personnel; and 
(3) the requirements specified in Section 960.5-1(a)(3) can be met. 

Evaluation Process.  To determine whether the , qualifying condition with respect to rock 
characteristics specified in 10 CFR 960.5-2-9 can be met, relevant data (discussed in detail 
in Sections 3 and 5) are summarized and , evaluated. Assumptions and uncertainties are dis-
cussed and a. brief analysis is provided. Evaluations are made as to whether favorable or 
potentially adverse conditions exist "at the site. These•conditions and findings are sum-
marized in Table 6-15. Conclusions drawn, with respect to qualifying the site for further ;  
consideration as „a potential repository, are presented along with the rationale for these 
conclusions. 

Relevant Data.  -Tie relevant rock properties data ere the same es described in Sec-
tion 6.3.1 , for postclosure Technical Guidelines. ,Asdescribed in Section 3.4.1 1 . the 
borehole, approximately•5 kilometers (3 miles) from the,geologic repository operations area, 
indicateethat Salt Cycle 6 is 73 meters (240 feet) thick at a depth of 950 meters 
(3,115 feet) below the surface OCC, 1982, 01141-290,Nol. //, Figure 5-3). Ten other bore- ,  
holes in the candidate area and seismic reflection.data indicate that.Salt Cycle 6 maintains a 
minimum thickness of 30 meters (100 feet) for a minimum of 8 kilometers (5 miles) in any 
direction from the site, and a minimum thickness of 55 meters (180 feet) within the site 
boundaries (WCC, 1982, ONI-290, vol. .II, Figure 5-13), and et . a depth of 910 meters 
(2,985 feet), 

Strength measurementecon4ected.on core from GD-1 indicate that the measured salt 
strength iesufficient for areposiiory,design that will,generally employ .  factors of safety in 
excess of two (SCC, 1984, p_.,.5-4). Creep tests from GD-1 salt indicate that the salt will 
creep at expected stress and temperature levels to seal excavations and fractures after waste 
emplacement (Section 3.2.6.1). Thermal property determinations from GD-1 salt and nonsalt 
(Section 3.2.6.2) show that thermal conductivity is within expected limits, as are the other 
thermal properties of heat capacity, linear expansion, and diffusivity (Table 3-6). 

Assumptions and Data Uncertainty.  The limited testing on CD-1 core is assumed to be 
representative of intact rock properties existing at the geologic repository operations area. 
Uncertainty exists because borehole GD-1 it approximately 5 kilometers (3 miles) from the 
geologic repository. operations, area. ,It may be noted in Table 375 that the engineering. 
properties of Xhe elastic rocks-sampled in GD-1 vary from low to, high strength and from low to 
high Toung's modulus. Thua, * it i.s considered likely that the wide, natural variability of the 
intact elastic rock media, xhai .,xight be expected to occur within the site, is already evident : 
in a single borehole, However, the confidence. level , is expected to increase by statistically 
meaningful drilling, sampling, amd.testing at : additional locations during site characterize-, 
Lion. ` The more importantsalt host roci especially needs additional sampling and , testing, 
but, as with the elastic rocks;.general characteristics are , already evident.,,,Site 
stratigraphy at the geologic repoiitory operationi area is assumed to be as indicated from 
present exploration. The rock mass properties needed for design have been interpreted from a 
consideration of the tested, intact rock.properties_and the rock mass quality inferred from 
the drilling records for borehole CD-1. While this can be considered a conventional and 
reasonable basis for the Lengimeering designet„this stage of the project, it :is :not adequate 
to be considered the final pasts for predicting' rock mass behavior. Iarge-scale exploratory 
excavations and in situ testing to assess rock mass behavior and the significance of larger 
scale discontinuities, including fracturing and materials anisotropy, will be necessary for 
this purpose. Witional.ciaracterization of in situ stress is also required. 

7 6-187-,  
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The evidence indicates that the, favorable cOndition is . present. • 
- 

(19) AVhoit:rock-with'characteriatitethieWOU1d -require minimal or not 
artificial support for,undergroUndrOpeningi-teenitire safe repository', 

' construction, operation,:and, cloeurd: 1  H-'" 

In situ' stress measurementehave'already beea made inthe salt above; At, and below the 
proposed repOsitory horizon, and a-hydrostatic stress condition equal to lithostatic pressure 
was inferred from data results (Section 3.2.6.1). The uncertainty, relative to the stress 
measurements, is that the measurements apply only to'salt strata within the Paiadox.ForMation 
and that the conventional methods of analysis of these measurements may not be entirely appro-
priate for salt units. -There may be stress anisotropy - ands maximuM.in situ'atress that is 
greater than lithostatic pressure in the sedimentary rockoverburden aboYe the'sali. A high, 
maximum in situ stress may produce stress:concentrations .  around the-shaft excavation that 
exceed the available strength'of the host'rock near-the shaft wall,.where'cOnfining' pressures 
are low. This can lead to a disturbed zoneaf fractured rock' surrounding.the shaft opening. 

Analysis. The static stability of reiositor* excavations into Paradoi - Silt Cycle 6 ii 
expected to be satisfactory, based'on the-reported construction performance forthe Waste Iso-
lation Pilot Plant (WIPP) (Frobenius . et 	 Excavations at WIPP into similar stratl- 
igraphy and bedded salt host rock at 700 meteri (2;300'feet) have been stable using ordinary 
mining methods and conventional rock reinforeement-techniques. 'Paradox saltis expected to be '  
more competent than, the salt at WIpP,'which exhibited"continuous clay seam discontinuities 
within the salt that, in'places, required a relatively - close roof bolting pattern. The 
thermomechanical behavior of the rock mass, considering room convergence rates (centerline- ,  
roof-to-floor), was also assessed. A practical limit of 10 percent convergence was adopted, 
after which remedial action (suclvas scaling . the rO6f)idrequired to maintain equipMent 
clearance (Russell, 1979, p 7-10). Calculations 'show that thielimii is not"reached 5 years 
after waste emplacement for an emplacement drift at 850 meters (2,790 feet)' (Wagner et al., 
1985, BMI/ONWI-512, p. 37).- The creep reipolise"of salt is temperature-dependent. Therefore, 
the main haulageways and aceesedrifts; which do not experience as severe a thermalload as 
the emplacement drifts, will exhibit lowerconvergence rates. 

Due to a lack'Of empirical data, there -ie some' unceriainty—regardingthe effect of heat 
on the deformation of the bedded Salt host rock, and haw this will' affect deformation:and room 
closure rates. While the salt host rock appears to be relatively competent at ambient temper- 
&tures, there is a lack of data concerning the effects of heat on the anhydrite and carnallite 
layers and how this will affect tunnel stabilityp-particularly roof stability. It is expected 
that tunnels can be kept open by periodic icalinfof the roof floor to maintain required 
clearances, and that excessively difficult repository design and construction procedures will 
not be required.   

6.3..3.2.2 Analysis of FavorableConditions. 

(1) A host rock that is sufficiently thick and laterally extensive to 
allow significant flexibility'in selecting'the depthi - configuration, 
and location -of the underground facilityi;  

Evaluation .  Based'on- theSalt. Circle 6 isopachi shownin Figure 3-17, the thickness of r  
Salt Cycle 6 at: the site is expected to belmtween'55 and, 65 meters (180-' and 215 feet). Thil'J-
permits flexibility in locating'the maximum vertical-dimension of therepository opening 
within the host:rock. This dimensionqe nominally 12' meters (40 feet) from the' roof` Of lice= 
vation- to the base of the canisterhole (SCC, , 1984,'Figure-5-2).' Criteria for vertical toca7" 
tion of the opening within the host rotit horizon were' discussed in Section 6.3-.1.3.2. Also,' 
based on the wideeutiformly-spread isepach intervals- shown in Figure 3-17;"it is inferrea 
that there is aecOnsiderabledegree of flexibilityin situating the approximately 8:-square-- 

Evaluation. Based -  On examination of- coreifrom CD-1;'Salt Cycle'6 appears to be a rola-' 
tively massive evaporite sequence. Anisotropy within the salt cycle consists of thin 
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undulatory anhydrite bands (Sections 3.2.3.3 and 3.2.7.1). Theie anhydrite bands are not 
considered to be planes of weakness relevant for design purposes because of the 95 to 
100 percent rock quality designations (Rips) (WCC,4982, ONT-388, Vol. I, p. 34) calculated 
for this cycle while drilling CD-1; however, geochemiCal changei due to increased temperatures 
will not degrade carnallite "strength" in excess of - that expected of salt (Section 5.2:1). 
Furthermore, the similar creep and "yield" behavior of carnallite suggests that carnallite 
will have many of the self-healing characteristics of salt. Finally, because of the 
relatively small amounts of'carnallite, distance from repository horizon, and low permeability 
of salt (Tien et al., 1983, WUREC/CR-3129), it is unlikely that any water released through- - 
dehydration of carnallite (which should be minimal for expected temperatures):will have a 
significant effect - on roof support. The effect of the carnallite marker bedi'dverlying the- 
repositori, is not well understood. The effect'of heat will be to exacerbate any tendency for 
roof slabbing to-occur. -Occisional rock bolting - is considered to be the only artificial 
support that will be required for the underground openings (SCC, 198 14' 

There is some - uncertainty concerning the'effect of heat on the subsurfaee'tunnels and how 
this will affect reexcavation and support of the tunnels. Room-scale calculations performed 
by Wagner (1985, ONWI-300) using a viscoelastic constitutive model, indicated that vertical 
closure along the roof to floor centerline would approach 0.5 meter (1.6 feet) in 5'years for 
5.5 by 5.5 meter (18 by 18 foot) rooms in Paradox salt. During this time period, the temper-
ature of the roof will have reached 60 C (140 F) and will not reach a_maximum, of 95 -C•(203-F) 
until 25 years have passed (Wagner et al., 1985, EMI/OM-512, Figure 3.2). Hence, rooms and 
tunnels kept open for more than 5'years will experience larger amounts of -closure and will 
have to be periodically remined or supported to maintain accessibility. 

In existing bedded salt mines, openings up to 9.1 meters (301eet) wide generally stand 
unsupported. Occasional roof bolts or wire mesh are used to support loose slabs or large 

general ,- the at mine tunnel intersections. In generalthe closUre that is measured is due to the . 
slow creep of the salt into the excavation, resulting in heaving of the floor, gigging of,the '- 
roof, and convergence of the walls. These movements are generally predictable and routinely - 
handled in the mining operation.' 

The effect of prolonged-heating on the failure mechanism of salt:tuinels is `not well 
understood because the empirical data base is limited. At -Pioject,Salt Vault (Bradshaw'and 
McClain, - 1971, ORNL-4535, pp. 210-214), the floor area in Rtooms 1 -and 4 uplifted very rapidly-
when the heaters were turned on, but this uplift slowed to a nearly"eonstant rate. Similar 
behavior occurred when the heat input was increased by 40 perient.' When the heateis were 
turned off, the recovery of the floor uplift amounted to about 16 percent in Room 1 and 
11 percent in Room 4, indicating that the mechanism of floor lift teas more complicated than 
simple thermal eipantion of salt around the heaters and that• creep`' was the'dominant.mtchahism.! 

Similar behavior was obiained'for deformatiOn of the roOf. -Ii-addition, gages recorded 
the behavior of the sagging of a 0.6-meter-(2-foot-) thick bed of salt in the immediate roof 
of the rooms (Bradshaw and McClain, 1971, OBN1-4555, pp. 219-230).'• This bed had beeilden-
tined prior to the start Of the experiment and the presence - of a thin shale parting0.6 meter 
(2 feet) above the ceiling was also recorded. Prior to heating, the rate of-sag of this bed 
was considered normal and harmless. Once 	heaters were turned on, however , the accelera- 
tion of roof sag immediately increased by

, 
 a factor of'about five. This was unexpected and 

required remedial action to prevent the development of'd hazardous condition. Consequently, 
the whole experimental area was secured by roof bolting using expanding-shell-bait-type 
anchors which were 1.2 meters (4 feet) long on 1a-meter (4-foot) centers. 

Convergence' measurementi made during'the Avery Island heater tests (Van Simbeek et al, 
1983, ONWT-190[5], Figures 33, 34, and 35) produced - roof to floor-closures of only 2.54 by 
3.1 centimeters (1 by 1.5 inches) after 4,000 days of heating, and no evideite-of roof 
slabbing iearieported. -  These results hive little applicability to the present distussion, 
however, because convergence was measured close to the pillars and not near the center of the" -  
rooms, and because domal salt does not contain the atratigraphic weaknesses inherent in bedded 
salt. - 
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Paradox saltcontains, thin undulating laminae of anhydrite. Nelson et al. (1982,•. 
ONWI-400, p., 82) concluded that the Paradox salt has higher, strengths when,compared toothep 
salts, under.similar test conditions and did not note any particular deleterious effects due to 
the anhydrita layers. These tests, however, were not designed to evaluateroof conditions at 
elevated temperatures, and no heated, field-scale taste have beemperformed,in the Paradox• 
Basin. ; . - 1  .1  1 -  

It may be concluded that, while thermomechanical calculations cane reasonably predict the 
amount of room closure and far-field behavior due to creep in the salt host rock, they are not 
reliable in predicting the response of subsurface tunnels in the early stages.of heating. 
There is also little field evidence to indicate what failure mechanisms are acting immediately' 
around the mine openings when bedded salt is heated. It appears, however, that the'effect of 
heating will be to exacerbate any tendencies for slabbing and spelling to occur, but it is not 
known how serious an effect this may have on tunnel-stability and, support, mine maintenance:. 
costs, and personnel safety. In addition, it is not possible to estimate support requirements 
for retrieval, which for this evaluation has been considered part of repository operation as 
defined -in _1© CFI 960.2.. 

, The.eyidencelndicateathat the favorable,condition is not present. 

6.3.3.2.3 Analysis of Potentially Adverse Conditions. 

(1) A  host ,rock that ig suitable for-repository construction, operation, 
and closure, but is so thin or laterally restricted that little flexi-
bility is available for selecting the depth, configuration, or location of 
an ,underground facility. 

Evaluation. As discussed in Section 6.3.3.2.2, Salt Cycle 6 is approximately 60 meters .  

(200 feet) thick and the estimated thickness of salt required for the repository workings, ,  

including allowances for am enveloping disturbed zone, is approximately 30 meters (100 feet) :  

(Section 6.3.1.3.3). Based On this, there is approximately 30 meters (100 feet) of flexi.. 
bility in locating the repository within the vertical extent of Salt Cycle 6. If the carnal-
lite zone (Section 3.2.7.1),is present in the salt cycle, and if the presence of this hydrous 
evaporite.mineral is found to be deleterious to repository performance, the carnallite zone 
could limit the flexibility with respect to , depth. In general,,however, the maximum rock tem- ' 
perature near the canister will be low and transitory, relative to conditions estimated for 
possible chemical change to carnallite (Section 3.2.7). 

As discussed. in Section 6.3.3.2.2,,there appears:to be a considerable degree of:: 	. 
flexibility, with:iegardto.selectingthe configuration and location.oUa.subsurface facility. •- 

The evidence indicates that the potentially adverse condition is not present. 

-(I) In situ characteristics and.conditions that could require engineering 
measures beyond reasonably available technology in the construction of the 

, 'shafts aid underground facility. .  

Evaluation. N9 in situ characteristics orsconditions have been identified as requiring 
engineerine,monaores beyond the state-of-the-art in' underground construction (SCC, 1984, ,  
pp. 34 to 3-16). 	t" 	- 	 2 

During construction of the shafts, penetration of any significant overlying aquifers in 
the Elephant Canyon, Honaker Trail, . and. Paradox Formations may require pregrouting or freezing 
prior to excavationvand will generally requije a :abaft lining, dewatering pumps, and moni-
taring systems,,which are typical in the mining industry (PB/PB7D.1, 1983, ONWI-496, p. 20). 
D'Appolonia (1981, ONWI-233) includes an-Appendix which is ageneral,review of shaft lining ;  

and sealincmethods. -It presents a detailed discussion of the advantages: and disadvantages of: 
freezing, l dewatering, and grouting, including suggestions for mitigating adverse consequences, 
when possible. It also reviews the experience base from sinking shafts through aquifers over-
lying evaporite deposits, and states that "the Saskatchewan and Boulby examples are of 
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particular interest in demonstrating that shafts can be sealed to prevent downward seepage 
into salt deposits, even where relatively high permeabilities and ground-water pressures are:..: 
involved." The use of ground-freezing technology for shaft sinking is a well understood and 
viable technique for sinking shafts through well-consolidated or poorly consolidated ground 
that is partially or fully saturated with water. The process can be applied to soil or rocks 
that contain pore water or water in fractures. Ground-freezing methods have been used exten-
sively for 100 years, and are considered state-of-the-art technology. The freezing method, . 
which, if required at the Davis Canyon site, appears to have minimal impact on mechanical - 
properties, although clay partings may deform when frozen. If the'freezing and thawing cycle 
results in increased permeability immediately adjacent to the shaft, the potential downward 
flow can be controlled with installation. of a grout curtain or an impermeable keyway below the 
freeze region. 	 _ 

The salt host rock appears to be relatively competent at ambient temperatures. Construe- 
tion of underground facilities does not appear to require engineering measures beyond the :.• 
state-of-the-art in :underground construction. However, although no significant findings were 
made during drilling of CD-1, it is possible that some gas or brine pockets may be encountered 
during excavation, or that high water inflows could be encountered in penetrating overlying 
strata. Hazards caused by gas can be mitigated by ventilation monitoring systems, advance 
probe techniques, elimination of systems that could ignite gases, and if necessary, zonstruc-
tion of the facilities following Mine Safety and Health Administration regulation guideline's 
on safety for gassy mines (30 CFR 57.21). All these measures are reasonably.available tech-
nologies that are commonly applied in subsurface coal mines. 

The evidence indicates that the potentially adverse condition is not present. 

(3) Ceomechanical properties that could necessitate extensive maintenance 
of the underground openings during repository operation and closure. 

Evaluation.  Some reexcavation of passageways and panels' is expected.to be necessary to 
maintain excavation geometry due to salt creep and roof slabbing. As discussed. in.Sec- 
tion 6.3.3.2.2(2)i the effect of prolonged heating on the failure mechanism of , salt tunnels is 
poorly understood because of the limited empirical data base. Consequently, it is not known 
whether salt creep and roof stabbing will have a serious effect on the maintenance costs-of,. 
subsurface openings during;repository operations and closure. 

These adverse effects on repository operations can. be mitigated to some extent bytini-
miming the amount of elapsed time between excavation, waste emplacement, and backfilling of 
the rooms.!-However,.extensiveltupportMay be required to maintain the main passageways in the 
heated host'rock that-must stay open. In addition, it is not . possible to estimate suppor•_: 
requirements for retrieval,. which for this evaluation, has been consideredIpart.oftepoaitory' 
operations,' asidefined•in WCFR 960.2. 

,The evidence.indicates'that the potentially adverse condition is present. 

(4) Potential for such phenomena as thermally: induced fracturing; the 
hydration and dehydration of mineral components, or other physical, 
chemical, 'ortadiation-related.phenomena that could lead to:safety .-

.hazards or difficulty invetrieval during•epositOry operation. 

Evaluation. ,  This evaluation assumes that'the -emplacement rooms will-be backfilled after• 
one year Hence,-for retrieval,Ithe re-excavationtf the storage rooms and the'location 
waste canisteri-itasiumed . tobetequired. Ceomechanicaljectors that could also influence 
waste retrieval inAgalt are thermal decrepitation of rOCk'adjacent to the canister; creep 
around, and induced stresses on, the overpack; brine migration towardthe canister; and 
radiation effects on the mechanical behavior of the adjacent rock. 

The potential for thermal decrepitation adjacent to the canister is minimal. The maximum 
design temperature-for the canister in.salt of 250 C (482-F) (Westinghouse Electric Corp., 
1983, ONWI-438, p. 54) was chosen to be below:the•thermal decrepitationtemperature.of rock 
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salt. Moreover, the maximum salt temperature of approximately 250 C (482 F) will occur within-
less than 0.5 meter (1.6 feet) of the surface of the waste package for a period - of less than 
20 years, so that, in' the worst situation, the effect of increased temperatures would be.to 
disaggregate only- - a' small volume of salt around the waste- package. Laboratory testing of 
Paradox,Cycle 6 salt indicates that the actual decrepitation temperature is in excesd:of't450 C 
(842 B) (Senseny, 1983, ONW1-9[83-11), p. 88; Lagedrost and Capps, 1983, BMI/ONWI-.522, -  
pp. 58-62). There is no evidence to suggest that likely impurities in the salt in the 
vicinity of the waste packages would lower - the temperature at which thermal decrepitation of 
the salt occurs to below 250 C (482: F). 

Geochemical changes due , to increased temperatures mill not degrade carnallite "strength" 
in excess of that expected of salt (Section 5.2.1). Furthermore, the similar creep and 
"yield" behavior of carnallite suggests that carnallite will have many of the self-healing 
characteristics of salt. Finally,:because of the relatiVely small amounts of carnallite, 
distance from repository horizon, and low permeability of salt (Tien et al.; 1983, 
NUREG/CR-3129), it is unlikely that any water released ,  through dehydration of carnallite 
(which should be minimal for expected temperatures) should reach the waste package and 
increase corrosion. 

Creep of the salt will close the air gap between the canister and the salt host rock 
shortly after emplacement, resulting-  in thel buildup of stresses on the' canister (Wilems 
et al., 1980, ONWI-203,' pp. 48-50). The waste canister overpack is to be designed to resist 
these lateral stresses resulting from thermal expansion and in situ stresses (Westinghouse 
Electric Corp., 1983, ONWI-438, p. 54). If retrieval of the waste form after emplacement is 
required, the creep closure of salt against the canister will require overcoring of the 
canister, or removal of the waste form from the in-place overpack, both of which will pose 
some difficulty. 

The migration of brine toward the waste canister is a factor in corrosion of the waste 
overpack. However, the canister will be designed to accommodate this corrosion (Westinghouse 
Electric Corp., 1983, ONWI-438, pp. 471-479) and remain structurally sound: Analysis in Sec-
tion 6.4.2.3.3 indicates that corrosion dUring the period of time for which retriever may be 
required (up to 50 years) will not result in waste package failure. However, thesd same - 
analyses (Section 6.4.2.3.3) indicate that significant amounts of brine could migrate to the 
vicinity of the waste package during this time interval. Therefore, retrieval operations 
should not be hampered by corrosion of the canister, but the presence of brine could pose 
difficulties. 

The potential for retrieval problems relating to radiation effects on the mechanical 
properties of salt is also considered minimal.. Based on preliminary studies, the influence of 
radiatiOn will be limited to the very near-field (within a few meters of the canister), and 
the radiation effect on mechanical properties is minor (Bradshaw and McClain, 1971, ORNL-4555, 
pp. 7-10). At the maximum salt design temperature of 250 C (482 F) and at the expected 
radiation levels, negligible amounts of new brines or chlorine gas milL be generated, and they 
will not pose a threat to workers. Retrieval of the canisters in the presence of radiation 
could pose additional operational difficulties. 

From the preceding discussion, it can be concluded that this potentially adverse condi-
tion exists because, although thermal decrepitation of salt adjacent to the waste and radia-
tion effects on salt do not appear to adversely influence waste retrieval, the anticipated 
requirementto. overcome the waste canister, the potential' need to remove the waste from , the 
in-plece overpack,'and the presenmof radiation and brine would pose safety hazards and 
difficulty in retrieval "during repository operations. In addition, there is considerable 
uncertainty regarding the potential effect of the repository thermal load on the stability of 
openings required for retrieval. 

The evidence indicates that the potentially adverse condition is present. 
• .7 

.(5): Existing faults, shear.zonea, pressurized brine pockets, dissolution' 
effectsi'or otherstratigraphio or etrUCturelleatures that could 
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compromise the safety of repository personnel because of water inflow or 
construction problems. 

Evaluation..Based-on present limited data,•major shear zones or fault zones are not 
expected.inthe.host rock at the site. Other structural, .stratigraphic, or dissolution -
features that could compromise the safety of repository. personnel have not been identified 
(Section 3.2). 

.:Brine and gas pockets may be present in the repository horizon. This evaluation does not 
consider that these features may be identified in advance of the mining operation and precau-
tions taken to minimize the hazard to personnel (Section 6.3.2.2.4). 

The evidence indicates that the potentially adverse condition is present. 

6.3.3.2.4 Analysis of Disqualifying Condition. 

The site shall be disqualified, if the rock characteristics are such that 
the activities associated with repository construction, operation; or clo-
sure are-predicted•to cause significant risk to the health and safety of 
personnel, taking into account mitigating measures that use reasonably 
available technology. 

Potential hazards to personnel during repository construction, operation, and closure 
related to rock characteristics consist of excavation instability, gas pockets, brine pockets, 
water inflow, and dust. Current data indicate favorable joint and fracture conditions at the 
repository horizon, but there remains a significant degree of uncertainty regarding the 
lateral variation that may exist in the site-specific area. Consequently, rock mass behavior 
relating to preclosure conditions cannot yet be predicted with certainty. However, the design 
will provide for a,range of conditions that might be needed. For example, the extent of 
joints and fractures in the rock mass will generally dictate the extent of rock reinforcement 
or support needed to ensure stable excavations. This extent may range from occasional, short 
rock bolts, to closely spaced, deep rock bolts, or even to rolled-steel roof supports at weak 
sections or intersections. This scale of increasing support needs is coincident with a scale 
of increasing time , and cost needed to do the work, but represents conventional• technology. 
Similarly, the potential for gas and brine pockets translates to a need for proven mine safety 
and engineering practices in advancing an excavation heading, such as by doing borehole prob-
ing ahead of the face, 'and by bringing up ample ventilation and dewatering capability behind 
the face. •Currentivertical drilling data have not yet exposed any significant evidence of gas 
and brine pockets,.but some uncertainty remains. 

These levels.of uncertainty ,  will be appreciably diminished by the at-depth testing 
planned in the exploratory shaft facility described in Section 4.1.2, but the design, never-
theless, will contain provisions of state-of-the-art technology to meet any of the conditions 
of risk to health and safety discussed. .  

The evidence does not support a finding that the site is disqualified (Level 1). 

6.3.3.2.5: Conclusion for the Qualifying Condition. The site meets all favorable 
conditions. Three potentially adverse conditions were found to'be present. The other two 
potentially adverse conditions were not found to be present. 

17 

-.Howeveri . the analyses and -evaluationi presented above indicate that it is possible to 
meet 	requirementsMfthe :Qualifying Condition. 

• 

The evidence does 	support a finding that the site is not likely to meet the 
qualifying condition.(Level:3).: 
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6.3.3.3 Hydrology, Guideline 10 CFR 960.5-2-10 

The preclosure Technical Guideline on hydrology is concerned with (1) the potential 
effects of groundwater on the construction and sealing of shafts and other underground open-
ings, including the repositdry itself; (2) the potential for flooding of 'underground workings 
by surface water; and (3) the availability ,  of water for repository construction and operation. 
Its'objective is to ensure that the geohydrologic setting will be compatible withlrepository 
construction, operation, and closure; will not compromise the functions of shaft liners and 
seals; and will allow construction, operation; and closure to be achieved with reasonably 
available technology at reasonable cost: • 

This guideline includes a qualifying condition, three favorable conditions, and one 
potentially adverse condition for analysis. It also has one disqualifying condition. 

6.3.3.3.1 Statement of Qualifying Condition. 

The site shall be located such that the geohydrologic setting of the site 
will (1) be compatible with the activities required for repository con-
struction, operation, and closure; (2) not compromise the intended func-
tions of the shaft liners and seals; and (3) permit the requirements 
specified in Section 960.5-1(a)(3) to be met. 

Evaluation Process.  To determine whether the Qualifying Condition with respect to 
hydrology specified in 10 CFR 960.5-2-10 can be met, relevant data are summarized and eval-
uated. Assumptions and uncertainties are discussed and a brief analysis is provided. Eval-
uations are made regarding favorable and potentially adverse conditions at the site. These 
conditions and findings are summarized in a table at the end of Section 6.3.3. Conclusions 
drawn with respect to qualification of the site for further consideration as a potential 
repository are presented along with a rationale for these conclusions. Cross referencing is 
provided to other sections of the report. 

Relevant Data.  The principal data-employed for the evaluation of the site for preclosure 
hydrology is, taken from WCC (1982, ONWI-290, Vol. II; 1982, ONWI-388) which is'summarized in 
Sections 3.3.1 and 3.3.2. Data indicate that the rock units above, below, and within the host 
rock, in the vicinity of the site, are of generally low permeability, with limited water-. 
production potential. One potentially-productive unit,• the Elephant Canyon Formation,- which
is approximately 305 meters (1,000 feet) below ground surface, and 610 meters (2,000 feet)'' 
above the repository horizon, has been identified. The surface-water characteristics of the 
site indicate little runoff, less than 2.5 centimeters (1 inch) per year, and total average 
precipitation approximately 25 centimeters (10 inches) per year. Local watersheds are small, 
and summer thunderstorms can cause heavy localized flooding. Flooding potential at the site 
is described in Section 3.3.1.4. 

Assumptions and Data Uncertainties.  Primary among the assumptions regarding ground-water 
conditions at the site is that conditions at the site are similar to those encountered at the 
GD-1 borehole northeast of the site.- This borehole was drilled to a depth of 1,829 meters 
(over 6,000 feet) and extensively tested. In addition, information from other drillholes in 
the site vicinity was used to predict site conditions ;  but none were closer to the.site than 
the GD-1 borehole. 	1 	 .  

Surface-water data are not site-specific, and analyses are based on information gathered 
from streams in the candidate'area-and on the available topographic maps.of,the area which 
have a 24-meter (80-foot) contour interval that.increadea the uncertainty regarding probable 
maximum flood (PMP) calculations. 

It has been assumed that water for use during constructionp - operationi . and closuWof the 
repository can be obtained by purchase or lease of water rights from the Colorado River sys-
tem. This right to withdrawal would be transferred to the Colorado River south of Moab for 
withdrawal there, as indicated in Section 5.1. 
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6.3.3.3.2 Analysis of Favorable Conditions. 

(1) Absence of aquifers between the host rock and the land Surface. 

Evaluation.  There'll a minor aquifer between the host rock - and the land surface. The 
Elephant-Canyon Formation at the CD-1 borehole produced approxiilately 4 cubic meters per hour : 
(17.6 gallons per minute) of marginal quality water. 	 !. 

The evidence indicates that the'favorable condition is not-•resent: 

(2) Absence of surface-water systems that could potentially cause flooding 
of the repository.  

Evaluation.'  FloOdingstudies of the -sites (BCI, 1983, ONWI-476) indicate that'ihere is 
potential for flooding. :- Tbii evaluatien has not considered that flooding at the site can.be', 
mitigated. 'The probable maximum flood (FIE) floodplain is coincident with part - of the site' 
(Section -3.3.1.4; Figure 3-51). 	= 

The evidence indicates that the favorable condition is not present. 

(3) Availability of the'iater required far repositoriConstructIon, 
operation, and closure. 

• 

Evaluation.  The San Juan Water Conservancy District indicated willingness to sell up to 
3,453,749 cubicMeters120100 acre'faet) of water per durinurepoiitory construction, and 
up to 616,741 - cubiometers (500 acre feet) of meter per yeatfOr operations.'-Details - of water 
requirements are discussed in Section 5:4.3.5. ' 

The evidence indicates that the favorable condition is present. 

6.3.3.3:3 .  Analviis.of Potentially. Adverse Condition  

Cround-owater conditions that'Could'require CoMplex engineering'keasurei 
- thatliii beyond reasonablravailabletechnology for repOsitory construe
tion l 'Operation vand closure. 

Evaluation.  The geologic section above and within, the host rock is composed of low 
permeability rocks: '.:The Elephant Canyon Formation'does Small quantities Of.water; 
howeverianticiOated inflows to shafts are well within -standard'engineering4ractice 

The evidence-  indicates that thlpotentialli adverse condition is tot pretent.' • 

6.3.3.3.4 Analysis oUDisoUalifyine Condition. 

ASite shall be'disquilified if, -  based on expected ground-water 
conditions,'It i likely that. engineering measures thatare'beyoricr,  
teasonahlfavailable-technologrwill:te required for exploratory-shaft 

- .construction etfor.repository construction,".operationi -or Closure 	€. 
.!H ,.;? 	:-!- 	- - 	:: 	2 : 	 • 	•• 

Evaluation.  The-strata above And mIthinthe host rock are-oUgenerallytoW 
Limited, small flows of ground water would be expected to occur into'an open shaft from the 
strata above'thilialtl'hovieveri control of such small inflows into a Shaft:Under these 
geologic' cOhditions is well withinmitigaii*e capabilities of standard engineerineprictict. ,  

.! 	 t 	!.; 	 I 	47.  - 	 ' 	 • • 

The evidence does not support a finding that the site is dioquilified 

6J.3.3.5 Conclusion for the Qualifying Conditionlbe  surfacewaterrandlround-water 
systemuare , comPatiblawith-activities Tequiredlor repositoriconstruCtionioperation, , and- 7. 
closure. There is a minor aquifer 'between the:host rock and groundsurfaceltence, - Iavorable 
condition (1) is not present. However, estimated inflows to a shaft are well within 
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mitigative capabilities of standard engineering practice. While it is expected thatsurface-
water systems could cause flooding of the repository, analyses have not considered mitigation 
of flooding by engineered-design measures. •  Evaluations to date indicate that water for con-
struction, operation, and closure of the repository would be available from the Colorado River 
system.- The ground-water conditions are l considered to be very good for construction, opera-
tion, and closure, and the potential adverse condition is not present. The available evidence 
does not support a finding that the site is disqualified. 

The evidence does not support a finding that the site is , not likely to meet the 
qualifying condition (Level 3). 

6.3.3.4 Tectonics, Guideline 10 CFR 960.5-2-11 

Tectonic processes during the preclosure period could require design features that pro-
tect the facilities, the repository workers, and the public. The objective of the preclosure 
guideline on tectonics is to provide a high degree of confidence that the selected site is not 
likely to be affected by tectonic events of such magnitude that unreasonable design features 
would be required. 

This guideline includes a qualifying condition, a favorable condition, and three poten-
tially adverse conditions for , analysis. It also has a disqualifying condition. 

6.3.3.4.1 Statement of Qualifyina Condition. 

The: site shall be, located in a geologic setting-in which any projected 
effects of expectedtectonic phenomena or igneous activity: on repository 
construction, operation, or closure will, be such that the requirements 
specified in Section 960.5-1(a);8) can be met. 

Evaluation Process.  To determine whether the Qualifying Condition with respect to tec-
tonics specified in 10 CFR 960.5-2-11 can be met, relevant: data are summarized and evaluated. 
Assumptions and uncertainties are discussed and a brief analysis is provided. Evaluations are 
made regarding favorable and potentially adverse conditions at the site. These conditions and 
findings are summarized in Table 6-15. Conclusions drawn with respect to qualification of the 
site for further consideration as a potential repository are presented , along with a rationale 
for these conclusions. Cross referencing to other sections of the report is provided. 

Relevant Data.  A comprehensive review, of published geologic literature has been con-
ducted emphasizing the geologic history of , the Paradox Basin, including the entire Colorado 
Plateau and the surrounding regions of greater geologic activity (WCC, 1982, O1WI-290, 
Vol. I). These data are reviewed in. Section 3.2.5 and are briefly summarized below. 

The site lies within the central portion of the Colorado Plateau. The' tectonic history 
of the region was dominated by two major episodes of faulting and folding. The early episode 
lasted from approximately. 310 to 270 million years ago,' and the latter one lasted from 
approximately 70 to 40 million years ago (Section 3.2.5.1).' The gentle folds that charac-
terize the candidate: area were produced in the latter episode (Section 3.2.5.4). Igneous 
intrusive, (the Abajo and La Sal Mountains) were emplaced approximately 27 million years ago 
in the vicinity of the site. The closest known area of Quaternary age volcanism lies 
127 , kilometers-(79 miles) east of, the site (Figure 3-33 and , Section 3.2.5.3). 

• 	 • 	 3 	1 
The mostsignificant late Cenozoic tectonic process has been regional uplift that 

resulted in the erosion of the deep canyons of the Colorado River. system. This uplift has ,  
been relatively slow (i.e., probably less than 0.6 meter (2 feet) per 1,000 years for the last 
700,000 years) (Section 3.2.5.4). 

-Geologic mapping of the site vicinity, has not indicated the presence of surface faults. 
Mapping of steep scarps along Shay Graben, south of the site, indicates that this feature may 
have been reactivated during the Quaternary (Section 3.2.5.1). 

r 
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Geophysical studies included interpretation of a considerable amount of seismic reflec-
tion data for the area: .Subsurface faults that may extend upward• into the lower part of the 
Paradox Formation are found in the northeastern and north-central part of the site vicinity 
(Section 3.2.5.1). 

Regional seismologic studies -In-elude a review. of .the historical seismicityof the 
Colorado-Plateau and an evaluation of some of the Urger events that . have occurred within ;he 
Plateau, but•outside the Paridox Basin. During the period of the historical seismicity 
record, 1850 to 1979, no earthquakes are known to have occurred within the site (Sec- 	, 
tion 3.2.5.2). A local network of seismographs-capable of recording very .email earthquakes. 
has been operating sinci.mid-1979. -No earthquakes have been observed within the site. The 
largest earthquakes observed,to date'in the Utah portion of the Paradox Basin have been 
approximately magnitude ML 3 (Local Magnitude) (Section 3.2.5.2). 

'The Paradox Bailin has been classified as a seismic risk zone 1,:relitively low seismic 
risk (Algermissen, 1969, p. 26) and an area for which the expected peak horizontal ground 
acceleration is less than a- 0.04 gravity with 10 percent probability-that the - value will be 
exceeded in 50 years (Algermissen and Perkins, 1976, p. 23). However, these conclusions are 
based on a historical seismicity record that has limited value by itself. Using the available 
seismic, geologic, and tectonic data to analyze the possible seismogenic structures'within the 
Paradox Basin (including the Colorado Lineament), a maximum acceleration value'can be esti-
mated for the Davis Canyon site. The analysis for the site'is conservative - by assuming the 
maximum earthquake can occur on the closest'significant geologic structure. Using a peak-
acceleration relationship for north-central-Utah (Campbell, 1982, p.- 370); a peek horizontal 
acceleration of 0.18 gravity is estimated for an ML 6.5 earthquake occurring on the south Shay 
Graben fault at a distance of 16 . kilometers [10 miles); which is the closest distance to the 
repository operations area. Other v more distant seismogenic features such as the seismicity 
cluster along the Colorado'River need not"be analyzed at this time, because their potential 
effects are overshadowed by the conservative case adopted. -  This value may be slightly low for 
the Paradox Basin beciuse attenuation may be slightly greater it north-central Utah than4n 
the Colorado Plateau.,'Another.reletionship, not geographically specific, preiented in. Donovan 
(1982), suggests a mean peak value of 'approximately 0.25 gravity. These estimates indicate 
the general level of peak accelerations to be expected at the site. Analysis in more detail 
would be required to specify seismic design criteria. 

Continuous temperature logging of borehole CD-1 was performed by MCC during the drilling 
phase and by the USES in 1981 end 1982. The two logs cpllected by the USGS were almost 
identical, indicating that the well had reached thermal equilibrium (Sass et al., 1983). 
Using the USCS data for CD-1, thetemperature at the• repository depth -  (914 meters 
[3,000 feet]) in Davis Canyon is estimated to be 34 C (94 FL Thermal gradients determined 
from CD-1 showed a strong dependence on lithology. For the Elephant Canyon Formation (183 to 
381 meters [600 to 1,250 feet]), the temperature gradient was 23.49 C per kilometer (119.54 F 
per mile); the Honaker Trail Formation (427 to 869 meters [1,401 to 2,851 feet]) was 21.77 C 
per kilometer (114.56 F per mile); the Paradox Formation (945 to 1,600 meters [3,100 to. 
5,249 feet]) was 13.04 AC-per kilometer (89.27 F per mile); and the Leadville Formation 
(1,798 to 1,922 meters [5,899 feet to 6,306 feet]) was 17.15 C per kilometer (101.17 P per ' 
mile) Sass et al., 1983). These'results are consistent with the observations by -Bodell and 
Chapman11982) for the north-central Colorado Plateau, where gradients from 25 drill holes 
varied between 10 C per kilometer (80.46 ,F per mile) and 37:C per kilometer (158.67 F per 
mile), with a mean gradient of 19 C per:kilometer (106.53 F per mile). The USCS determined a 
mean heat-flow value Of 66, plus or -minus 3 milliiatts per square meter 'for CD-1. This is 
consistent with a value of 65 -milliwatts per square meter determined for a drillhole north of 
Shafer Basin southwest of Moab, and an average value of 64 milliwatts per-square meter for the 
area of the salt anticlines near Moab (Bodell and Chapman, 1982). 

Assumptions and Data Uncertainties.  Deposits younger than approximately 180 million 
years old are absent from the site (except discontinuous late Quaternary terrestrial .. 
deposits), making a detailed interpretation of the Quaternary geologic history of the site 
difficult using only the stratigraphic record. Therefore, the assumption is made that the 
site geologic history is stealer to that observed in surrounding areas where a more complete 
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geologic record is available.: No 'structureswere discovered in the site Or area that were-. not 
consistent withthe geologic. history of the Paradox Basin as derived from regional studies, 
The geologic setting is taken to be the Paradox Basin, lying within the Colorado Plateau• as . 
shown in Figure 3-3. 

The historical Seismicity record, which.provides some. of the basis for earthquake hazard 
assessment,•is limited in several respects. :Much of the historical:record is incompletep-and 
some locations,otpastearthquakware inaccurate because of.the small and,sparselrdistrib-
uted population and inadequate - seismographic-coverage of the Paradox Basin and Colorado 
Plateau. The time:period of the record is also short relative to geologic.time. Because:more 
complete'historical-records in other regions_suggest seismicity can be episodic over long 
periods, a 130-year record may not be a good representation'ofthe actual long-term seismic 
potential within the Colorado Plateau.:. 	r: 

Microearthquake monitoring of the Paradox Basin indicates that the-seismicity has varied 
spatially and temporally during the past 6 years. Thus, caution must be used in drawing - con-.: 
clusions or extrapolating from the behavior of these-small magnitude events. 

Some tectonic processes suciras:broadscale'uplift,:subSidence, or folding occur at.rates 
that are too-slow.to affect preclosure'activities.:The.shortterm tectonic,phenomena,that 
occur on a timescale such that they could affect repository construction, operation, and 
closure are limited to fault rupturC(and,any,associated,uplift or subsidence), earthquakes, 
and volcanism.: If these events have-occurred in theAUaternary:Period, the evaluation assumes: 
they may recur; and estimates, are made of maximum events. 

Analysis. All tectonic data available:tordateiinditate that the site is located in a 
favorable tectonic environment for the:construction, - operation,and closure of a radioactive. 
waste repository. .SeiSmic risk appears to ,  be lowand,the,threat of volcanic eruptions is vir-
tually nonexistent. The estimated ground motion from a. maximum earthquake is' higher than 
design values for most U.S:nuclear power:plants(see favorable conditions), but several 
plants have been built to mitigateagainstmuch stronger - ground,motions. Consequently, no 
known tectonic hazards exist that, require unreasonable mitigation measures during the-
preclosure phase. 

6.3.3.4.2 Analysis of Favorable Condition. 

The nature and rates of faulting, if:any, within the geologic setting are 
Such that-the magnitude and intensity of the associated seismicity are::: 
significantly less than-those generally allowable for the construction and 
operation. of nuclear facilities 

Evaluation. This condition considers. the-relative cost of providing . .earthquake'resistint 
facilities. In general, itructurea can be engineered to withstand very high levels' of steak-: 
ing, but costs. become unreasonable as design levels increase: A review of design levels for 
nuclear power plant. sitei in the:United States indicates' that: about‘90 percent have been built 
for design levels of 0.2-gravity-or less: Therefore, the DOE- criterion is that a mean-value:, 
estimate for -peak acceleration ,  of 0.15 gravity, or less, is significantly less than generally 

iA conservative approach was taken to estimate the mean peak acceleration: In,this: 
case the approach assumed the maximuM earthquake, My 6.5, could occur on:Shay Craben,,which is  
the closest: significant structure inthe geologic. etting, the:Peradox Basin: The resulting 
estimate for the mean peak ground acceleration-is 0.25 gravity (Section. 6.3.1.7'.1) This .value 
exceeds-the : DOE criterion, and the favorable condition.is not present. However, 0.25 gravity.: 
is moderate compared,to design values used for several U.S.:nuclear power plants. 

The evidence indicates that the favorable condition is not present. 

6.3.3.4.3 Analysis of Potentially Adverse Conditions. '  

-• 

s 
(1) Evidence of active faulting within the geologic setting. 

) 
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Evaluation. Both Shay Graben and the Needles .  Fault zone (Sections 3.2.5.1) may be found 
to be-riTaNelaults," according to the definition of this term in .10 CFR: 960.2. These faults 
are in the geologic setting. 

The evidence indicates that the potentially adverse condition is present. 

(2) Historical earthquakes or past man-induced seismicity that, if either 
were to recur, could produce ground motion at the site in excess of 
reasonable design limits. 

Evaluation. The largest tectonic earthquake observed to date within the Paradox Basin 
had a magnitude of about My 3. Although not yet firmly established, induced seismicity may be 
occurring at one location lathe Paradox Basin, the Cane•Creek mine- at Potash. The largest 
earthquake observed there has been about My 3 (Section 3.2.5.2). In either case, an earth-
quake of this magnitude poses no serious design problems. The expected ground motions at the 
site from such earthquakes, or even larger, up to My 5, are moderate in comparison to design , 
levels for some other nuclear facilities. 

The evidence indicates that the potentially adverse condition is notpresent. 

(3) Evidence, based on correlations of earthquakes with tectonic,processes 
and features (e.g., faults) within the geologic setting, that the magni-
tude of earthquakes at the site during repository construction, operation, 
and closure may be larger than predicted,fram historical seismicity. 

Evaluation. Based on the existing seismicity record and current understanding of tec-
tonic character of the Paradox Basin, correlation of earthquakes with tectonic processes or 
specific faults in the geologic setting are not well defined. Hence for,the purposes of this 
evaluation the presence or absence of young (Quaternary Age) faulting within the geologic 
setting is used to assess whether or not the frequency of occurrence or magnitude of earth-
quakes may increase relative to the baseline provided by the historical seismicity record. 
The condition considers the likelihood• that earthquakes during the preclosureperiodual. be  
larger than those observed historically. Design earthquakes, which are unlikely and very low , 
probability, events, are considered under the favorable condition. The ,historical seismicity 
record over the past SO to 100 years is taken as the most likely representation of seismicity 
over the next 50 years, unless there is contrary evidence for likely,events from young 
faulting , in the geologic setting. In general, the observed seismicity in the geologic setting 
appears to be consistent with the setting's structural and tectonic character... Although there 
is a possibility that the south,Shay Graben fault may ,  be determined to,be an active fault and 
therefore capable of producing en earthquake larger than any historically observed, there is 
as yet no evidence for Holocene movement on the fault. None of the faults in the geologic 
setting is known to have moved in the Holocene (the past 10,000 years) (Section 3.2.5.1). 
Therefore, any movement on these faults in the next 50 years is judged to be unlikely. 

The evidence indicates that the potentially adverse condition is not present. 

6.3.3.4.4 Analysis of Disqualifying Condition. 
1:-. 

A site shall be disqualified if, based on the expected nature and rates . of 
fault movement or other ground motion, it is likely that engineering mea-
sures that are beyond reasonably available technology will be required,for 
exploratory-shaft construction or for repository construction, operation, 
or closure. r t 

Based on the preceding; discussion, three potential sources of ground motion are consid-
erect relevant to, this analysiS3 

Earthquakes-occurring inthe.geolagie setting (Ptradox-Basin),that are not 
directly associated with individual geologic structures 
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41 Earthquakes- that could occur as the result of movement on faults defined as 
"activel faults" in-10 CFR 960.2 (e.g., Shay Graben) 

• Seismicity induced by subsurface excavation. 

The information presenthd in Section 6.3.1.7 and analyses in Section 6.3.3.4.3 indicates 
that ground motion from these potential sources is not expected to be greater than that which 
can be accommodated by application of available engineering technology. 

The evidence does not support a finding that the site is disqUalified (Level 1). 

6.3.3.4.5 Conclusion for the Qualifying•Condition.  The favorable condition is not pre-
sent because the mean-value estimate for peak ground acceleration, 0.25 gravity, is greater 
than 0.15 gravity which•is taken as the value'"generally allowable" for construction. How-
ever, several United States nuclear facilities have been built for'design basis accelerations 
two or more times greater than the Davis Canyon estimate.' One of the three potentially 
adverse conditions is present. The requirements of the qualifying condition of this guideline 
are that current tectonic processes or events do not require the development and installation 
of expensive mitigation measures during'constructionloperation, and closure of the repos-
itory. The condition is met, because seismic hazard in the Paradox Basin is moderate, seismic 
design is not expected to result in unreasonable construction costs, and there is virtually no 
threat of igneous or volcanic activity. 

The evidence does not support g finding that the. site is not likely to meet the 
qualifying condition (Level 3). 

Table 6-15 summarizes the evaldations and findingsfor the preclosure Technical 
Guidelines requiring site characterization: 

6.3.4 Preclosure System Guidelines. 10 CFR 960.5-1(a)(3k 

The third preclosure System Guideline ii• ease 'and cost of 	construction, opera- 
tion, and closure. It is ranked lowest because it does not relate directly to the health, 
safety, and welfare of the public or the quality of the environment. Here the pertinent -ele-
ments are (1) the site characteristics that affect siting, construction, operation, and 
closure; (2) the' engineering, -materials, and services necessary to conduct these activities; 
(3) written agreements between , the DOE and affected States and affected Indian tribes and the' 
Federal regulations that establish the requirements foi these activities; and (4) the reposi 
tory personnel at the site during siting, construction, operation, or closure. 

-L 	r 

6.3.4.1 Statement of Qualifying Condition- 

Preclosdre•System Guideline 10 CFR 960.5-1(a)(3) defines the specific requirements for 
Ease and Cost of Siting, Construction, Operation and Closure  as follows: 

Repository siting, construction, operation, and closure shall be demonstrated to be 
technically feasible on the basis of reasonablY available technology, and the 
associated costs shall be demonstrated to be reasonable relative to other available 
and comparable siting options 

6.3.4.2 EvaIdition*Proeesi 

A complete and detailed evaluation of the preclosure System Guideline will be:performed 
when site characterization has been completed. For this environmental assessment, the avail-
able evidence has been used for a preliminary evaluation of the preclosure condiiiona at'the 
site and the impacts that these conditions have on the ease and cost of repository siting, 
construction, operation, and closure. The results ,  of this preliminary evaluation are used as 
the basis for a finding of whether or not the Ate is likely to meet the qualifying condition. 
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The siting guidelines list the following technical conditions as being pertinent to 
meeting the qualifying condition.of the preclosure System Guideline: 

• Surface characteristics of the site 
• Characteristics ofthe host rock and surrounding strata 
• 

 
Hydrology .  

• Tectonics. 

• Feasibility of the technical aspects of repository siting, construction, 
operation, and closure 

Reasonableness of the associated costs relative to other comparable siting 
options. 

6.3.4.2.1 Relevant Data.  Relevant information with respect :  to Davis Canyon ip discussed, 
under the following: 

Repository conceptual designs (Section 5.1) 

Geologic and hydrologic - conditions,(Sections 3.2 and 3.3) 

Site characterization activities (Section 4.1.1) 

Exploratory shaft design concepts (Section 4.1.2) 

Assessment of the Technical Guidelines pertinent to this preilosure System Guide-
line (Section 6.3.3). These are as follows: 

- 960.5-2-8 Surface Characterisiics 
- 960.5-24 Rock Characteristics 
- 960.5-2-10 Hydrology , 1  
- 960.5=2-11 Tectonics. 

r 
6.3.4.2.2 Assumptions and Data Uncertainty.  The level of siie-specific data presently 

available has only allowed the iterative engineering process to proceed from a feasibility 
level to a conceptual level of design. .pata from future•site characterization activities are 
required before site-specific designs for the construction, operation, and closure of a 
nuclear waste repository can be finalized. Data uncertainty relating to site characteristics 
is discussed as part of the evaluation of the pertinent Technical . Guidelines listed in Sec-
tions 6.3.4.1 and 6.3.4.2. However, the major assumptions, which are supported by preliminary 
site information, underlying the engineering work performed thus far, are as follows: 

1. Soil and rock conditions are adequate inr the building foundations and shaft 
sinking. 	f  

2 .; Ground-water inflow can be,controlled during shaft construction through the use AA 
conventional-shaft-sinking•techniqUes. 

3. Nongassy subsurface conditions have been assumed during subsurface operations; how-
ever, gassy mine conditions can be accommodated through the use of idditional design 
features .  

,Based on tile available site information and design work completed to date, preliminary 
cost estimates have been,developed .for.the repository described in Chapter 5. These.esiimates 
were developed as part of the DOE's innual evaluation of the adequacy of the one mill per 
kilowatt-hour; fee for disposal services,andllo not represent final cost estimites. liore 
definitive estimates will be completed ' when more detailed designs and site characterization. 
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of-principle desionetratIon' 

data become available.= Tbum, the evaluation approach of this preclOsure System Guideline 
includes a combination of qualitative'and quantitative - analyses. 

A determination of the applicable Federal, State,-and , localpermit- requirements for NWPA 
repository siting construction;" operation,` and decommitsioning-has - norbeen made. Therefore, 
they have not been specifically considered in the repository cost estimates. -Thestates do 
not appear to have identical permitting procedures; therefore, the possible dost.impact of 
these permitting procedure differences cannot be quantified. However, the repository con-
cepts, as well as their associated costa, do reflect anticipated'design requirements, which 
will be incorporated into the repository siting, construction, operation, and decommissioning' 
activities in order to-comply with the applicable environmental requirements. 

6.3.4.3 Analysis 

In order to reach a finding on the preclesure System Guideline, an evaluation was made in 
the context of the group of Technical Guidelines and the available evidence related to the 
System Guideline. Since the preclosure System Guideline does not have a disqualifying condi-
tion, the basis for the evaluation is- the likelihood - of meeting the qualifying condition for 
this guideline. 

Three of the pertinent Technical Guidelines (Rock Characteristics, Hydrology, and 
Tectonics) have a disqualifying condition. These disqualifying conditions have been examined 
in Sections 6.2 and 6.3 and a-conclusion was reached that the available evidence did not sup-
port a finding that the site was disqualified. In addition, all four of the relevant Tech-
nical Guidelines have a qualifying Condition. These qualifying conditions have been examined 
in Sections 6.2 and 6.3 and a conclusion was reached that the , available evidence does not sup-
port a finding that the site is not likely to meet the qualifying condition. Table 6-16 is a 
summary of the findings of the Technical Guidelines that are relevant to the preclosure System 
Guideline. This table includes a'summery discussion of the favorable and potentially adverse 
conditions for the pertinent Technical Guidelines. The results of this table provide a rea-
sonable basis for determining the technical feasibility and reasonableness of the associated 
costs for repository siting, construction, operation, and decommissioning. The discussion of 
retrievability in Chapter 5 shows that the retrievability is believed to be reasonably accom -
plished. A possible retrieval method includes performing the following steps: 

• Reexcavation of drifts can be initiated after locating the drifts using in situ 
markers 

• Reexcavation ofthe'drifts. This will require i'proof 
prior to , license application: 

Locating the waste .  packages using magnetometers and otherdetectors 

• Cvercering the salt surrounding the waste package with conventional drilling 
equipment,, and removal of the core and salt. 

Other methods will be considered prior to selecting a design concept. 

'Altheugilithe Hyetem Guideline dbes *-not directly address retrievability, it'is believed 
that retrievability is or will be shown to be technically feasible with available technology. 

6.3.4.4 Conn/natal: 	' 
• 

Prior repository feasibility designs, together with continuing conceptual design efforts, 
provide 4 basis for stating what currently exists in order to design, construct, safely oper-
ate, and eventually_ decommission the -structures, iystems, equipment, and cOmponenti; if'the 
nuclear waste repository were to be constructed at thii site., In addition, these engineering 
design effOrti have not identified any issuei . that ibuld prevent repository iiting'construc-: 
tion, operation, and 	to be in Compliance with the applicable Federal, State, "ancFloial .  
regulitions:' 	- 	- 
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Rock Characteristics 
960.5-2-9 

• 

Table 6-16. Preclosure System Guideline Requiring Site Characterization - Ease and Cost of Construction, 
Operation, and Cl 	 - Davis Canyon Site 

System Guideline 960.5-1(a)(3) 
Ease and Cost of Construction, Operation, 	Associated Technical 

and Cl 	Guidelines 
	

Assessment Results 
	

Finding 

The evidence does not support a finding 
that the site is not likely to meet the 
qualifying conditrii (Level 3). 

Surface Characteristics 	The Paradox Basin in the gen 
960.5 -2-8 	eral and proposed site area is 

noted for steep canyons and 
rugged terrain. The terrain 
at the surface facility is 
relatively flat; however, the 
access road and railroad will 
be constructed on rugged ter- 
rain. These topographical con-
ditions are expected to make 
the construction of the access 
road and railroad more expen-
sive and more difficult than 
for sites with low relief. 
Because of rugged topography, 
the site area is well drained. 
The probable maximum flood- 
plain crosses a portion of the 
site. Mitigation of flood 
plain activities'has not been 
fully evaluated. There ,  are 
no surface-eater impoundment* 
whose failures could flood 
the surface•facilities. 

The Davis Canyon site has host 
rock thetis sufficiently, 
thick and laterally extensive 
for an underground facility. 
There are no characteristics 
or conditions of the host rock-
that will require engineering 
measures beyond the state -of - 
the -art in subsurface con-
struction. Occasional rock 
bolting will be the only 
artificial support required 
for , the subsurface openings. 
Periodic scaling will be 
required to maintain adequate 
clearances for equipment. 

Qualifying Condition: 

Ease and Cost of Construction, Operation,  
and Closure. The technical aspects of 
— c-TirEcM7resp 	construction, operation, and 
closure shall be demonstrated to be 
feasible on the basis of reasonably 
available technology, and the associated 
costs shall be demonstrated to be 
reasonable relative to other available and 
comparable siting options. 



'Table 6-16. Preclosurs System Guideline Requiring Site Chareeterisition .- Use and Cost of Construction, 
Operation, and Closure - Davis Canyon Sits  

(Page 2 of 3) 

System Guideline 960.3-1(a)(3) 
Ease and Cost of Construction, Operation, 	Associated Technical 

and Closure 	Guidelines 
	

Assessment Results 
	

Finding 

Salt creep at this site
. 
 iwnot 

expected to pose any unusual 
hazards to personal. Some 
difficulty is expected:if the 
waste'canisters 'mast be 
retrieved after the emplace-
ment rooms :are backfilled. 
•Creep closure otsalt_ geinst 
the canister will'result in'the 
buildup of stresses that.will 
1104 it difficult - to retrieve 
Wastes. .Brine"pockete nay"also 
be - present in the host rock, 

cn 	 but Precautions can be taken to 
N 	 minimise hasirds to personnel. 

kepository ,construction, 
operation, and closure . are not 
expected to present hazards`. 
that cannot:be nitigetedby 
currently available measures' 
or practices. 

Hydrology 	The surface...Water and ground 
960.3-2-10 	water systems are compatible' 

with activitiee'required,Tor 
repositOcrconstruction, 
operation and closure.' The 
Elephant Canyon Formation is 
a low-yield aquifer located - 
betweenthe host rock and land 
surface. Flooding studies 
indicate that-a potential for 
flooding exists at the site. 
These conditions are not 
expected to compromise the 
functions or safety of the 
repositoryveince inflows to 
shafts are within standard 
•engineering practices and the 
-potential for flooding at the 

• 



site can be mitigated. Rate* 
requirements for repository 
construction, operation, and 
closure are expected to be met.' 
Engineering measures that will 
be required to construct the 
repository are within  
currently available technology. 

Current tectonic processes or 
events do not require the 
development or installation of -
unreasonable mitigating:measures 
during repository construction, 
operation, and closure.. Two 
active fault tones are toasted 
within the -geologic setting; 
however, the available evidence 
indicates that projected levels 
of seismic activity are_within _ 
reasonable design limits. Ro 
tectonic processes are 
anticipated that would lead to 
unacceptable preclosure 
releases of tedionclides.' 

• 
Tectonics 
960.5-2-11 

Table 6-16. l'reclosure System Guideline Requiring Site Characterisation - Ease and Cost of Construction, 
Operation, and Closure - Davis Canyon Site 

(Page 9 of 3) 

- System Guideline 960.5-1(a)(3) 
Easelind cost of Construction, Operation, 	Associated Technical 

and Closure 	Guidelines Annement Resifts 	Finding 
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The estimated total life-cycle cost for a repository_ located in either bedded or dome 
salt is $8.5 billion (1984 dollars). This includes costs for development and evaluation 
($1.8 billion), construction ($1p6 billion), operation ($4.9 billion), and decommissioning 
($0.2 billion). The development and evaluation estimate includes costs for site characteri- 
zation, repository conceptual and license application design, and technology development. The 
construction estimate includes costs for repository final procurement andiconstruction design 
and the construction of all surface facilities.and a limited number of underground waste 
disposal rooms and corridors. The operations estimate includes costs ror.the construction of 
the remainder of the underground facilities, the emplacement of the waste underground, and 
caretaker and backfilling activities. The decommissioning estimate includes costs for shaft 
sealing and the decontamination and dismantling of the surface facilities; These costs are 
discussed further in Chapter 7.4. 

The evidence does not suppOrt a finding that the site is not likely to meet the 
qualifying condition (Level 3). - ' 

6.3.5 Conclusion Regarding the Suitability of the Site for Site Characterization 

On the basis of the findings stated in the above discussion of individual guidelines and 
made in accordance with Appendix III of the.siting guidelines, it is concluded that the'evi-
dence does not support a finding that the aite.ip disgialified v and.does in support a finding 
that the site is not  likely to Meet the quidifying conditions. Therefore it is concluded 
that the Davis Canyon site is suitable for site Characterization., - 

6.4 PERFORMANCE ASSESSMENTS 

This section contains preclosure and postclOsure modeling assessments in support of other 
sections of Chapter 6. Contents of this,performance assessment section areas follows:, 

6.4.1 Preclosure Radiological Assessment for Davis Canyon 
6.4.1.1 Guideline Requirements 
6.4.1.2 10 CFR Part 20 Calculation 
6.4.1.3 40 CFI Part 191 Calculation 
6.4.1.4 Accident Calculations 

6.4.2 Preliminary Postclosure Performance Assessment 
6.4.2.1 Scope and Objective 
6.4.2.2 Subsystem Descriptions 
6.4.2.3 Preliminary Subsystem Performance Assessment 
6.4.2.4 Preliminary System Performance Assessment 
6.4.2.5 Comparison With Regulatory Criteria 
6.4.2.6 Effects of Potentially Disruptive Events and Processes . 
6.4.2.7 Conclusions 

6.4.1 Preclosure Radiological Assessment for Davis Canyon 

The purpose of this section is to provide evaluations of the preclosure Waite radiolog-
ical conditions which are required for the Davis Canyon Environmental Assessment (EA). Avail-
able data are not sufficient to differentiate between'the two potential locations in Utah on 
the basis of existing regulations. Therefore, the following discussion can be applied to 
either or both Davis or Lavender Canyons. Details of all data, methods, and results are given 
in Waite et al. (1985, BMI/ONWI-541, Rev. 1). Because of the conservative assumptions made in 
the analyses, actual repository performance is likely to prove better than documented in this 
section. 

6.4.1.1 Guideline Requirements 

The radiological protection requirements pertineitto this diseussion are fOund in 10 CFR 
Part 60 which deferi to 10 CFR Part 20 and 40 CFR Pa.rt 191, 10 CFR Part 20 cover i both 
occupational and offsite radiolOgical safety requirements. 
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-Occupational radiation exposure to repository workers has been considered. 10 CFR 
Part 20 establishes standards which limit the:expokure of workers to radiation. The nuclear 
industry has had experience in maintaining worker:doses below these NRC limits. -  Both engi-
neering controls and radiation - protection practicei are commonplace in the industry. Also, 
specific studiet on repository_Worker.exposures'have been done. : These include Kaiser 
Engineers, 1978; Stearns-Rogers, 1979; DOE, 1980, DOE/EIS-0046FIEechtel Group, Inc., 1981, 
ONWI-258, Vols. I-V. All of these studies report that repository worker exposures can be kept 
below regulatory requirements. Although there is a large data base in this area, a more 
detailed repository design is needed before a rigorous quantitative evaluation of occupational 
exposures can be performed.This evaluation will be presented in the Environmental Impact 
Statement for therepository4: 

There are two offsite requirements - that:are applicable.. - These reqUirements cover:both 
offsite radionuclide concentrations and doses. The standards that must be satisfied if the 
NRC is to grant a license are the following: 

1. The applicant mutt demonstrate that-the proposed operations - are.notlikely to cause 
any individual (maximum exposed individualYto,receivea.dose to.the-whole :body in'. 

- any-period of One-calendar year in excesuof•0.5.rem (10 CFR Part 20.105(4).-• 

2. The licensee must not-posies', use v ottransfer licensed Material AO as to.release 
to - an unrestricted area radioactive material in zoncentrationethat exceedthe 
limits specified in Appendix "B," Table II (Maximum Permissible Concentration Table 
for Unrestricted Areas) (10 CFR 20.103(a]). 

• 
Section 40 CFR 191.03(a) requires that the combined annual dose equivalent to any. member 

of the public (maximum. exposed individual) due to operations covered.by-40:CFR Part190 and to 
direct radiation and planned discharges of radioactive materials covered by this subpart shall 
not exceed 25 millirem to the whole body, 75 millirem to the thyroid, and 25 millirem to any 
other organ. 40.CFR 191.03(b) and 191.04. allow for-less stringent requirements in some cases. 
Howevervthe.40 CFR191.-03(a) requirements are more restrictivethan.these,and the 10. CFR 
Part 20 requirements-end are used in these analyses. 	•;. 

In summary, the comparisons required by the guidelines include the 10 CFR Part 20 concen-
tration limitsend the .40OFR Part 191 (maximum exposed individual) dose-limits. -  Toiend 
further insight into the radiological:impacts-of:the presence 'of a high-level nuclear waste 
repository at a specific location, the population doses:associated with the 40 CFR Part 190 
analyses and accident doses have also been,included-at the end-of:this discussion. The 10 CFR 
Part .20 analysis is, presented first. 

:.t . : 

The phases: fthe.repository.:that arenpecifitally addressed.here are construction-and : -
operation. The closure phase, the analysis of which is also required by the guidelines, is 
not addressed explicitly because documentation of all previous decommissioning studies 
indicatetthat:the:radioactive emissions.during-decommissioning.can be controlled to levels 
far below those-during the operational .period.(BPIU., - .1979, DOE/ET-0028, 	- 11)..:-For • 
instancevit,has.beenestimatedi(Smith 1978, MUREG/CR-0130)that.duringthe'complete-• 
dismantling offe.1,175.megawatt - (electrin).pressurized water-reactor (PWR)only,85.microcuries 
of radioactive , materials wouldlie released-to thefenvironment.... 7. 

- Even though there is a difference between ::a reactor and a repository, the reactor analogy 
appears to be appropriate ,in.providing a-reasonable estimate of the, upper bound for potential 
repository impacts, since release valuesare ,expected to be much smaller in the case of,the 
repository. This is partially because there will be less residual mobile contamination at a 
repository than at a power.reactor.' - 	-  

6.4.1.2 10 CFR Part 20 Calculation 

According 	of 10 CFR Part - 20,,the sum of.ratiosnf-thefindividual; . 
maximum radionuclide concentrations to maximum-permissible concentrations (MPC).in the- 
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unrestricted area must be compared to unity. A result less than one demonstrates compliance. 
The information required for this calculation includes the following: - 

• The release rate of each radionuclide 

• The atmospheric dispersion characteristics of the site under worst case. 
meteorological conditions 

• The point of maximum radionuclide concentration in the unrestricted area. 

The radionuclides expected to be released during construction and operation are shown in 
Tables 6-17 and 6-18, respectively. During the excavation of salt from the repository vault, 
it is expected that the release of naturally occurring radionuclides contained in the salt 
will be enhanced. The main radionuclides of interest here are radon (Rn-222) and thoron 
(Rn-220), and their progeny. 

During the routine operation of the repository, releases originating from the disassembly 
of the spent fuel elements are expected. The disassembly process consists of removing the end 
fittings and spacers from the assembly so that the individual rods may be placed in canisters 
in a geometrically efficient manner. Based on a study by the Nuclear Assurance Corporation, 
(1981), a damage rate for fuel cladding during the disassembly operation has been established. 
The four radionuclides listed in Table'6-18, H-3, C-14, Kr-85, and 1-129, represent the vola-
tile fission gases that will be released in the event of cladding damage. The actual release 
values were calculated as follows: 

1. A damage fraction of 0.005 was established. This is based on the conservative 
,assumption that 1.0 percent of the rods stick within the assembly: It is also 
assumed that 50 percent of the stuck rods are damaged as they are forced out of, the 
assembly. 

2. The number of damaged rods: that can be expected in one year is calculated by multi-
plying the number of rods received per year by the damage fraction. The maximum 
annual release is calculated based on the maximum number of rods'expected in one 
year. The average annual release is based on an average annual rod receipt rate. 

3. The amounts released are determined by multiplying the number of damaged rods, 
either maximum or average, by the, emission from the damage of one rod. 

The values listed in Table 6-18 are based only on the receipt of spent fuel as a waste 
form. While other designs call for the receipt of vitrified waste, the assumption of 100 per-
cent spent fuel as the waste form bounds the release. This is the case since there are no 
routine operational releases associated with vitrified wastes because of the absence of the 
volatile radionuclides. 

It can be assumed that the emission rate of construction related radionuclides will con-
tinue relatively unchanged during the operational period because mining will also continue. 
Therefore, if only spent fuel is being handled, the total operational release is the sum of 
the "construction" and "operation" source terms. If only high-level waste is being handled, 
then the total "operational" release is that represented by the "construction" source terms. 

Dispersion values are applied to the radionuclide emission rates to factor in atmospheric 
dilution, resulting in concentrations of the released material. The maximum concentrations 
will occur at the point of the maximum XhQ value. For the purposes of this calculation, 
worst-case meteorology was assumed since these values will yield the greatest concentrations. 
These assumptions include a Pasquill stability class of F and a wind speed of 1 meter 
(3.3 feet) per second. 

Results were given in Table 6-20. The maximum concentrations occur at 5,000 meters 
(16,404 feet) from the site.`' This point is where thA maximum sum of concentrations to MPC 
ratios occurs. The sum at this point is 0.05. Thus, the repository facility combined 

6-208 

7 	rs: So 61 



Table 6-17. Construction Radionuclide FmissiOni 

Radionuclide.: 

En-222 
Po-218 
Pb-214 
Bi-214 
Po-214 
Ph-210 
B1-210 

-Po-210 
En-220 
Po-216 
Pb-212 
B1-212 
Po-212 
T1-208 

Annual:Release 
Curies  

2.9 x 10-4  
2.9 x 10-4  
2.9 
2.9 x 10-4  
2.9 x 10-4  
2.9 x 10-4  
2.9 x 10-4  
2.9 x 10-4 - 
.2.1 x-10-4  
2.2 x 

71.2 x 10-4  
-. 2:2 x.10-4 :- .  
1:4.x 10'4 
7.8 m 10-5. 

Release Rate 
Ci/sec 

9.2 x 10-12  
9.2 x .10712 
9.2 x.10-12  
9.2 . x 10-12 
9.2 x.10-12  C. 
9.2 x 10-12  
9.2 x 10-12  
9.2 x 10-12 
7.0 x 10-12 
▪ x urn 
▪ le2.2  
7:0x 10-12  

x 10-12  
2.5 x 10712 : 

Note:: Impacts from these releases do not depend'uponithe 
timing of•the releases, so no schedule .of miningsis 
'provided.. 

Source: Waite et al., 1985, BMI/ONWI-541. Rev. 1. 

• 

: 

, 
Table 6-18. Operational •Radionuclide'Emissions 

Annual Average 	Maximum Annual 
Radionuclide 
	

Release, Curies 	Release, Curies 

H-3 3.2 x 10+ 1   5.6 x 10+1  
C-14 2.6 x 10-,1  -:4.4 x 10-1 : 
Kr-85 1.9 i .10+4  z 10+4  

3.2 x .1072  

L 	- 

Source: Waite et 	1985,:BMI/OEWI-541, - ReV.'1.. 

• - 

c 
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releases during the operational phase are only 5 percent of the NRC limit. This analysis was 
done only for the operational phase, since the releases during that time would be always 
greater than during the construction phase. Table 6-1 .9 also shows that krypton-85 is the only 
radionuclide that contributes significantly to the sum. The radionuclides polonium-218, 
polonium-214, polonium-216, and polonium-212 were excluded from the calculation because of 
their short half-lives. They will decay before they reach the unrestricted area. 

6.4.1.3 40 CFR Part 191 Calculation 

This calculation must,bedone for all potential exposure pathways (submersion, inhala-
tion, and food chains) at the geographical location which potentially yields the maximum dose 
available to an individual. An individual at the point of maximum_ radionuclide concentration 
is assumed to be the maximum exposed individual. 

The radionuclide release rates are the same , for this calculation as those shown in 
Tables 6-17 and 6-18. However, in contrast to the 10 CFR Part 20 calculation, annual average 
meteorological characteristics were used to calculate the radionuclide concentrations used in 
dose assessments (Table 6-19). 

Anticipating that the micrometeorological characteristics of this site will be important 
and that the regional nature of the Paradox environmental characterization report (BGI, 1982, 
ONWI-144) does not adequately, reflect these characteristics, the stability for the Paradox was 
conservatively classified as F.with a 1-meter per second (2.24 miles per second) average wind 
speed. These assumptions result in the least atmospheric dispersion and, therefore, the 
greatest concentrations. In this atmospheric stability classification system, classification 
A reflects extremely unstable conditions; B, moderately unstable conditions; Cp'slightly 
unstable conditions; D, neutral conditions; E, slightly stable conditions; and F, moderately 
stable conditions. These data were used to calculate the radionuclide concentrations, and the 
appropriate dose calculations were made using these concentrations. Site-specific 
agricultural data (Utah Crop.and Livestock Reporting Service, 1978) were used for ingestion 
calculations; site-independent dose factors were used in the submersion (Kocher, 1983) and 
inhalation (ICRP, 1982) calculations.• Following examination of the doses to individual organs 
to ensure compliance with applicable regulations, methods recommended by ICRP (1977) were used 
to combine doses to different organs into the results shown.in  Table 6-20. Details of this 
process are to be found in Section 3.2 of Waite et al. (1985, BMI/ONWI-541, Rev. 1). 

Although they are not called for in the guidelines, the population doses for the con-
struction and operational phases of the repository are also shown in Table 6-20 because they 
provide insight into site differences. For these calculations, site-specific demographic data 
detailed in Waite et al. (1985, BMI/ONWI-541, Rev. 1) were used. The population dose results 
are shown in units of man-millirem. There are no regulatory limits to which these can be 
compared. The doses, however, are orders of magnitude below natural background levels. 

6.4.1.4 Accident Calculations 

Studies of waste handling operations in a repository were performed in conjunction with 
the preparation of the programmatic Final Environmental Impact Statement (FEIS) (DOE, 1980, 
DOE/EIS-0046F, Vol. 1, - p. 164) (Took et al., 1984, BMI/ONWI-551) to identify potential 
accidents in the handling of the waste and to estimate radionuclides that might be released. 
Based on these studies, with their inherent level of detail from very earl:y designs, it was 
envisioned that these accidents defined the set of potential scenarios and source terms. 
Also, every effort has been made to pursue' a conservative approach to the analysis of impacts 
of these selected accidents. Any contention, that the analyses are complete must await future 
improvements in definitions of repository designs and activities. Many of the assumptions and 
bases for these analyses were taken from Waite et al. (1985, BMI/ONWI-541, Rev. 1). Since the 
facility design (Section 5.1) being used for impact assessments for this Environmental 
Assessment (EA) embodies the same basic fuel handling operations, the same accidental events 
developed for the Generic Environmental Impact Statekent (GEIS) were used. 



Table 6-19. Comparison of Calculated Radionuclide Emissions with 
10 CFR Part 20 Maximum Permissible Concentrations (MPC) 

Concentration* 
Ci/cm3  

MPC 
Ciicm3  

Conc. 
MPC 

. 1.8x1071: -.: 

1.8x10-15  

1.8x10-15  

3x10-9  

3x10-6  
_._  

3x10-6. 
 

6x10-7  

6x10-19  

6xie19- ' c 	: 

1.8x10-15  J410-12,: ,  - ,.3i10-4 ,_: 

1.8x10-15  2x10-19  9x1076' 

1.8x10-15  - 2x10-11  9i10-5  7  

1.440-15  1:10-9  1x10-7  

1.4x10-15  6x10-19  2x10-6  

1.4x10-15  3x10-9  5x10-7  

5.5x10-15  '3i10-6 	'' ' 12x10-9 ' 

2.2x10-11  2x10-7  lxlirk::: 

1.9x10-13  1x10-6  2x10-7.  

.-1.3x1079. ,-.3x1077_ , 5x1071. 

.:2.2x10-14 - 2x10-1 1  , lx1073 

Emission Rate 
Radionuclide 	Ci/Sec 

Rn-222 	9.2x106  

Pb-214 	9.2x10-6  

Bi-214 	9.2:101' 

Pb-210 	9.2x10-6  

11-210 	9.2'10-6  

Po-210 ' 	9.2x10-6  

Rn-220 	7.0x10-6  

Pb-212 	7.0x10-6  

11-212 	7.0210-  

T1-208 	2.5x10-6  

R-3 	1.7 

C-14 - 	1.4x18"2  

Kr-85 	4.0x10+3  

1-129 , 	1:7x10-3  

Total It 	:5Z1072. 

•••1 , -• 	 '07.40 . 	• 
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Table 6-20. Dose Comparison Davis Canyon 

Construction 

Maximum Exposed Individual  

Annual dose(a) 
50-year , 	commitment 

Population 	. 

50-year dose commitment 

1.3 mrem 
1.2 x 10 mrem 

2.2x 104  man-mrem 

Operation 

Maximum Exposed Individual  

Annual dose(a) 
50-year dose commitment 

Population  

50-year dose commitment 

1.8 mrem 
6.1, x 10 mrem 

2.5 x 105  man-mrem, 

(a) This value represents the annual apse from a one year exposure to the 
release. This result is the one that should be compared with the 25 mrem 
whole body dose limit. 
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Accidents analyzed consist of the followings 

I. Shaft Hoist Failure/Spent Fuel (SF). 

For this accident, shaft hoist failure is assumed while a waste package is 
being lowered into the mine for emplacement. Rupture upon impact is postulated with 
a fractional release of the radioactive content into the ventilation exhaist air 
stream. The release is assumed to occur over a 1 hour period. The waste package is 
assumed to hold spent fuel. This release is from ground level. 

II. Shaft Hoist Faiiure/CHLW. 

This is the same accidental event as I., but the waste package is assumed to 
hold commercial - high-liWel waste (CHLW). This releiie is from ground level. 

• 
III. Handling Accident, Receiving Area/SF. 

In this accident, a handling mishap is postulated in the receiving area. It is 
assumed that a cask used for transporting spent fuel to the repository and contain-
ing 12 pressurized water reactor (PWR) spent fuel assemblies is crushed by another 
cask dropped during handling. Release of a fraction of the radioactive inventory in 
the fuel (gases and particulates) into the receiving area is assumed. This release 
is from an elevated release , point. • - 

IV. Hoist Failure/Remote Handled TRU Waste. 

This is the same accidental event as I. and II., except that in this accident 
four canisters carrying three drums each of remote-handled transuranic waste are 
dropped down the mine shaft,and burst. Twenty percent of the material is assumed to 
be teleased from the drums. This release is from ground level. 

V. Handling Accident/Operations Area/Contact-Handled TRU Waste. 

In this accident, a handling accident is assumed to cause puncture of a drum 
containing contact-handled transuranic waste. Fractional release of the contents 
into the operations area is assumed. This release is from an elevated release 
points 	• 

These Atcident scenarios are believed to provide bounding conditiOnti i.e., results in an 
upper limit to the consequences that might be experienced from waste-handling accidents. 

The metebiologiCal conditions assumed were F stability class and 1 meter per second 
(2.24 miles per hour) wind speed (NRC, 1972; NRC 1974): This is a conservative approach 
since it portrays Very poor dispersion conditions, thus producing .a toast case analysis. The 
method for the dose assessment is the same as for the routine releases except for one 
significant Change. The exposure from the ingestion of contaminated food is , ignored. It is 
assumed that all foodstuffs grown in the area affected by the accidental release will be 
collected and examined for signs of contamination. Therefore, this pathway will be cut off. 
The radionuclide source terms are shown in Tables 6-21 through 6-25 (Waite et al., 1985, 
BMI/ONWI-541, Rev. 1). The maximum exposed individual is assumed to be at the point of 
maximum radionuclide concentration in the unrestricted area. For population doses, the 
assumption is made that the release is into the most populous sector surrounding the release 
point. The 50-yeir dose commitment results are shown in Table 6-26. There are no regulatory 
limits to which these results can be compared. 

6.4.2 treliminary Postclosure Performance Assessment  

In this section, a postclosure preliminary performance assessment is made for each of the 
three major subsystems of the Davis Canyon wastS-d1sposai sYstemt the waste package, the 
engineered-barrier subsystem, and the geologic Subsystem. 
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(a) The'release- is 3 aisumed to occur , over••a one,.hour 
tithe-period. 

Table 6-21. - Release from Shaft Drop of CHLW-( 02. 

Radionuclide 	Release (Ci) 

Y-90 

Sr-90 

Ru-'106 

-48-125 

Cs-134 

Cs-137 

Ce-144 

Ru-154 . 

Pu-238 

Pu-239 

PU-240- 

Pu-241 

rs1,241 -  

Cm-244 

3.9 x 10-4  

3.9 x 10-4  

10-5  

4.8 10-6  

11.0:: 10-5  ' 

6.0 x'.10 4-  

2.0 . x 10-5 - 

5.6 x 10-7 

1.3 x 10-8  

5:2 x 10 8.  

6.4 x 10-5  

5.2 x'1076  
1 

4.4 z 10-5  

6-214 
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Table 6-22. Release from Shaft Drop of Spent Fuel(a) 

Radionuclide Release (Ci) 

H-3 9 . 

C-14 6. z 10-2  

Kr-85 6..z 10+3  

Sr-90 2. z 1074  

Y-90 2. z 1074  

1-129 9. z 1073  

Cs-137 2.3 z 1073  

Pu-238 6. z1076  

Pu-239 -  8:7 z 1077- ' 

Pu-240 1.4 z 1076 

Pu-241 - 2.1 z - 1074  

Am-241 4.8 z 1076  

Cm-244 2.7 z 1076  

(a) The release is assumed to occur over a one-hour time 
period. 
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Table 6-23. Release From Spent Fuel Handling Accident(a) 

Radionuclide . 

	 Release (Ci) 

H-3 
	

5.4 

C-14 
	

3.6 z 10-2  

Kr -85 
	

3.6 z 100  

1-129 
	

5.4 z 10-3  

(a) In this accident, the 12 PWR assemblies in a rail car cask are 
somewhat crushed in the receiving building by a second cask. 
Because of filtration, virtually all of the particulate is 
contained. However r the'gases are not totally filtered. It is 
assumed that 30 percent of the void gases in the pins would be 
released by the accident. 1  

71 
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Table 6-24. 	Release From Shaft Drop of Remote-Handled TRU Accident(a) 

Radionuclide Release (CO 

H-3 2.5. z 10-1 . 

C-14 	- 4.4 x 10-4  

Mn-54 8.1 x 10-8  

Co-60 .  1.6 z 10-6  

Ni-63 1.6 x 10-7  

Sr-90 1.2 x 10-8  

Nb-95 8.2 x 10-8  

Cs-137 '  1.9 x 10-8  

Pu-238 '  1.1 x 10-9:  

Pu-239 7.2 x 10-11  

Pu-240 i  1.5 z 10710  

Pu-241 	' r  3.6 z 10-8 ' .  

Am-241 1.4W 10718  

Cm-242 2.0 x 10-9 ' 

Cm-244 1.4: x 10-9  

(a) The only credible accidents that happen with the remote-handled TRU (some 
34,365 drums) are bounded in consequences by the shaft drop. In this 
accident, four canisters carrying three drums ea ch are assumed to be 
dropped into the mine shaft and burst. Some 20 percent of the material is 
assumed to be released from the drums. 

!7F 
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Table 6-25. Release From Contact-Handled TRU Puncture.Aocidentca) 

. 	_ 
Release (Ci) 

H-3 6.3 x 10-6  

C-14 1.6 x 10-10 -- 

Co-60 6.2 x 

Sr-90 9.2 x c10-1;,- 

Nb-95 1.1 z 10-11  

Ru-10V 2.8 x 10-10  

1-129 - 1.6 x 10-4,,  

Cs-134:- 1.8 x 10-12' 

Cs-137• 1.4 z 10-12.- 

Pu-238 , - 8.2 x 10-1 2' - 

10u-239.-- 5.4 x 10-12.. 

Pu-240i 1.1 x 10-12 

2.7 z 10-10 

(a) The most credible accident that can happen to contact-handled TRU is the 
7puncture-of the.drunrand subsequent releasd'oUthe - drues'Contents.. 
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Table 6-26. Adcidett Dose . Compariion DaviiTanyon 

Accident'Spent - Fiel -Drop  

Maximum Exposed Individual 
Population 

CITVV .Drop  

, Maximum Eiposed Individual 
4Opulation: 

71Remote-Handled TRU Drop 

Maximum Exposed Individual 
Population 

Spent Fuel HandlinR  

Maximum Exposed Individual 
POpulation:" -  

:'Contart•Eandled: TRU Puncture  

11iximuM Expoied Individual 
Populations 

50-Year Dose Commitment ,  

4.68 z 10+ 1  mrem 
1.64'x:10+2 man-mrem 

• 
2.74 mrem 	- 
9:63 man-mrem 

1.10Hz 107 mrem . 
1.09 x 10-2- man-mrem. 

3.98 z 10-2  mrem 
6.61 x 10+1 man-mrem 

2.07 x 1079 mrem.
3.44 .x 107.6 manmrem 

• 
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6.4.2.1 Scope and Objective 

The evaluation of the proposed Davis Canyon site with respect to 10 CFR Part 960, 
Subparts C and D, proirides part of the basis for site nomination. The guidelines specify that 
the evaluation be made using preliminary performance assessments to estimate the.likelihood of 
satisfying regulatory performance criteria contained in the NRC 10 CFR Part 60 regulation and 
the EPA 40 CFR Part 191. A preliminary performance assessment of the Davis Canyon site is 
presented in this section, and results, of the assessment are used in Section 6.3.2, post-
closure System Guideline, as part of the evaluation of the site. 

Because of current limitations otthe data base'and analytical methods, this preliminary 
assessment is not intended to demonstrate satisfaction of the postclosure System Guideline; 
Tether, it is intended.to supplement the evidence that will be used to establish Whither the 
Davis Canyon site' is suitable for site charaCterizatitn. A full performanctassesSment that 
will be used to demonstrate satisfaction of the postclOsure System Guideline is contingent 
upon and will follow site characterization. 

Section 6.4.2 is organized into various subsections. Section 6.4.2.2 'contains descrip7 
tions of the three major subsystems of the proposed Davis Canyon waste-disposal system; the 
waste package, the.engineered barrier subsystem, and the geologic subsystem4 - The individual 
performance of each of these major subsystems is evaluated in Section 6.4.2.3. The specific 
objectives of these evaluations are (1) to satisfy the need for preliminary performance . 
assessment of subsystems as specified in Subpart B of 10 CPR Part 960, and. (2 ) to establish 
the reference case system configuration to be used in the analysis:of Section 6.4.2.4. Sec-
tion 6.4.2.4 contains a preliminary assessment of total : system performance. In Sec- 
tion 6.4.2.5, subsystem and total system performance discussed in earlier sections are evalu-
ated in terms of the-applicable performance objectives of: 10 CFR Part 60 and 40 CFR Part 191. 
The objective of these•evaltations is to establish a rough measure of:undisturbedsystem 
performance that can be used as evidence in the overall site evaluation &brief discussion 
of system performance under disturbed conditions such as human intrusion and disruptive events 
is.provided in Section 6.4.2.6.. Conclusions are summarized in Section 6.4.2.7. 

6.4.2.1.1 Code.Status.  The status of various individual codes planned for performance . 
assessments for licensing is described in the performance assessment plan (0WW, 1984; 
BMI/ONWI-545). Codes used for preliminary performance assessments for the . statutory environ-
mental assessment described here are (1) a radionuclide inventory and source term code, 
ORIGEN-2; (2) a time-dependent thermal analysis code, TEMPV5; (3) a brine:migration code, 
BRINEMIG; (4) a nuclear radiation shielding analysis code, ANISN-W4,and (5) a waste package 
performance analysis code, WAPPA. The status of documentation, verification, and validation 
activities is variable for these codes and their use here does not suggest their use in future 
performance- assessments. The - stAtii of all except TiMPV5 itgiven in the petformanciaisess-
ment plan. TEMPV5 is a modified version of TEMP which is described in the performance assess-
ment plan. The major change of TEMP that was included in the TEMPV5 modification was to 
analytically include the important fact that the thermal conductivity of salt decreases with 
increasing temperatures. Additional details about each code are given in the appropriate 
following sections. 

6.4.2.2 Subsystem Descriptions 

For the purpose of these assessments, it is assumed that a repository at Davis Canyon . 
would be constructed in the. Paradox Formation, a 762- to 914-meter (2,500- to 3,000-fOOt) 
thick sequence of interbedded salt, anhydrite, shale, dolomite, and limestone. The repotitori 
would be located entirely within Cycle 6, a salt bed approximately 61 meters (200"feet) thick. 
The subsurface working areas of approximately 781 hectares (1,930 acres) would be located 
about 914 meters (3,000 feet) from the surface (Figure 5-6 and Table 5-1). Mined areas would 
occupy no more than 30 percent of the subsurface working areas. For this preliminary per-
formance assessment, it is assumed that the waste inventory will be.  10-year-old spent fuei. 
(SF) or commercial high-level waste (CHLW) after a barnup of 32,717 MWD per ton with inter-
mittent shutdowns representing 72,000 metric tons (79,366 tons) of heavy metal. The first 
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repository, as specified in the Nuclear Waste Policy Act (NWPA) of 1982 (42 USC Sec- 
tions 10101-10226), can contain up to 70,000 metric tons of heavy metal (MTHM) (77,110 tons) 
until a second repository becomes available. The 72,000 MTHM (79,366 tons) used in this 
repository concept is` conservatively high with respect to the NWPA interim limit for the first 
repository. The repository concept described in Chapter 5 included approximately 
36,000 metric tons (39,683 tons) of each and quantities of transuranic (TRU) and defense high-
level wastes (DELW). TRU and DHLW wastes_ do not generate significant quantities,of heat and 
will be emplaced in zones that do 'not have significant increase in temperature caused by 
dissipation of the heat from high-level.wastes. Thus, preliminary.performanie assessments of 
CHLW and SF may be performed independent of the presence of these Other-wastes. Performance 
assessments accompanying site characterization will include DELW"and TRU. I Performance 
assessments are performed for each of the SF and CHLW which bracket the expected performance 
of the'-repository concept, i.e., Case I with 100 percent SF; Case II with a00 'percent CHLW. 
Radionuclide inventory compositions obtained from ORIGEN-2 (Croff, 1980, ORNL-I5621) computer 
runs for SF from pressurized water reactors and CHLW are listeA in Table 6-27. 

. 	 - 
Functionally, the waste7disposal system, is made up of:three major- tiubsystems: (1) the 

waste package; (2) the Mined repository, including' additionalengineered barriers, if any; and 
(3) the geologic, including geohydrologic and geochemical setting of the site. Those parts of 
each of the three subsystems relevant topostclosure systems performance are described below. 

7 	 . 
6.4.2.2.1 Waste Package Subsystem. The waste package configuration that was analyzed is 

the borehole emplacement concept shown in Figure -6-4 which was designated Alternate II by 
Westinghouse Electrie Corp. (1983, ONWI-438, pp.-14, 10. Because theiwa4e package design is 
continuing, the finale design is not available, but restults should be'typical of what can be 
achieved. The 52-centimeter-diameter, 3.7-meter-long (21-inch-diameter, 12-foov-long) spent 
fuel waste form is made up of close-packed, disassembled, pressurized-water reactor fuel pins 
(SFPWR) from 10 pressurized water reactor (PWR) assemblies,4.614 (etetric tons,(5.086'tons) of 
heavy metal in a thin-walled canister. There will also be SF frpm boiling-water reactors 
(SFBWR) which will be emplaced, in a,repository. Radionuclide,  nyentory differences per unit 
weight of spent fuel (SF) are insignificant for the purposes of this'report. This analysis 
will consider only the SFPWR, which, when loaded in the Alternate II package design, generates 
more heat per package than SFBWR. . Thus, the analysis is conservative.•'-The commercial high-
level waste form (CELW)ls 76-68 boresilicate glass containing (Westsik at al., 1983, 
PNL-3172, p. 5) reprocessed,waste from 9.65 metric tons (10.63,tons):of heavy.metal'of nuclear 
fuel. The SFPWR canister is,surrounded by a 12-Centimeter7thiik (4.72=inch-thick) container 
wall of low-carbon steel. The CHLW package has 41,15-centimeter-thick (5.9-inch-thick) con= 
tainer,wall of the sameimaterial. The borehole is backfilted with ahOut 2 centimeters  
(.78 inch) of crushed salt around the package and up to the floor. The waste is assumed

, 
 to be 

emplaced 10 years after the fuel, is discharged from the reactor, with the CHLW package ini 
tialligenerating 9.5 kilowatts of heat and the SFPWR package generating 5.5 kilowatts 
(Jansen, 1985). The waste-package dimensions are giyen. injable 6728., As corrosion proceeds, 
oxide corrosion producti accumulate in the space previouily ocCuPied:by the steel overpack. 
This process is described in more detail in Section6.4.2.3. The canister is expected to last 
only a few:years after failure of the overpack. 'This analysis ignores containment that would 
be provided by_the canister. 

Enaineered Barrier Subsystem. ,The guidelines define the engineered-barrier 
system as the manmade components of a_disposal system designed to prevent the release of 
radionuclides from the underground facility or into the geOhydrUlogic setting. . [which] 
includes the radioactive waste from radioactive waste canisterai.materiala placed over and 
around such canisters, any other components of the Waste package`, and barriers used to seal 
penetrations in and-into the underground facility." At this time, the engineered barrier , 
means the Waste package in the discussion of.repositories in salt. Any -containment or sorp-
tion effecti provided by the'Crushed-silt hackfill in repository rooms (and around the waste 
packages) are ignored for the.PurpOse pf this performance assessment. -*literal descriptive 
information about the repository concept is given in -the following -paragraphs. Refer to 
Chapter '5 for more details. 
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1,000 yr 
CHLW _ _ 	SFPWR 

2,250 c) 	2,250 
24,200 	24,200 
0.542 	0.542 , 

9.43E-4 
232 
1,280 
19,500 
22,900 

‘' 71,400 
70,500 
2.19E + 7 
3.41E + 7 
9,240 
122,000- 

2.45E + 7 	6.27E + 7 
1.08E + 6 	1.-088;+6 .  
2.16E-9 	2.17E-9 
9,220 	9,230 

98,000(c) 	9.8,000 
28,900 	28,900 
0.188 	0,188 
930,000 	931,000 
54,909 , 	55,000 

1.53E-5 
152 
6.42 
104 
1 . 14 
42,000' 
9,860 
143,000 
396,000 
9,240 
643 

Table. 6-27. Radionuclide Inventories( 8) in 72,000.101114.of SFPWR and the Equivalent of 72,000 
MTHW'of CULW at Various Times After Emplacement 

N 

Nuclide 
Half-Life, 
:yr 

0 yr 
Inventory,.Ci 

200 yr 
SFPWR CILLW SFPWR 

C-14 5,730 111,000 111,000(c) 108,000 108,000(c) 
Se-79 65,000 29,200 	- 29,200 29,100 29,100 
Sr-90 28.9 4.09E 4 9(b) 4.09E + 9 3.50E +.7 3.50E:+ 7 
• c-99 213,000 .  933,000 934,000 932,000 933,000 
Sn-126 100,000 55,309 55,300 55,209 55,300 
1-129 1.60E + 7 2,250c) 2,250 2,250kc) 2,250 
Cs-135 2:308 + 6 24,200 24,200 24,200 24,200 
Cs-137- - 30.2 	- 5.87E-4-9 	... 5.87E + 9 5.77E + 7 5.788 + 7 
Th-232 1.408+10 1.078-5 1.07E-5 1.16E-5 -1.93E-4 	- 
U-233 , 159,000 0.00976 1.96 22.7 28.5 
11-235 	-• 7.04E+8 6.29 6.31 1,260 
11-236 .2.34E+7 91..9 18,400 94.3 18,600 
U-238 ~ 	'4.47E .+ 9 114 22,900 114 22,900 
Np-237' • -2.14E 	6 22,400 22,400 29,100 38,400 
Pu.-238 87.7 8.16E + 5 1.63E +_8 354,000 3.38E + 7 
Pu-239 24,100 113,000 2.258 + 7 120,000 2.248 + 7' 
Pu-24O 6,540 188,000 3.778 + 7 431,000 3.128 + 7 
Pu-241 14.7 - 2.77E +:7 .  5.54E + 9 11,700 375,000 
Pu7242 376,000 609 122,000 629 122,000 
Am-241 432 1.2113 + 8 1.2111 + 8 8.83E + 7 2.26E.+ 8 
Am-243 _7,380 1.198 + 6 1.19E + 6 1.17E + 6 1.17E + 6 
Cm-244 -18.1 9.078 + 7 9.08E + 7 43,000 43,000 

' 	Cm-245 8,500 10,000 10,000 9,850 9,850 

Note: Apparent discrepancies may appear because of rounding to 3 significant figures. 

(a) - ORIGEN-2 computer runs made for SRPO data base - 32,717 megawatt days per metric ton burnup with 
intermittent shut downs (Jansen, 1985).  

(b) 4.09E + 9 4,090,000,000; 

(c) * ,This element is not in the OILii inventory. 
and stored separately: 	 , 

• .0,  

It would be separated in .the fuel reprocessing plant 
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Table 6-28. Uncorroded Waste Package Cross-Section Dimensions 

	

Inner 	Wall 	. Outer 	Diameter  

	

Radius, 	Thickness, 	Radius, 	Inner, 	Outer, 
Material 	--.- cm 	cm 	cm 	cm 	cm 

CHLW Borehole Uoncept. : Referenci Package 
.(0WWI-438;Table 1.2: page 14, designated Alternate II) 

Waste 0.00 	'26.73 	26.73 	' 	0.00 ; 

Canister (a )  26.73 	1.27 	28.00 	53.46 • 

Oxide 28.00 	. : 0.00 	28.00 	56.00 
1:7 

Air Cap .  28.00 	-1.50 	'29.'50 	56.00 

Container (b)  29.50 	15.00 	44.50 	59.00 ' 

Oxide 44.50 	em '  44.50  89.00 ' 

, Crushed Salt `44.50 	- 2.50 	-:47.00 	89.00 

53.46 

56.00 

56.00 

59.00 

89.00 

89.00 : 

94.00 

SFPWR Borehole Concept Reference Package 
(ONWI-438. Table 1.3. page 16, designated Alternate II)  

Waste 	0.00 - 	-:21:86 	27.86 	0.00 	55.73 

Canister(a ) 	27.86 	" 0.64 	4IB.50 	55 •-,74: 	57.00 

Oxide - 	28.50 	:,D.00 	- 28.50 	57.00 	57.00 

Air Cap 	28.50 	1.25 	 29.75 	57.00 	59.50 

Container(b)  i.29.75  41.75 	59.50 	: 	83.50 • 
-,_ 

Oxide 	41.75 	0.00 	-_ 	41.75 	83.50 	83.50; 

Crushed Salt 	41.75 	2.75 	' \44.50 	83.50 	' 	89.00i 

(a) 316 stainless steel. 
.(b) Low-carbon steel. 

Sources Westinghouse Electric Corp., 1983, ONWI-438. 
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Configuration of Emplaced Waste Package 

Source: Jansen, 1983 
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Waste packages are to be emplaced in single rows in the floor of each storage room as 
shown by Figure 6-5.- Repository-areal loadings at the time of emplacement of 15 and•30 watts 
per square meter for spent fuel and CHLW respectively were chosen. These areal loadings do 
not include areas associated with shafts, TRU rooms, etc. The area associated with each 
package is the area defined by the intersections of lines drawn midway between packages 
parallel to, and perpendicular to, the storage tunnels, which is equal in area to S z PL 
(Table 6-29). Tunnels are to be backfilled with crushed salt. 

For the purpose of this preliminary performance assessment, the engineered-barrier sub-
system boundary is the outside surface of each overpack of each waste package. Hypothetical 
nuclide releases from the engineered-barrier subsystem to the geologic subsystem are assumed 
to commence at the time of overpack failure and are assumed to be limited only by the quantity 
of each nuclide that would dissolve into the quantity of brine available (ignoring the con-
sumption of brine by chemical reaction with the overpack). Further details are given in 
Section 6.4.2.3. 

6.4.2.2.3 Geologic Subsystem.  The geological subsystem consists of three 
hydrostratigraphic units (HSU): 

1. Upper HSU is a freshwater aquifer system about 610 meters (2,000 feet) thick, Of 
Permian age sedimentary bedrock (shale, sandstone, limestone). 

2. Middle HSU, the Paradox Formation, is a 762- to 914-meter (2,500- to 3,000-fool) 
thick sequence of evaporite and carbonate bedrock, with more than 50 percent halite. 

3. rLower HSU is a Permian age, sedimentary bedrock (limestone, siltstone, sandstone), 
aquifer system approximately 152 to 305 meters (500 to 1,000 feet) thick. GroUnd 
water in the Lower HSU is under artesian pressure, and contains total dissolved 
solids ranging . in concentration from less than 10,000 parts per million to more than 
325,000 parts per million. 

In the middle Gibson Dome area, the head in the Upper HSU is generally higher than the Lower 
HSU by as much as several hundred feet. The head in the Middle HSU of Gibson Dome Test Well 
No. 1 was 750 meters (2,460 feet) above mean sea level, which is several thousand feet lower 
than the head at the Upper and Lower HOB at this location. Abnormally high pressures in the 
Middle HSU have been encountered at salt anticlines and other scattered sites in the study 
area. The host rock for the proposed repository is in the Middle HSU, Salt Cycle 6, a 
61-meter (200-foot) thick salt bed at a depth of 914 meters (3,000 feet) below the ground 
surface. The repository is separated from the Upper HSU, including the Elephant Canyon Forma-
tion (a fresh-water aquifer), and the Lower HSU, including the Leadville Limestone (a deep 
brine aquifer), by interbedded salt, shale, limestone, and dolomite. Ground-water movement 
through the bedrock in the study area is through primary and secondary openings in the 
bedrock. See Chapters 3 and 5 for more details. 

The expected performance of the geologic subsystem for a salt repository is approximated 
by considerations of (1) the migration of brine toward the heat sources provided by the waste 
packages, (2) the possible mobility of brine by diffusion away from waste packages after pack- . 

age failure with dissolved radionuclides, and (3) the flow of ground water toward the 
accessible environment with dissolved radionuclides if radioactivity has been encountered by 
the ground water for any reason. Sorption of radionuclides by salt is considered to be low 
and is ignored for this performance assessment. Sorption to varying degrees would occur in 
the ground-water system and will be considered in those cases, if any, where radioactivity has 
been encountered by ground water. The extent of the disturbed none and its impact on water 
travel times will be estimated. The contamination of major sources of ground water by radio-
activity will be estimated, as required by 40`CFR Part 191. Additional details concerning the 
processes and phenomena that impact radionuclide transport are given in Section 6.4.2.3. 
Additional details concerning the characteristics of the geologic subsystem are given in 
Chapter 3. 
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Form: 
7LoadinO) 
 100 

'Waste -  
PackageS90 - - 
per Room 

'iluMber (1))  
of:Waste 
•packages 

-10verpaei(a) :  
' Outer 

. Diameter (c) 01.040 , S(b;c) WPL(a c) 

SFPWR 

ati.w 

15 

30 1 

7, 899  

3,673 , 

0.835 

0.890 

18.3 

12.2 

20.1 

26.2 

3.85 
" 

T:68 

(a) WeatinghouseTE/earic Corp., 19830WW1-438. 
(b) MCW4lty, 1985. 
(c) Dimensions in meters '(m). 
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6.4.2.3 Preliminary Subsystem Performance 'Aesessmentj 

Analyses have assessed the.expected performance of the engineered and natural barriers in 
a nuclear waste repository in Davis Canyon. , When possible, results of these analyses have 
been compared to the NRC regulation and the EPA standardad These analyses have considered 
both commercial high-level waste (CHLW) and spent fuel from pressurized water reactors 
(SFPWR). 

Consideration of several interacting phenomena are required to assess the expected per-
formance of an engineered-barrier system in salt. These interactions are schematically 
depicted by Figure 6-6, which also indicatee the specific codei that are used for the analyses 
discussed in this- section. The WAPPA code (INTERA, 1983, ONWI-452) analyzes the interactions 
of several phenomena in addition to those shown in Figure 6-6.* Figure 6-6 shows that package 
boundary temperatures are calculated by TEMPV5 (McNulty, 1985); a thermal code, and brine flow 
rates are estimated using ERINEMIG (McCauley and Raines, 1985). These data are used for cal-
culation of corrosion and the other phenomena embodied in WAPPA. Package failure times and 
radionuclide source concentrations as calculated by WAPPA are compared with the NRC regula-
tions given in 10 CFR Part 60 and 40 CFR Part 191 standards for release to the accessible 
environment. If releases from the package are below 40 CFR Part 191 standards, then releases 
to the accessible environment are clearly below the standard. 'Radionuclide source concentra-
tions are also made available for radionuclide transport calculations, if needed. These 
preliminary analyses apply to a typical package located several packages away from the edge of 
the repository. Packages near the edge of a repository are subject to lower temperatures and 
smaller brine flow quantities and, consequently, should normally have longer life and lower 
releases of radionuclides. 

Section 6.4.2.3.1 discusses thermal conditions that the Davis Canyon repository will 
sustain after the emplacement of nuclear waste. Major factors that, affect temperature levels, 
in addition to the waste package loading and spacing, are in situ temperature and thermal con-
ductivity of the salt host rock. Section 6.4.2.3.2 shows that the in situ moisture content of 
bedded salt and thermal gradients and temperatures around a waste package lead to a small 
amount of brine migrating toward each waste package. 

Preliminary corrosion performance assessments in' Sectioi 6.4.2;3.3 show that the waste 
package is expected to last for longer than 10,000 years.' However,• even if an unexpected 
breaching of the waste package were to occur, Chambreet al. (1982) have found that the low 
solubility of container and overpack materials, such as iron, and of most nuclides, in addi-
tion to factors such as stagnant liquid films, and a4umulated corrosion layers remaining in 
space previously occupied by the metal in the waste package; will limit the nuclide release 
rate from the waste form. These factors, other than nuclide solubility, as discussed in the 
next paragraph, are not considered by this analysis. :Hence, these factors add to the con-
servatism of the calculations. These factors will be:the subject of study during site 
characterization. 

Since no specific engineered barriers beyond the waste package are included in this 
preliminary analysis, releases from the waste package' subsystem are compared to the 10 CFR 
Part 60 requirements. Hypothetical nuclide releases are assumed between 300 and 10,000 years. 
The releases are conservatively large because of the Omission of consideration of the factors 
discussed in the previous paragraphs', and are assumed' to belimited only by the quantity of 
each nuclide that would dissolve into the quantity"of brine available (Section .6.4.2.3.2). 
These calculations are described in Section 6.4.2.3.4. Additional data concerning 
solubilities will be obtained during site characterization. 

Ground-water flow will be discussed in Section 6.4.2.3.5, regarding seal performance. An 
estimate of the extent of the disturbed zone, possible flow through host rock, and flow in 
aquifers will be included in the discussion. Ground-water,travel time will be compared with 
10 CFR Part 60 requirements. Additional.data concerning ground-water flow will be obtained 
during site characterization. 
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6.4.2.3.1 Thermal Conditions,.  Preliminary thermal analyses using estimated thermal 
properties and geothermal gradients for the Davis site provide time-dependent boundary tem-
peratures for the waste package assessments in. Sections 6.4.2.3.3 and 6.4.2.3.4, and radial 
profiles of temperature for the brine-migration calculations in Section 6.4.2.3.2. Sec- 
tion 6.4.2.3.3 shows that temperatures have less impact on waste package performance than the 
in situ moisture content of salt. Table 6-30 and Figure 6-1 show that maximum expected sur-
face temperatures on the waste package will reach 236 C (457 F) for commercial high-level 
waste (CHLW) and 134 C (273 F) for spent fuel from a pressurized water reactor (SPPWR). This 
section discusses the analytical approach, data base, and uncertainty and results of the 
thermal analyses. 

Analytical Approach.  McNulty (1985) used the TEMPV5 code to estimate time-dependent 
temperatures around the waste package. The TEMPV5 code uses an analytical solution of finite 
line sources in an isotropic and infinite-medium to model individual waste packages. ' Site-
specific conditions may vary from the assumptions. The code uses linear superposition of 
temperature contributions from individual finite line sources as described by an analytical 
integration to calculate the temperature at a point. The TEMPV5 code allows either simul-
taneous emplacement of all waste as an infinite array of canisters, or sequential emplacement 
of waste into various regions of the repository. This analysis assumes simultaneous emplace-
ment in an infinite array. McNulty found that sequential emplacement has little effect on 
waste package surface temperatures. A transformation technique accounts for the dependence of 
thermal conductivity on temperature. TEMPV5 dem; not assume a homogeneous medium (a medium 
whose properties are constant throughout), because it allows thermal conductivity to vary with 
temperature throughout the infinite medium; however, TEMPV5 cannot model a layered medium. 
The transformation does not account for the temperature dependence of diffusivity. However, 
McNulty' shows that the temperature dependence of diffusivity has a small effect on computed 
temperatures. 

Data Base and Uncertainties.  The data used in the analyses consisted of thermal' proper-
ties (Lagedrost and Capps, 1983, SMI/ONWI-522, Tables 3, 4, 5), waste-package parameters 
(Westinghouse Electric Corp., 1983, ONWI-438, Tables 1-2 and 1-3), and baseline repository 
inventory and design parameters (SCC, 1984). Uncertainty exists in thermal conductivities and 
ambient in situ temperatures. Duffey (1980; SAND79-7050, pp. 3-7 and 59) and Wagner (1985, 
ONWI-300, p. 9) have observed lower; thermal conductivities in the laboratory than in the 
field. Sampling disturbance of the'kind reported by Lagedrost and Capps (1983, MI/OM-522, 
p. 14) can reduce thermal conductivities measured in the laboratory. Consequently, Laken 
et al. (1984, Figure D-3) have suggested-an increase of 40 percent in laboratory thermal 
conductivities as a correction. The analyses used ambient in situ temperature of 33.7 C 
(93 F). McNulty (1985) presents more details on the use of . these and other data. 

Thermal Analyses And Results.  Separate thermal analyses were made for CHLW and SPPWR 
wastes. The calculations of McNulty (1985) used an infinite array configuration for the lay-
out of the waste packages. Figure.6-1'shows the time-dependent variation of temperature at 
the surface of the CHLW and SFPWR waste packages. Table 6-30 summarizes temperatures for both 
wastes as a function of time. These analyses predict that expected maximum temperatures on 
the surface of a waste package would reach 236 C (457 F) for CHLW at 5 years and 134 C (273 F) 
for SFPWR waste at 10 years. The temperatures reflect the combined effect of site-specific 
thermal conductivities and ambient in situ temperature. Uncertainty exists in the expected 
thermal conditions. However, waste-package performance also depends on other factors such as 
the in situ moisture content of the salt. Section 6.4.2.3.3 shows that waste-package 
performance depends more on brine migration than on any uncertainty in expected thermal 
conditions (Jansen, 1985). 

6;4.2.3.2 Fluid Conditions In Salt.  Naturally occurring salt traps small brine inclu-
sions within-  the salt cristals and along intercrystalline boundaries. When a thermal gradient 
is applied, solubility differences can cause the brine inclusions to migrate toward the heat 
source. Salt dissolves at the hotside of the inclusion, moves through the inclusion, and 
then precipitates at the cool side of the inclusion. When each inclusion reaches a crystal 
interface, intracrystalline brine migration stops. Intercrystalline movement may then occur 
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along grain boundaries towards the heat source. This section discusses the preliminary 
analytical approach, data base and uncertainty, and results of the brine-migration analyses. 

Analytical Approach. McCauley and Raines (1985) used a finite difference code (BRINEMIG) 
to predict flow rates of brine migrating toward the waste•package. BRINEMIG assumes the salt 
to have homogeneous and isotropic properties and uses the mass balance principle to calculate 
the moisture concentration profiles. The BRINEMIG code uses the following empirical equation 
developed by Jenks and Claiborne (1981, ORNL-5818) to predict brine-migration velocities due 
to a thermal gradient: 

log (V/G) = 0.00656 	0.6036. 

• where 

V = velocity of brine migration, centimeters per year 
G = thermal gradient, degrees C per centimeter 
T = temperature, degrees C.  

Jenks and Claiborne (1981, ORNL-5818, Figure 6)- used available data to derive the above 
equation on intracrystalline brine migration to overpredict brine migration due to a thermal 
gradient. Additional , work is required to understand the role of intercrystalline brine flow 
in the overall process of brine migration. McCauley and Raines (1985) show that BRINEMIG 
gives brine accumulations that show reasonable agreement with those from the Salt Block II 
experiment (Hohlfelder, 1980, SAND79-2226). This comparison suggests that BRINEMIG will 
reasonably predict, brine flows even though the code does.not consider the brine movement along 
grain boundaries. Because theoretical considerations (Anthony and Cline, 1971, p. 3380) 
indicate the existence of a threshold thermal gradient below which brine does not migrate, the 
analyses also considered cases with and without a threshold gradient. 

Data Base and Uncertainty. The amount of brine that flows toward the waste package is 
directly proportional to the initial brine content of the salt. Gevantman (1981, Table 1.4) 
reports brine contents by weight for bedded salts between 0.015 and 0.023 percent for Retsof, 
New York, and 0,67 percent for Hutchinson, Kansas. In general, measured water contents of the 
Salt Cycle 6 host horizon are less than 0.53,weight percent; however, water contents may be 
higher in zones containing hydrous evaporite phases, such as carnallite and kieserite (Hite, 
1983; Conner, 1983). Conservative calculations yield a maximum brine estimate for:Cycle 6 
salt of 4.7 volume percent (Sections 3.2.7.1, 6.3.1.2.2). Realistic estimates of brine 
availability suggest lower values, probably on the order of 1.3 to 3.5 volume percent (Sec-
tion 3.2.7.1). Use of a high water content will overpredict brine migration for bedded salts. 
To assure that brine-migration quantities are not underpredicted, the calculations assumed an 
initial water content of 5.0 volume percent. 

These preliminary calculations used thermal threshold gradients of 0.125 and 0 C (0.225 
and 0 F) per centimeter. Jenks and Claiborne (1981, ORNL-5818, pp. 96-103) used 0.125. ,C 
(0.225 F) per centimeter for temperatures below 100 C (212 F). A zero*•thermal threshold 
gradient gives higher estimates of brine flow to the waste package. 

Brine Migration Analyses and Results. BRINEMIG calculates brine flow rates from radial 
temperature profiles given at various times. BRINEMIG uses temperatures and thermal gradient 
interpolated from these profiles in the equation developed by Jenks and Claiborne (1981, ORNL-
5818). The TEMPV5 code (McNulty, 1985) supplies the temperature profiles to BRINEMIG in 
tabular form. Figures 6-2 and 6-3 present radial temperature profiles calculated by TEMPV5 
for CHLW and SFPWR, respectively. Figure 6-2 shows that CHLW has the steepest thermal 
gradients. Figures 6-7 and 6-8 present brine accumulation at the waste package with time for 
threshold gradients of 0.125•and 0 C per centimeter, respectively, the expected and conserva-
tive cases. With the• threshold gradient, CHLW and SFPWR produce 0.92 and 0.44 cubic meters 
(33 and 16 cubic feet), respectively, of brine at the waste package. Without a threshold 
gradient, CHLW and SFPWR produce 1.02 and 0.78 cubic meters (36 and 28 cubic feet) of brine, ' 
respectively. A threshold gradient reduces the predicted brine accumulation, especially for 
SFPWR where temperatures remain high fora much longer time as shown by comparing Figures 6-2 
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and 6-3. Jansen (1985) and the description in Section 6.4.2.3.3 show that these differences 
in the accumulated brine do not significantly impact the performance of the waste package. 

Other Source of Brine. .The , dehydration of carnallite may provide the principal source of 
brine for waste package corrosion. However, elevated: temperatures and time are required for 
carnallite to dehydrate. Also, it is not clear whether carnallite dehydration water will ever 
reach the waste package environment. The analy!is conservatively assumes that brine from this 
source is immediately available to participate; in the brine migration process. 

Some of the interbeds may have significant transnissivityand provide a Potential conduit 
for ground, water. The siting process is intended to avoid such situations. 

Another possible source of water is the Elephant:Canyon aquifer'in the unexpected event 
of an intrusion scenario. As described in Chapter 3, the potentials are such"that any flow 
into the repository level would come from above. Such waters would probably become completely 
saturated with sodium and chloride prior to reaching the repository'level. Some of the calcu-
lations in Section 6.4.2.3:3, "Waste Package Performance," consider unlimited flow quantities 
of "intrusion" brine to give an idea of the 'effect this source of water would:have on package 
life. 

6.4.2.3.3 Waste Package Performance. A preliminary performance assessment of waste-
package designs was conducted with the WAPPA waste-package code (Jansen et al., 1984; Jansen, 
1985; INTERA, 1983, ONWI-452). Expected conditions for temperature, stress, brine composi-
tion, radiation level, and brine flow rate were used as boundary conditions to compute 
expected corrosion of a thick-walled overpack of law carbon steel. Ile waste-package failure 
calculation was essentially .a one-dimensional radial geometry integration of corrosion rates 
uniformly distributed over the outside of the container wall but varying with temperature over 
a 10,000-year history of the waste Package. Package failure was assumed to occur when the 
corrosion allowance was exceeded and the package was assumed to yield under lithostatic 
pressure. 

Boundary Conditions at the Package Surface. Boundary conditioni for temperature, brine 
flow rate, stress, radiation level, and brine composition at the overpackaurface, which are 
needed by the WAPPA code for the package failure analysis, were.estimated'by the following 
methods: 

1. Temperature. The temperatures at the surface, of the waste package were computed by 
the TEMPVS code (based on analytical solutions for decaying short line sources) and 
were discussed in Section 6.4.2.3.1. The calculated maximum temperatuies were 236 C 
t457 F) at 5 years for the CHLW package'  urface and 134 C•(273 F) at ten years for 
SFPWR. 

2. Brine Flow Rate. Computation of the accumulation of brine flowing to the waste 
package was discussed in Section 6•4.2.3.2. The brine Latvia rates -shown in 
Figure 6-9 were provided as input from BRIVEMIC and are needed to properly account 
'for the water in'the brine consumed by chemical reaction with the steel overpack at 
each time step in the computation process. The corrosion reaction stoichiometry 
consumes the water in 0.32 cubic meters (11 cubic feet) of brine and produces' 
400 cubic meters (523 cubic yards) of hydrogen gas per centimeter of steel overpack 
thickness dissolved. Corrosion calculations were carried out for three brine condi-
tions: (1) brine migration with a thermal : gradient,flow cutoff (the expected' 
condition), (2).brine migration with no thermal gradient flow cutoff, and (3) 
'corrosion with an unlimited excess of brine. The maximum gross accumulated brine 
volumes (i.e., without chemical reaction) with a thermal gradient cutoff were about 
:0.92 cubic cetera (33 cubic feet) for the CHLW package and about 0.44 cubic meters 
(16 cubic feet) for the SFPWR package. With no brine flow cutoff, the maximum gross 
accumulated brine volumes as summed by WAPPA reached 1.02 cubic meters (36 cubic 
feet) at 10,000 years for the CHLW package and 0.78 cubic meters (28 cubic feet) for 
the SFPWR package. For corrosion computations, the brine flow was assumed to be 
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uniformly distributed around the radial perimeter and along the length of the 
overpack. 

3. Brine Composition. The composition of:the:thermally migrating brine (i.e., salt 
inclusion brine) that contacts the package at7Daiis.is expected to be of high meg-
nesium content (Sections 3.2.7.1-and 6.3.1.2).- On the other hand, low to 
.intermediate magnesium content brine is typical of salt dissolution brines used for 
unexpected events such as brine intrusion scenarios. High-magnesiuMintrusion 
brines are not expected in the Paradox Basin because-(1) anylbrinelloWing rapidly 

. through the carnallite marker bed above the repository horizon wilt probably not 
' have the opportunity to saturate with Magnesium; (2) any intrusive brine will 
'probably already be saturated with respect tOlialite,consequently*the extent of 
carnallite dissOlution will be limited - by the :  halite.. 	state of brine (both 
minerals contain chloride); (3) precipitation. of Magnesiti-beatineminerals, some of 
which exhibit dtcreasing solubility. with increasing temperature, will limit 
magnesium concentrations; and (4) dilution of high-magnesium'brinea by low-magnesium 
fluids is expected to occur (Section 6.3.1.2.3). The compositions of the low-
magnesium intrusion brines in Table 6-11 are in reasonably good agreement with that 
of an experimentally produced composite Paradox Basin dissolution brine as reported 
by Pederson et al. (1984). Approximately, 2,000 mg/1 of magnesium haVe been found in 
the waters of thelionaker"Trail Formation; whiCh immediately overlies the Paradox 
Formation (McCulley et' a]..1984). Thiaconceiiration is intermediate between the 
magnesium levels in'the*siO brines used'incorrosiontests, and the corrosion 
resistance of a:canister exposed o suchaolutions is not known. The corrosion 
tests that have beei run to date (Kreiter, 1984) have used WIPP Brine A as a high 
magnesium content brine and PerMian Basin No. 21)rine aua low magnesium content 
brine. Compositions are shown in Table 6-11 (Kreiter, 1984). Permian Basin No. 2 
brine is a modification of the low temperature salt dissolution brine (Permian Basin 
No. 1) that has been equilibrated at :150:C,(302 - F) (representative repository 

: conditions) to precipitate anhydrite, which would otherwise have formed a protective 

It should be emphasized that mite-specific Paradox Basin brine compositions are not 
well known at present. Corrosion data (Table 6-11) are presently available at only 
two magnesium concentrations; consequently, predictions were based on these values. 

' It is unlikely that a brine, significantly more corrosive than Brine A (Table 6-11), 
will be identified; however, if better information is obtained during detailed site 
characterization activities that impacts the corrosion calculations, then the 
repository or package design can be modified appropriately. The corrosion rates 
could be lowered, for example, by placing a magnesium getter in the packing sur-
rounding the package, if magnesium is identified to be the problem: Alternately, 
the overpack thickness could be increased, thermal loading could be decreased, or 
more corrosion-resistant materials could be used (Section 6.3.1.2.3). 

4. The Radiation Field. .Tie ANISN-W code (Oak Ridge National Laboratory and 
Westinghouse, 1973) with 18 energy source groups, and tht DLC-23 cross section 

I  library (Oak Ridge National Laboratory and Science AO.plications Inc., 1973), Were 
used to compute radiation fields in and near the package (Figure 6-10) from gamma 
energy source terms (WWI, 1984, BMI/ONWI-545) which had been computed by the 
ORIGEN-2 code (Croff, 1980, ORNL-5621). The normalized dose rate profile was found
to be invariant with time and decayed at precisely the same rate as the total photon 
rate (Jansen, 1985). This normalized profile and the transient total photon rate 
were then used directly.in the WAPPA code to compute local dose rates at any time. 
WAPPA made semilogarithmic interpolations of the radiation field in the container 
wall to estimate the dose at intermediate wall thicknesses. The dose rate 
(Figures 6-13 and,6-12) at the salt-container interface of the SFPWR package is 
initially 32 rads'per hour and is 21 rads per hour at the CHLW package surface. 
Both fields decay tenfold during the first 100 years, but the SFPWR radiation field 
decays less than the CHLW field at times near 1,000 years, because it contains more 
long-lived actiniaes. It is clear from Figure 6-13 that any radiation field below 

scale on the specimen surfaces during the tests. 
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several hundred rads per hour should not produce a significant effect on the cor-
rosion rate unless highly energy-dependent radiation damage effects to salt prove to 
be more , , ignificant than current estimates (Levy,.1983). This observation,must be 
tempered by the_fact thai if appreciable:corrosion-penetrates deep into the overpack 
very rapidly (thiiiienot present at expected UnifOrni corrosion conditions),then 
the radiation field will bnmuch higher than at the uncorroded surface, and its 
exact value there may be high enough to require more reliable estimates of the 
radiation field, .,•; 

5. Corrosion Rates.  Corrosion rates of low carbon steal are dependent on temperature, 
brine composition, and radiation level. The estimates made by R. B • 	of 

, Pacific Northwest Laboratory (PNL) from preliminary data (Kreiter, 1984) were cor-
related and extrapolated (Jansen, 1985) as shown in Figure 6-13. More recent data 
now available (Westerman at al., 1983) diffironly in detail. Westerman et al. 
describe the estimates as follows: 

The supplied values were estimated on the basis of the limited corrosion 
rate data presently available (07/21/83). These data have been primarily 
obtained in mild and low-alloy steels and nodular cast irons in simulated 
Permian Basin intrusion brine at 150 C in irradiated and unirradiated 
tests-in flowing autoclave systems (PNL work), and in unirradiated Brine A 
at 250 C in static autoclave systems (PNL and Sandia, work). The data on 
irradiated simulated intrusion brine at 250 C and irradiated Brine,A 
amount to only a few very short-term tests (Sandia work). Becauseof the 
uncertainties involved in estimating.corrosion rates,without a clear 
understanding of the effects of the independent test'variables mentioned 
(temperature, brine composition, irradiation intensity) on the rate-
limiting mechanism(s) of the corrosion process, the estimated values in 
the table may be in error by as much as a factor of five, with the highest 
degree of uncertainty in the 250 C and high irradiation-intensity regimes. 

The reference corrosion rate was 0.025 millimeter (0.001 inch) per year at 150 C 
(302 F) for the low magnesium brine, and the temperature affect was introduced by a 
free energy of 10.1 kilocalories par mole. The reference. condition-  was 0.18'milli- 
meter (0.007 inch) per year at 150 C (302 F) for the high magnesiumi brine and the 
temperature effect was introduced by 'a free energy of 4.5 kilocalories per mole. 
Intermediate oxidizing species that may control the corrosion rate , were found to 
vary with the square root of the dose rate in preliminary computer modeling activi- 
ties (Kraiter, 1984). Therefore, the effect of radiation on corrosion was derived 
by fitting an apparent square root dependency to the corrosion data. The same 
radiation enhancement factor for corrosion, vide: produces about a twentyfol4 
increase in corrosion rate at 10 6  rads per hour, was applied at all temperatures. 
For expected dose rates at container surfaces of 20 to 40 rads per hour, the 
increase in corrosion rate is clearly negligible. 

. Boundary Stresses. , 'Salt creep is expected to close the borehole around the waste 
package during the first'year. Maximum normal stress due to thermal gradients may 
be exerted on the'package during the first few years after burial, with a gradual 
decay to lithostatic pressUre during the first decade after burial. The peak values 
and the decay histories, of the stresses are currently poorly defined. An analysis 
of similar behavior at the Asse salt dome in Germany, showed the stresses tolbe 
always compretsive and verified'acreep law model for repository conditions in that 
salt (Prij and Vons, 1984). For the purpose of this preliminary analysis, a: 
25-percent excess horizontal (radial) compressive stress and a 35-percent excess 
verticalraxial compressive stress (Figure 6-14) have'been assumed relative to the 
lithostatic pressure, peaking nearone year after burial (Loken at al., 1984). 
Further v ir,has also been assumed that the 5.0-centimeter (1.97-inch) CHLW and 
2.5-centimeter (.98-inch) SFPWR allowances'for container corrosion used by Westing-
house (Westinghouse Electric Corp.; 1983, ONW/-438) apply at the long-term 
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lithostatic pressure in the salt formation. We did not use the mechanical submodel 
in the WAPPA code for stress calculations. Instead, when the uniformly corroded 
thickness reached these values, the overpack was assumed to yield and the barriers 
breach, allowing brine: to contact the waste form. 

Failure of Waste Packages.  A waste package has not actually failed until radionuclides 
are transmitted beyond the waste package boundary. The process is initiated by the in-migra-
tion of brine and the onset of corrosion of the overpack. This process chemically consumes 
oxygen from the water in the brine. If, and when, all the oxygen is consumed, the process 
stops. Even if corrosion persists until the overpack is penetrated, additional barriers exist 
in the form of the stainless steel canister and Zircaloy clad for spent - fuel, and the waste 
form itself for CHLW. Even though the clad may not be intact, and stainless steel is not 
especially tolerant of salt brines, zirconium and iron tend to oxidize readily and further 
consume oxygen to help ensure anoxic conditions in any brine which might remain unreacted. In 
addition, these materials and their corrosion products physically retard the movement of 
fluids toward the interior of the waste package, and thus, further inhibit the release of 
radionuclides. Furthermore, brine must dissolve the fuel pellet (for SF) or the glass (for 
CHLW), along with the radionuclide elements. As will be discussed later, many nuclide ele-
ments have low inherent solubilities, and ,therefore matrix solubility is not an important 
factor. However, others (e.g. cesium, iodine) do not have inherently restrictive elemental 
solubilities but are significantly retarded by considerations of matrix solubility. None of 
these factors is considered in this preliminary analysis. 

In addition to ignoring the above-mentioned conservative factors, the distribution of 
failure times of waste packages would spread releases over time, perhaps over periods longer 
than 10,000 years. For purposes of thii preliminary analysis, all waste packages are assumed 
to fail simultaneously at the calculated time the portion of the overpack, that is allocated 
for a corrosion allowance, is corroded away: 

Corrosion and Failure of the Overpack.  Corrosion of the overpack with unlimited brine 
flow quantities during the first 20 years is compare4 in Figure 6-15 with the estimated wall 
thickness at which the overpack would fail. The difference between lithostatic and maximum 
failure thicknesses has been normalized to equal the corrosion allowance. The effect of the 
stress transient (Figure 6-14) is negligible by the time corrosion becomes appreciable for 
both CHLW and SFPWR packages. Thus, if the package is designed to withstand the early high 
stresses prior to the occurrence of significant corrosion without a corrosion allowance, a 
detailed analysis of transient stresses is not necessary in the WAPPA code calculation. 

Unlimited brine flow provides unrealistically high corrosion rates for a long-term extra-
polation. At longer times, different results are produced for thermal-gradient driven inflow-
ing brine (the expected condition at Davis Canyon) than with an unlimited amount of brine 
available (Figure 6-16 and Table 6-31). Numerous corrosion mechanisms exist, e.g., uniform 
corrosion, stress corrosion cracking, pitting, intergranular attack, etc. Low carbon steel, 
the material selected for theoverpack, is not especiallysusceptible to pitting and other 
non-uniform corrosion phenomena as confirmed by corrosion experiments (Kreiter, 1984; 
Westerman et al., 1983). The brine is expected to distribute uniformly over the package sur-
face because of the crushed salt backfill. If the brine does distribute uniformly over the 
overpack surface, the analyses indicate that brine corrodes only 3.0 centimeters (1.18 inches) 
of the 5.0 centimeter (1.97 inches) corrosion allowance for CHLW and 1.4 centimeters 
(.55 inch) of the 2.5 centimeter (.98 inch) corrosion allowance for SFPWR. The analyses 
further indicate that corrosion would then stop indefinitely because no more water would be 
available to react with the remaining iron in the overpack. Reduction in the surface covered 
by brine would cause a decrease in the package lifetime. A similar result would be obtained 
if pitting or stress corrosion cracking increased, the' local penetration. 

Corrosion of the waste package in unlimited quantities of intrusion brines with low , 
magnesium content is shown in Figure 6..17 and Table 6-31. This approximates the condition 
that might occur in the event of• an intrusion scenario. With uniform corrosion rates, both 
packages are intact at 10,000 years, and the result is independent of brine distribution over 
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the package surface. At this time, 1.5 centimeters (0.59 inch) of the 5.0 centimeters 
(1.97 inches) CHLW corrosion allowance and 1.0 centimeter (0.39 inch) of the 2.5 centimeters 
(0.98 inch) SFPWR corrosion allowance have been corroded from the overpacks. 

. 
With the low corrosion rates in low-magnesium intrusion brine, the results for expected 

conditions are not sensitive to nonuniform distribution of limited quantities of brine over 
the package surface. On the other hand, with expected high-magnesium brines and higher cor-
rosion rates, the conditions for promoting nonuniform brine distribution should be avoided. A 
measure of the sensitivity of the uniform brine distribution results to nonuniformity of brine 
distribution is the fraction of coverage of the overpack surface by , the limited amount of 
brine at which the available-water is' just' sufficient to permit uniform corrosion of the 
complete corrosion allowance. With surface coverage less than this critical value, the cor-
rosion rate is governed only by the chemical reaction rate, which causes failure at times less 
than the 300-year minimum package lifetime mandated by 10 CFR Part 60. The critical surface 
coverages for the Davis Canyon site is 61 percent for CHLW and 57 percent for SF. Surface 
coverages appreciably higher than these values would need to be maintained to give package 
lifetimes approaching 1,000 years. Emplacement procedures, such as the oversize of the bore-
hole, whether it is backfiiled, the void space in the crushed salt backfill, -and the water 
content of,the backfill and of the salt formation itself, are expected to affect the uni-
formity of• brine distribution over the package surface. " 

, 	 • 	. 	. 

Only uniform corrosion has been reported in the overpack material tests at saturated 
anoxic conditions by PNL Welter, 1984; Westerman et al., 1983). However, although perfectly 
uniform corrosion is a useful concept, it is a theoretical limit. Some nonuniform corrosion 
occurs even in the most uniformly corroded specimens. Limite_will eventually be obtained from 
test programs for the degree of nonuniformity of the atiaCkof brine upon the overpack Mate-
rial under expected conditions. At'ihe priient time 	can:Only make parametric analytical 
studies of the hypothetical effect of pitting ratio* on the waste package integrity. • 

For small pitting ratios, the pit does not penetrate throughthe corrosion allowanCe of 
the container before corrosion is halted - by'lack of water. availability or before the 
10,000-year computation period is exceeded. For'larger - Pitting ratios, the pit penetrates the 
corrosion allowance thickness in a shorter time than uniform corrosion and the overpack is 
then assumed to fail mechanically, breaching the container and permitting radionuclides to be 
leached from the waste form through the breach. At some pitting ratioOsignated here as the 
critical value, the pit pepetrates the corrosion allowance at exactly 10,000:years. This then 
becomes a measure of how sensitive the uniform corrosion results would be to . pitting or 
crevice corrosion, if one Or the other occurred. This is gvery conservative assumption*. In 
fact, this mechanical failireM4 never occur, and it may be'necessary for a pit to penetrate 
through the entire container wall thickness to permit brine to contact the waste form. 

For the Davis Canyon site at the expected conditions for thermally migrating brine; the 
critical pitting ratio is 1.65 for CHLW and 1.76 for SF. This low ratio indicates a high sen-
sitivity of computation results to nonuniform corrosion. Conditions that cause pitting-Should 
be identified and avoided if possible. On theother,hand, for , the unlimited volume of low-
magnesiumjntrusion brinetj the critical pitting,ratioiseboUt 3.3 for CHLW and 2.5 for SF 
packages at 10,000 years. With intrusion brine, thecomputed results are much less sensitive 
to a pitting attack assumption than with inclusion brine. 

If it were possible for thereto be unlimited quantities of the high magnesium brine to 
contact the waste package,'Table'6-30-indiCates feilure . ef-overpacks at 336 and 220 years for 
CHLW AND SFPWR respective/y:1 The-improbability oUhigh-magnesium brine formation is discussed 
in Section 6.3.1.2.3. HeOever, this caseis included to give a lower bound on package 
lifetime. 

*Pitting ratio is defined here as the ratio of the uniformly corroded thickness plus the 
depth of the pit or crack to the uniformly corroded thickness. 

! 	 ' 
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Figure 6-17 Source: Jansen. 1985. 
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Table 6-31. - Effect of Brine Availability on Failure of Waste Packages in Davis Canyon 

Uniformly Corroded 	' Failure Time,(a). 	Condition at 
Corraslon Conditions' 	 " '• Thickness', cm 	 years 	 10,000 years 

4.4,1 

CHLii= 	 EXPECTED CONDITION - THERMALLY MIGRATING BRINE 
w.a." High-Mg Limited Brine Volume 	 3.0 	 (b) 

• _ 
UNEXPECTED CONDITIONS - THERMALLY MIGRATING , BRINE -- 

, 	
High-Mg LimitedBrine•VOlume  

. "(no brine flow`threishold)' ., 	 3.3 	 (b) ,.4_ 	
-  High Mg Unlimited Bripe'Volume • 	 336 • ,...   • 

, 	. 
UNEXPECTED CONDITIONS - INTRUSIVE SALT DISSOLUTION BRINE 

1 	
io 	1 	• 	..... 	•  
„, , Low-Mg Unlimited Brine Volume 	 1.5 	 Greater than 10,000 

. 	 . 
,.. - 	 .. 	 • 	 _ 	. _ 	, 	. 	 I 

, SFPWR- ' - 	• 	- 	EXPECTED CONDITION - THERMALLY MIGRATING BRINE' 

11,3 	
11W-Mg  Limited Brine Volume - 	 1;4 	 , 	 (b) 

- 	 . 
UNEXPECTED CONDITIONS - THERMALLY MIGRATING BRINE .. 

., 	 High-Mg Limited Brine. Volume 	' 	.' 	 . 	• ' 
tC) 	 (no brine flow threshold) 	 - 	 - 	2.5  	- 	2750  • — 

High-Mg Unlimited Brine Volume 

• " 	'UNEXPECTED 	 BRINE 
Low-Mg Unlimited !Wine Name. 	 : 	1.0 , 	•- • Greater' than -10,000 

Inttict 

Intact 
Failed 

Intact 

Intact - 

Failed  
Failed 

Intact 

(a) "Failed" means that a thickness equal to the corrosion` allowance has been corroded uniformly. "Failure 
Time" is' the time that this occurrence takes, place. 

(b) Failure is not ever expected under these conditions.  
• 

• 

• 

• 

• 



It is conceivable that corrosion could be limited by diffusion of brine or intermediate 
species through a thick, adherent iron oxide layer or anhydrite precipitate. This analysis 
included no consideration of any limitation of that type. 

During the period Shortly after emplacement, generated hydrogen tan escape; from the 
emplacement hole, which'may or may not be promptly backfilled. Gas can continue to escape 
after backfilling and,prior to consolidation of the backfill material. If at any time the 
reconsolidating salt begins to trap the gas, the increase in gas pressure Will be limited by 
salt creep and stress ,  redistribution (just as thermal stresses are relieved) and by diffusion 
of hydrogen gas throughitha salt matrix. If moisture contacts the waetepackage as a vapor, 
there will be an actual volume contraction and a decrease in gas pressure as corrosion occurs. 

6.4.2.3.4 Release Rate From the Engineered-Barrier Subsystem. For the purpose of this 
preliminary performance assessment, the engineered-barrier subsystem boundary is the outside 
surface of each overpack of each waste package. Nuclide releases from the engineered-barrier 
subsystem to the geologic subsystem are assumed to commence at the time of.failure of the 
overpack and are assumed to be limited only by the quantity of each nuclide that would dis-
solve into the quantity of brine available (ignoring the consumption of brine by chemical 
reaction with the overpack). Synergistic effects which result in lower solubilities such as 
saturation with iron or , the presence of carbon in carbides are ignored. 

1 
Brine accumulations around the packages With and without consumption of brine by corro-

sion are shown in Figure 6718 for both packages in Davis Canyon. This shows that essentially 
all of the brine reaching the package is promptly used up by chemical; reaction :  with the iron 
in the overpack, with the exception of the CHLW package during the first 100 years after 
burial. The net brine left approaches- zerofor the CHLW package before 200 years so-that the 
conclusion for CHLW is identical to that of SFPWR. The net brine left after chemical reaction 
with the steel overpack will be much less than the'gross accumulated brine volume. This will 
reduce the potential for leaching of radionuclides from the waste forts. As a conservative 
assumption, however,.the gross volume of brine is used to compute an upper limit to the 
release of radionuclides across the package surface. This his been done using, the solubility 
limits given in Table 6-32, which are taken from the National Academy of Sciences (NAS) Waste 
Isolation Panel (WISP) Report (Pigford, 1983), with addition of estimated values for'saturated 
radium concentrations in natural' brine, (Langmuir, 1983) and'nominal Yalues for highly soluble 
cesium chloride and sodium iodide salts in water and for carbon in carbonate-saturated ground 
water (Card and Jansen,' 1975). Several data sets exist from 'which solubility information can 
be drawn (Fournier,and Rowe, 1977; Muller et al., 1981, SAND81-0557; Rai et al., 1981; Rai et 
al., 1983; Rai and Ryanl 198i; Rai andjyan,.1984; Ryan and Rai, 1983; Van Luik and Jurinak, 
1979); none of these igibased on site-specific conditions. For the purpose of this pre-
liminary assessment, the information from Pigford (1983) has been selected as generally 
representative of expected solubility 'values. 

It should be noted that there are probably inadequacies in any currently available data 
set. The effects of, high ionic strength solutions, temperature, and pressure on radionuclide 
solubility are not completely understood. Also, the thermodynamic data base for various 
radionuclide solution species is subject to uncertainties and estimations, and, therefore, is 
not adequate for definitive calculations. One computer code, EQ3/EQ6, is currently being 
rtldified for use on repository conditions (INTERA, 1983,'CaWI-472). The radionuclide release 
calculations in Sections 6;4.2.3 and 6.4.2.4 will continually be updated with state-of-the-art 
codes as new data and computational methods become available. Solubilities of most radio-
nuclides in brine are kstrong function of Eh and pH; neither are expected to be significantly 
affected by the near-field radiation field of only about 20 rad/per hour (Sections 6.3.1.2.2 
and 6.3.1.2.3). 'Activities during,site characterization'will further documentthe effects of 
radiolysis on oxidationreduction potential at repository-releyant dose rates. Solubilities 
expected in anoxic brines would ba lower than the WISP-estimates (Pigford, 1983). 

The preliminary'results for CHLW and SFPWR packages, are compared in Tables 6-32 and 6-33 
with the final EPA 40, CFR Part 191 individual nuclidelimits at the repository site boundary 
prorated to each package. It is required that the sum of these release ratios at the access-
ible environment must not exceed unity. For all elements except cesium, iodine, and possibly 
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Element  
solubility  (a)  

grams/m4  

Package 
Inventoryi(b) 

grams 

Dissolved 
in Bries~ 
gram 

- 
Nuclide 

EPA 
Limit,(v) 
Curies per 
1000 MIEN 

Betio of 
Badivoctivity(b) 

in Brine to 
EPA Limit 

Total Volume of 
Saturated Brine 

to Reach 
EPA Limit, a3 

Carbon 
Selenium" 
StromtiuM 
Technetium 
Tin .  
Iodine 
Cesium 

Vadium 
Thorium, 

Uranium 	.::. 

Neptunium 
Plutonium 

Americium 

Curium 

0.001 
'0.8 
0.001 
0.0001 
600,000 
600,000 

0.00042 
0.001 

:0.001 

, o.00l 
0.001 

0.0001 

0.001 

1,6084) 
539 
3,375 
7,368 
915 
2,238%d) 
13,664 

1.6E-4 
0.09 

46,465 

3,940 
860  , 

3,731 .  

8.0 

5.51-02 
9.24-4 
0.74 
9.21-4 
9.2E-5 
2,238 
13,664 

1.6E-4  
9.2114 

9.25-4 

9.2E-4 
9.28-4 

9.2E-5 

-9.28-4 

0-14 
Se-79 
8r-90 
it -99 
Se-126 
1-129 
Cs-135 
Cs-137 .  

Ea -226 
Tb-230 
Th-232 
U-233 
U-234 
U-235. 
U-236 
0-238 
Np-237 
Pu-238 
Pu-239 
Pu-240 
Pu-241. 
Pu-242 
ka-241 
Am-243 
4r244 

100 
. 1,000 

100 - 
10,000 
1,000 

100 
1,000 
1,000 

100 
10 
10 

100 
100 
100 
100 
100 
100 
100 
100 
100 

1,000 
100 
100 
100 
100 

0.51E4 
0.691-6 
0.098 
0.16X-6 
0.771-7 
0.31 
0.34 

80 (meets limit 
490 years) 
0.16s-3 
0.16E-3 
0.17Z-9 
0.89E-10 
0.221-8 
0.171-10 
0.26X-9 
0.31S-9 
0.67Z4 
0.54X-4 
0.29114 
0.102.-3 
0.261-6 
0.15E-6 
0.26E-3 
0.40E-5 
0.14E-4 

1.88+3-. 
1.3E+6 
9.4 
5.71+4 
1.2E+7 

Not saturated 
Not saturated 
by decay at: 

Not saturated 
3.71+3 - 
5.41+9 
1.0E+10 
4.2E+8 
5.3S+10 
3.5E+9 
2.91+9 
1.4E+6 ; 
1.71+4 
3.2E+4 
9.11+3 
3.61+6 
6.2E+6 
3.6E+3 
2.3E+5 
6.6Z+4 

(so 

CC) 

Table 6-32. Davis Caves GUM Package. Comparison of Solubility  and Release at a Failed 
Neste Package Boundary with EPA Discharge Limits to the Accessible Environment 



Table 6-32. Davis Canyon CRLW package. Comparison of Solubility and Release at a Failed. 
Waste Package Boundary with EPA Discharge Limits to the Accessible Environment 

(Page 2 of 2) 

Americium 
• 

Curium' -  

312 .' 

10.000 Year 
Inventory, , 

Tiam, 'mare 
200. 	300 	500 	1,000 	10,000 :  

Nuclide - , 	 Specific ActIvitt,l_Cifg  

Time, years 
200 	300 	500 	1,000 10,000 

Ratio of Radioactivity in Brine to EPA Limit  

.  .  . 

Carbon 	1,607 	C-14 
Selenium;, 	. 533 	' 8e-79 
Strontium. . 3,351- 	8r-90 
Technetium 	 Tc-99 
Tin 	 898 	8n-126 
Iodine 	'2,237 	I-129- 
Cesium 	' ' 13,597' 	t  Cs-135 

•.,, 
Thorium 	1.1 -;  Th-232 
Uraniui. , - . 46,465. 	: 0-233 

-U-235 
0-236 

Ch 	 0-238 

 

1%0 
Reptunium • 8,905 	RP-237' 

Ln Plutonium -4', 	703 	Pu -238 
Lo Pu-239 

Pu•140 
Pu-241 
Pu-242: 
Am-241 
Am-243 
Cm-24k  

9.0E-i3 	8.9E-3 	8.7E-3 	8.2E-3 	2.88,-3 	._ 5.1E-4 	5.12-4 	5.18.4 	4.7E-4 1.6E-4 
7%2E-3 	7.2E-3 	7.2E-3- ":7.22-31,T, 6.62-.1 , : 	- 6.9E-7 	6.92-7 	6.9E-7 	6.9E-7 --  6.3E-2 
1.4 	0.13 : 	1.1E-3 	 7.5E-9 '7 0 -- -- 	;- 1.I' 	9.8E-2 - 8.5E-4 	5.7E-9 0 	. 
0.017 	0.017- 	0.017 - i' 0.017 : 	0.017 	 1.6E-7 	1.6E-7 	1.6E-7 .  _1.6E-7 1.4E-7 
8.IE*3 :• 8.1E-3. 	8.1E-3' .8.1E-3 	7:7E-3 	7.7E-8 	7.7E-8 - 7.7E-8 ' 7.7E-8 7.3E-8 
1.3E-4 ,- 1.3E-4, 	1.3E-4 	'1.3114: 	1.3E4 	- 0.31 	0.31 	0.31 	0.31 	0.31 , . 
2.4E-4 	2.41S-4 	2.4E-4' . 2:41-4 	2.4E-4 	:' 0.34 	' 0.34 ' . 0.34 	: 0.34 	0.34 
0.57 : 	0.056 	5.6E-4- *: 5.3E-9 , (1 	 0.78 • 	7.5E-6 0 
1.8E-8 	1.8E-8 	1.7E-8 ':1.588i .' 9.5E-0 , 	, 4.7E-10 	1. 7E-10: 1.6E-10 , 1.5E-10 :9.0E.-11 
6.6278 	1.4E-8 	1.92-7 	4.4E-7 	5.6E-6 	6.3E-11 9.0E-11 1.8E-10 . 4.2E-10 5.3E-9 
1.8E-8 	1.8E-8 	1.8E-8'. --- 1.95-8 	2.4E-8 	. -1.7E-11 	1.8E-11= 1.8E-11 	1.8E-11 2.3E-11 
2.7E-7 : 2.8E77' 	2.8E-7' '. 3.0E-7: _ 5.0E-7 	- . 2.6E-10. 2.6E-10 2.7E-10 2.9E-10 4.7E-10 
3.3E-7 	3.3E-7 	3.3E-7 	3.3E-7' 	3.3E-4 	7  3.2E-10 ' 3.2E-10, 3.2E-10 3.2E-10 .3.1E-10 
7.1E-4 	7.1E-4 	7.1E-4 	7.1E-4 	7.1E-4' 	. 6.7E-7 :. 6.7E-7 	6:7E-7 ' 6.7E-7 6.7E-7 
0.088 	0.056 - 	0.023 	2.3E-3' 	2.8E-21 ' 	8.4E-5 	5.4E-5 	2.2E-5 	2.2E-6 2.7E-24 
0.030 	0.030 	0.032 	,0.034 	0.052 	-- 2.9E-5 	2.9E-5' 	3.0E-5' 	3.2E-5 5.0E-5 
0.11 	0.11 . 	0.10 	. 0.094 	0.029 	 1.0E-4 ,., 1:0E4 	9.8E-5 	9.0E-5 2.8E-5 
2.98-3 	2.7E-3 	2.4E-3 	2.2E-3 	8.5E-4- 	. 2.8E-7 r 2.6E-7 	2.3E-7 	2.1E-7 8.1E-8 
1.6E4 	1.6E-4 	1.6E-4; 	1.5E-4 -, 1.2E-4: 	1.5E-7 :: 1.5E-7 - 1.5E-7 . 	1.5E-7 '1.2E-7 
2.8 	2.7 - 	2.58 '- 	2.0- 	1.9E-3 	2.7E-4 	2.6E-4 • 2.4E-4- 1.9E-4 -1.8E-7 
0.037 	0.041 	0.052- • 	0.086-: 	0.20 : 	3.5E-6 	4.0E-6 :. 5.0E-6 	8.2E-6 	1.9E-5 
0.66 ' 	0.015 	7.1E-6 	2.9E-13 5.4E-13 	' 6.3E-4 	1.4E-5 • -6.8E-9 	3.5E-17 0.0 

Note: The volume of brine is 0.92 "IP made aveilable by brine thermal migration-with a Chreshold thermal 
-  

, gradient;  
•-• , .  - - ---  •  • 

(a) Various othet OOlUbility7data eeist; . some with higher _ and some with lower,value s for.verioUs naiades. 
" • . 

These other data maybe no more or no leis ipplicable•,to this preliminary analysis. Ahme:sperificA1 17 
carbon solubility data could be controlled by. kinetics and not by equilibrium conditions. 

(b) Values at,300 years. 	._  
.  ,  •-, -  : • . 

..  .  •  • 
 (c) EPA,I985a. '  - - .  L-  .. - 

(d) This element is not in the CRIM package. It wonldbe'eeparated in the fuel reproceising'plant-and stored 
separately. ' .-'' t,  . 

 

,  , --  , • .  -, 
,• 
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strontium, the expected gross volume of brine saturated with the element limits the 
radionuclide discharges to small fractions of the EPA limit. These fractious would be even 
lower if credit were taken for the fact that not all of the packages in a repository will fail 
simultaneously. 

Except for cesium-137, the volume of saturated brine to dissolve enough radioactivity to 
reach the individual nuclide EPA Limit ranges from - 4:a cubiaaieters(170 cubic feet) for 
strontium-90 to over 820 billion cubic meters (27'trilliOn cubic yards) fOr•uraniumr233. 
These brine volumes are unattainable. unless the brine migration model 1Section 6.4.2.3.2) 
underestimates available brine. 

The rate of supply of brine to the package surface limits the rate of release of radio-
nuclides from the package under expected conditions.:If it is conservatively assumed t hat the 
brine flow rate without a thermal gradient.threiholdbeCOmeasatUrated in the chemical ele-
ments contained in the waste as it reacheathepackage,%an%upper bound on any radionuclide 
release rate can be .computed by multiplying the brine inflow rata by the solubility of the 
chemical element. Then the release rata from.thapaCkagacan be compared:With the NRC .10 CFR 
Part 60 release rate limits for the engineered subsyeterni. If the package releases were to 
satisfy the 10 CFR Part 60 limits and the EPA stendard44'no requirements for retardation. or 
prevention of release need be placed on other repository components.' 

The results of such calculations for - the 10 CFR'Part 60 limits are presented in 
Table 6-12 for CHLW and in Table 6-13 for the•SFPWR package at the NRC-mandated minimum 
package lifetime of 300 years and for other times of interest. Including both packages at 
300 years, the expeited maximum, release rates, even with.the omission of many retarding fac-
tors, are below the NRC limit of 10-5  per year of the nuclide inventory at 1,000 years for all 
radionuclides except strontium-90, iodine-129, cesiumr135, cesium-137, and curium-244. An 
alternate limit given in 10 CFR Part 60 may be applied to these nuclides., This limit, 
0.1 percent of 10-5 , i.e., 10-s, of the total 1,000 year activity in the package, is generally 
met by short-lived nuclides or those present originally in extremely small quantities. -  In 
these calculationsi- strontiumr90 and curium-244 meet, the alternate: limit.; Thus, iodine-129, 
cesium-135, and cesium-137 need constraints other than just a 300-year package to meet the 
10 CPR Part 60 limits. For exampfe, the alternate limit:could be met foricesiumr137 with 
additional decay of about 530 years for both SFPWR and CHLW. Half-lives of iodine-129 (15.9 
million years) and cesium-135 (2.3 million years) are-too long for,demonstrable package lives 
to contain. However, the. total inventory of cesium-135 and iodiner129 could be released; into 
the accessible environment without violating 40 CFR Part 191 EPA standards. 

If the waste form leach fraction is less than about 0.0013 , per year, cesium-135 and 
iodine-129 would meet the alternate limit even, with a-300-year package for either waste form. 
An interim performance specification for waste forma Of 10-4  fractional release per year has 
been published (ONWI, 1983, ONWI-462, p. 11). If this specification were used with 	, 
cesium-137, the package would only have to last about 130 more years than the minimum require-
ment of 300 for it to meet the 10 CFR Part 60 engineered subsystem alternative release limit. 

The results described in this section assume package failure. The expected condition 
does not indicate packtge - failute. Thus, these calculations demonstrate redundancy in that 
even if the package fails, limited solubility and quantities of brine limit the• radionuclide 
release from the engineered subsystem. Other factors, as discussed but not specifically 
included in this preliminary analysis, also limit radionuclide release.i 

Summary of Performance of Engineered Barriers. There will be no radionuclide release 
under expected conditions from either CHLW or SFPWR packages because the package will not fail 
under expected corrosion conditions. If the package should fail, e.g., from human intrusion, 
the solubilities of; the radionuclide elements in the expected total volume of, thermally 
migrated brine (even without the expected volume reduction due to chemidal reaction with over-
pack steel) , will limit, the radionuclide release from the package to within individual nuclide 
EPA limits prorated per package, except for cesium-137. It is recognized that the site limit 
consists of the sum of'ratios for all nUclides. However, examination of individual 
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Neptunium 
Plutonium 

  

Solubility (a)  
Element 	grams/m3  

 

Carbon 	0.06 
- Selenium 	0.001' 
Stroutium 	0.8 
Technetium 	- 0.001 

0.0001 
Iodine 	600,000 
Cesium 	- 600,000 

  

Thorium 
	

0.001';  
Uranium 
	

0.001- 

Total Volume of 
Saturated Brine 

to Reach 
EPA Limit, 0 

4.8 
2.9E+6 
2.5E+8 	. 

Net saturated` 
- Not saturated 
by decay 

Table 6-33. Davis Canyon OFPNI Package. Comparison of Solubility end Nasimam Dries Volume Limited 
Release at a Failed Neste Package Boundary with EPA Discharge Limits to the 
Accessible Environment 

0.001 
0.001 

0.0001 

0.001 

Pottage 
Inveetory,(b) 

grams 

Dissolved 
in Brine, 
grows 	Nuclide 

EPA 
Limit,(e) 
Curies per 
1,000 NMI 

Ratio of 
Radioactivity(b) 

in Brine to 
EPA Limit 

833 

1,747 
3,812 
19,216_ 
1,157 
7,069 

	

?A0.026 	0-14•. 

	

'4:4E-4 	Se-79 ,  

	

0.35 	Sr-90 
---4.418-4.1%.-941 - - 
. 	4.48-5. On-126 

	

1,157 	1-129 

	

: 7,069 	. - Cs -135- 

	

- 	Cs -137 ,- 

100' 
- 1,000 

100 
10,000 
1,000 

100 
1,000 

-- 1,000 

0.47E-3 
0.64E-6 
0.091 

. 0.15E-6 
0.18E-8 _ 
0.31 
0.34 

80 (meets limit 
at 490 years) 

1.19 4.4E-4 	Th-232- 10 0.13E-9 
4,774,600 4.4E-04 .U-233 : 100 0.54E-12 

U-235 100 0.16E-10 
0,236 100 0.24E-09 

100 0.29E-09 
4,276 4.4E-4 Pp-237 ,100 0.62R-6 
38,380 4.4E-4 Pm-238 100 0.25E-4 

Pm-239 100 0.36E-4. 
Pu-240 100 0.59E-4 
Pm-241 1,000 0.18E-7 
Pa-242 .,  100 0.19E-6 

, 	4,301. 4.4E-5 Am-241 100 0.27E-3 , 
km-243 100 0.16E-5.. ' 

4.4 4.4E-4 Cm-244 100 0.1384 

3.4E+9 

2.7E+10 
1.8E+09 
1.51+09 
7.1E+5 
1.81+4 
1.21+4' 
7.5E+3' 
2.58+7 
2.3E+6 
1.6E+3 
2.7E+5 
3.48+4 



Table 6-33. Davis Canyon SFPWR Package. 	Comparison of Solubility and Maximum Brine Volume Limited 
Release at a Failed Waste Package Boundary with EPA Discharge Limits to the 
Accessible Environment 

(Page 2 of 2) 

10,000 year 
Inventory 
grams 	Nuclide 

Specific Activity, Ci/g Ratio of Radioactivity in Brine to EPA Limit 
200 300 500 1,000 10,000 200 300 500 1,000 10,000 

Carbon 166.700 C-14 9.08-3 8.9E-3 8.71-3 8.2E-3 2.71-3 4.81-4 4.78-4 4.61-4 4.3E-4 1.5E-4 
Selenium 55.270 8e-79 7.21-3 7.2E-3 7.2E-3 7.2E-3 6.68-3 6.4E-7 6.48-7 6.4E-7 6.38-7 5.8E-7 
Strontium 347.800 Sr-90 1.4 0.13 1.1E-3 7.5E-9 0.0 0.98 9.18-2 7.8E-4 5.38-9 0.0 
Technetium 740.300 Tc -99 1.7E-2 1.711-2 -- 1.78-02 1.78-7 1.7E-7 1.5E-7 1.5E-7 1.5E-7 1.5E-7 1.5E-7 
Tin 3849.000 8n-126 2.0E-4 2.0E-4 2.0E-4 2.01-4 1.98-4 1.8E-9 1.88-9 1.8E-9 1.7E-9 1.68-9 
Iodine 231.800 1-129 1.38-4 1.3E-4 1.31-4 1.31-4 1.38-4 0.31 0.31 0.31 0.31 0.31 
Cesium 1409.000 Cs-135 2.41-4 2.48-4 2.48-4 2.48-4 2.41-4 0.33 0.33 0.34 0.34 0.34 

Cs-137 '0.56 5.6E-2 5.6E-4 5.31-9 0.0 8.0E+2 79.0 0.78 7.5E-6 0.0 
Thorium 9.923 Th-232 1.58-0 1.58-8 1.5E-8 1.5E-8 1.5E-8 1.41-10 1.3E-10 1.2E-10 1.28-10 1.48-10 
Uranium 2 959500 11-233 4.1E-10 6.18-10 1.3E-9 3.4E-9 5.01-8 3.61-13 5.48-13 1.28-12 3.0E-12 4.48-11 

8 -235 1.88-8 1.88-8 1.81-8 1.98-8 2.1E-8 1.68-11 1.6E-11 1.6E-11 1.6E-11 1.9E-11 
8-236 2.78-7 2.78-7 2.78-7, 2.8E-7 3.7E-7 2.42710 2.4E-10 2.4E-10 2.58-10 3.21-10 
U-238 3.38-7 3.3E-7 3.31-7 3.3E-7 3.3E-7 2.91-10% 2.98-10 2.98-10 2.98-10 2.91-10 

Neptunium 1652.000 Np-237 7.18-4 7.11-4 7.11-4 7.1E-4 7.18-4 6.21-7 6.2E-7 6.28-7 6.2E-7 6.2E-7 
Plutonium 5049.000 Pu-238 6.18-2 2.8E-2 5.9E-3 1.31-4 4.18-23 5.41-5 2.5S -5 5.2S-6 1.2E-7 3.68-26 

Pu-239 4.08-2 4.08-2 4.18-2 4.1E-2 4.7E-2 , 3.5E-5 3.61-5 3.68-5 3.68-5 4.18-5 
Pu-240 6.7E-2 6.61-2 6.4E-2 .3.68-2 5.9E-5 , 5.91-5 5.9E-5 5.8E-5 5.6E-5 3.2E-5 
Pu-242 2.2E-4 2.28-4 2.21-4 _2.3E-4. 3.3E-4 1.98-7 1.9E-7 2.0E-7 2.08-7 2.98-7 

Americium 32.380 Am-241 3.2 3.1 3.0 2.8 1.9E-3 2.8E-4 2.71-4 2.7E-4 2.31-4 1.7E-4 
Am-243 1.6E-2 1.98-2 2.4E-2 4.6E-2 0.20 1.4E-6 1.6E-6 2.2E-6 4.08-6 1.8E-5 

Curium 0.381 Cm-244 0.66 1.58-2 7.18-6 3.68-14 0.0 	, 5.8E-4 1.3E-5 6.31-9 3.2E-17 0.0 

Note: 	The volume of brine is 0.44 m3  made available by brine thermal migration with a threshold thermal gradient. 

less applicable for this preliminary analysis. More specifically, carbon solubility data could be controlled by_kinetics and not by equilibrium!, 
conditions. 	 _ 

(b) Maximum value during the period 300 years to 10,000 years. 

(a) Various other solubility data exists, some with higher and some with lower values for various nuclides. These other data may be no more or no 

(e) SPA, 1985a. 



ratios provides a perspective toward actions which would help to meet these standards.' 
Cesium-137 will decay:radioactively to meet:the 	at-Only 490 !years, even though -.- 
830 years are required for meeting NRC limits.. Since.either of these durations is much 
time than the travel time to the accessible environment. boundary along any realistic pathwayi-1 
cesium-137 is of little significance in meeting EPA criteria. ' Furthermore,. even brine volume -' 
saturation-limited releases are probably not physically attainable because of the omission in 
the calculations of many retarding :  factors. 

The 10 CFR Part 60 standards are met if the expected conditions prevail (i.e., that the 
waste package remains intact for a very long time). ,  Even if a ,package fails, _the .brine would 
have been consumed up to that time and other factors retard releases;,thus waste form releases-, 
would : be limited.. These bounding calculations, assuming no thermal gradient.threshold'for ,  
brine migration, no brine consumed by chemical reaction (after package failure),-and.package:‹ : : 
failure, indicate that cesium-137 iethe limiting nuclide and, ignoring factors:other-than .•-.:,. 
waste form specification of 10-4 , that the package _would have to lastabout -430 years to.teet ,-  
10 CFR Part 60. 

6.4.2.3.5 .  Geologic Subsystem Performance.  The performance of thegeologiceubsystem for. 
a salt repositorvis-reflected -primarily by considerations of "thefollowing: 111).the 
migration of brine toward the heat sources provided by the waste packages, (2,) the.poisible - , 
mobility of brine by diffusiOn away from waste packages.after paCkege failure:with:dissolved ' 
radionuclides, and (3) the flow of-ground water toward the accessible environment with '. 
dissolved, radionuclides if 'radioactivity.  .has been encountered by the'ground water for env -
reason. The presence,ofe disturbed zone in which accelerated flow might occur is .  
hypothesizediry.10 CFR Part 60. :The extent of the disturbed zone is estimated, and for the 
purposes of these analyses, any travel time required to transit the disturbed zone is not 
included. In addition, inadequate or faulty 'shaft seals might affect radionuclide transport. 
Seal performance will be discussed:  

Brine migration toward heat sources was described in Section 0.4.2.3.2; brine movement 
away from the waste bye diffusion-like process and the possibility of ground -water,flow.in 
intact salt, and through or around seals, is described in this section.:. In addition,:ground-- 
water flow in nearby aquifers issdescribed in this:section. 

Estimation of the Extent of the Disturbed Zone..  The disturbed zone is defined as, "that 
portion of the controlled area, excluding shafts, whose physical or chemical properties are 
predicted to change as a result of underground facility construction or heat generated by the 
emplaced radioactive waste such, that the resultant change of properties could have a signifi-
cant effect on the performance of the geologic repository" -(DOE General Guidelines for , 
Recommendation of Sites for Nuclear Waste Repositories, May 14,'"1984, p. 3). The definition 
is consistent with that given in 10 CFR Part 60; however, in order to be useful, the dimen-
sions of the disturbed zone must be quantified. An estimate of these dimensions is given in 
Appendix 6-A. 

Several processes and phenomena that could affect the rock surrounding the repository• are' 
discussed in Appendix 6-A. Results show the following estimates for disturbed zone size:- 

Disturbance , Range 

Mechanical ' 	Less,than.15-meters149 feet) 

Chemical 	Probably insignificant 

Thermomechanical 	Disturbance.tends to close openings and heal host rock!fractures 

Thermalhydrologic 	About 10 meters (331eet) 

Radiation. 	Less than 1 meter -(3.3.Teet) 
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On the basis• of this discussion, the disturbed zone from all disturbances (excluding 
thermal) should not exceed 15 meters (49 feet). Mechanical disturbance is a function of the 
mining and rock parameters. Therefore, when site-specific data are obtained at the repository 
horizon, mine design and field measurements will determine the amount and impact of the 
"mechanical" 'contribution to the disturbed zone. 

Brine Mobility Away From Waste.  McNulty at al. (1985) give the equations' that govern the 
transport of brine away from the waste package under a diffusion-like mechanism. Under 
expected repository conditions (Section 6.4.2.3.2), brine migration caused by temperature-
dependent solubility will first drive• brine towards the waste package. However, these diffu-
sion analyses can ignore the relatively short times required for brine accumulation around the 
waste package. The analyses assume that all temperature gradients have dissipated and, conse-
quently, the thermally driven brine transport has already occurred. The data used in the 
analyses consist of an empirical diffusion coefficient and total expected brine volumes 
accumulated around the waste package (McCauley and Raines, 1985). 

Knuth (1982) gives data for the distribution of water in salt surrounding a brine pocket 
associated with a sediment inclusion in a salt nine in Weeks Island dome. Knuth used the 
vacuum volatilization technique of Knauth and Kumar (1981) to measure the water content of 
salt specimens sampled at various distances from the brine pocket. An empirical brine diffu-
sion coefficient of 4.9 x 10-12  square meter per second (1.5 x 10 -4  square meter per year) is' 
derived from these data when a diffusion-like process , is assumed and the age of isolation of 
the sediment is assumed to be 75 million years (McNulty et al., 1985). If the sediment were 
included at the time of deposition of the salt, the age is greater than 75 million years. 
However, using lower ages is conservative, because it will maximize the diffusion coefficient. 

It is well known that the mean square of the distance that a particle travels by diffu-
sion from a point source is equal to six times the product of the diffusion coefficient and 
time. Thus, the mean distance traveled with diffusion coefficient, D, in time, t, is equal to 
the square root of 6Dt. Thus, with D =•1.5 x 10 -4  square meter per' year, distances traveled 
are about 3, 10, and 30 meters (9.8, 32.8, and 98 feet) for 10,000, 100,000, and 1 million 
years, respectively. An additional distance of 15 meters (49 feet) may be added to allow for 
the disturbed zone. These results indicate that brine moving away from the waste package area 
by this mechanism will be contained within the host rock (Cycle 6 of Paradox salt) for more 
than 100,000 years. This theory is also used to estimate the transport of radioactivity in • 

the host rock in Section 6.4.2.4. 

Possible Darcy Flow in Host Rock.  Ground-water movement through host rock in response to 
a hydraulic gradient is one of the major factors of interest in defining the expected long-
term (postclosure) performance of a repository. Such a movement of ground water is, in part, ' 
controlled by the apparent bulk permeability of the host rock and is normally calculated by 
Darcy flow theory. Although there• is little question that salt has void spaces (Lorenz et 
al., 1981); whether these voids are interconnected is uncertain. The behavior of salt under 
confining pressures, such as exist at repository depth, tends to close passageways at crystal 
interfaces. , Thusi it is not certain if Darcy flow occurs in intact salt. The following 
paragraphs assume that it does. 

Experimental determination of rock salt permeabilities has proven problematic. In situ ..•

measurements have yielded permeability estimates for salt of 10-4  millidarcys to less than 
10-4  millidarcys (below measurement limit) (Acres American, Inc., 1979, Tables 4 and 5). 
These measurements were taken from salt pillars within mining excavations. The higher values 
were measured near the pillar wall and the lower values were measured deeper into the pillar 
where the salt was less disturbed. Laboratory permeability tests on rock salt indicate that 
care must•be taken in procedure and interpretation because cores are easily damaged and the 
intercrystalline boundaries relax as the sample is removed from the in situ stress field (Tien 
et al., 1983, MUREG/CR-3129, p. 209; Bear, 1977). 	 r 

Hydraulic properties within the Paradox Pormatibn are highly variable depending on what 
lithology is being tested (e.g., dolomite, shale, anhydrite, or salt). Given that the 
regional values have been generated by the oil industry, and that the tested horizons would 
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represent:the most porous - zones:(as identified'on the geophysicallogs), iV,is not surpriiing 
that theiereported values. are relatively high. Values ranging:between 550 , and:0.1 millidarcy 
are reported in Appendix A-6 of the geologic characterization report (WCC, 1982, ONWI-290, 
Vol. V). Drill-stem tests conducted in GD-1 , indicate a -range of:between 7.2 and 0.21 
millidarcy for the tested interbeds. 

The very lo4 tranimiesivity'oUintact - salt-makei direCt-obiervition Of-fluid movement 
difficult. This-difficult]resultifin uncertainty ittmodeling fluid movement' through salt. 
To account for this uneertainty,:a salt permeability range of 10 -7 =tot10-2  Millidarcy 
(8.3 z 10-11  to 8.3 z 10-6  Meter per day) was used to evaluate the sensitivity of ground-water 
travel times through the host salt to permeability. Darden flow (porous media) was assumed. 
Salt permeability of 107 2 jmillidarcy(8.3 z-10,6  meter per day) in:the verticaldirection is 
considered to bejargerthan:the upper bound.for this parameterrthe lower:bound is considered 
to be zero. Thus, the range of salt permeabilities used'is considered to be conservative with 
respect to ground-water travel times in the host salt. 

Performance of Shaft Seals. Preliminary analyses (INTERA, 1984, ONWI-.503, Table ES-4; 
Guregbian et al., 1983, ONWI-494, p. 41) show that ground-water flow around and through the 
shaft-seal system will probably be very small. Thus, the shaft-seal' system will likely not 
contribute significant quantities of water to , the repository. Final Rule 10 CFR 60.134 
states; 

Seals for shafts and boreholes shall be designed so that following 
Jpermament closure they do not become pathways that compromise the'geologic 
repository's ability to meet the performance• objectives' for the period 
following permanent closure. 

The DOE will demonstrate that the seal design will function as intended before construc-
tion authorization a granted (NRC, 1983, 10 CFR 60.31). The design process will be' conducted 
in concert with performance atseisments until a design is achieved that is predicted to func-
tion as required.-The shaft-seal system will use methods 'of construction' and materials 
selected to reduce preferential,water-flow pathways to meet the requirements of 10 CFR 60.134 
(Kelsall et al., 1982, ONWI-405; Burns et al., 1982; Christensen and Bunter, 1981). To cause 
an impact, an unlikely failure must occur withifi 70 years to provide sufficient ground-water 
flow, prior to expected creep closure of the backfilled repositoryp'to fill-the voids in the 
crushed salt backfill (INTERA, 1985 BMI/ONWI-553). 

Calculations (GUreghian et el., 1983, 015/1-494, pp. 20-31) for a hypothetical repository 
in the Paradox Basin, using generic properties, show that the expected penetration time for 
ground water to reach repository level is at least tens of thousands of years. The order of 
magnitude of this result is expected to be applicable for a repository at any salt site under 
consideration. Thus, the likelihood of any ground water reaching the repository storage rooms 
is reduced. Given the planned sequential emplacement of waste -canipters, - and backfilling of 
storage rooms 1 year after waste has been emplaced (BCC, 1984, pp. 5-15), creep closure of the 
repository rooms will be under way before engineered closure of the repository. Placement of 
bulkheads in the repository, will provide a temporary seal until creep closure is complete. 

Thus, a successful seal system will not impact the expected perfoXmance of a repository 
in salt. This fact must be conclusively demonstrated during site characterization and other 
future activities. L - 

Pre-Waste-Emplacement Ground-Mater F1O4 Paths and'Travel Times. :Theleologid'and 
hydrologic conditions in the region around the candidate area and the Davis Canyon'site are 
presented in Sections 3.2 and 3.3. Several conceptual models of the regional ground-water 
flow systeMWithin the Paradox Basin hivebeen developed (INTERA,'19844:0NWI-503; Andrews 
eta1.4- 4984;' Dunbar , and ,Thackston“9850111/ONWI-571). The 'regional ground-water model
analyses are used to evaluate the effects of long-term climatic changes (discussed later in 
this-sectiOn)'and . to 'define the ranges of:hydraulit gradients forlocal'groUrid-witer - flow 
modeling toestimaie-Prewiste-emplacement ground-water travel 

rtm?..."' 	• 
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Although the models developed to date use different conceptualizations of the hydregeo-
logic setting, the following, general conclusions reached by , these models are consistent: , 

(1) The regional  vertical hydraulic gradient between the upper and.lower;-' 	, ' 
hydrostratigraphic units is generally downward.• 

(2) The horizontal hydraulic gradients in the upeer-hydrostratigraphic 
unit is about 0.0014 and ranges from 0.0023 to 04045 in the lower hydro-
stratigraphic unit (INTERA, 1984, ONWI-503; Andrews et al. k 1984,. , 
Table; 3-3). 

(3) The ground-water discharge area for the lower hydrostratigraphic unit 
is uncertain and depends on the vertical permeability across the evaporite 
aquitard in the middle hydrostratigraphicunit.  

(4) The anticipated ground-water travel times from possible repository 
sites to eventual ground-water discharge locations are extremely long. -. 
,The princitel differences-in the travel-time estimates are duo to the 
uncertainty in the permeability of salt and other media of low permea-
bility in the middle hydrostratigraphic unit.  

Defining the likely ground-water flow mechanism is an important consideration in the 
evaluation of ground-water travel paths and travel times.. In order to address this issue, a 
panel of hydrologists was convened by the-Department of Energy (DOE) (ONWI, 1985) specifically 
to evaluate ground-water , flow in fractures of the Palo Duro Basin Texas, and also to make 
evaluations on all sites in other regions. The following are their broad recommendations 
regarding pre-waste-emplacement ground-water travel time analyses for the bedded sites: 

(1) Porous-media • flow should be' considered as the mostiprobable,flow path 
through the sediMentary strata. However, because of theuncertainties, 
the porous flow paths and resultant travel; time should be stochastically 
evaluated using realistic distributions for all the key parameters. 

(2) A low-probability fracture-controlled pathway should also be con- 
, 	sidered. Some;  analyses should be carried out assuming a vertical linea- 

ment feature penetrating the sedimentary stratigraphic.sequencein the 
vicinity of the repository which provides higher permeability and lower 
effective porosity in, the more brittle rock units only, and porous-media .  

flow through the salts. 

(3) Fracture-, fissure-, or fault-geuerated hydrologic pathways through 
the halite-rich units should not be considered due to lack of credible 
evidence for their existence at this stage. 

(4) Similar travel-time calculations and analyses could be made for the 
Paradox Basin sites in Utah which have a similar geologic setting. 

(5) Site characterization plans should include some emphasis on charac-
terizing the location, extent, and hydraulic significance of both linea-
ment features on the surface and structural features extending from the 
basement. 	 IT 

These recommendations have ,  been followed in the local ground-water flow modeling 
conducted to evaluate pre-waste-emplacement travel , paths, travel times, and their, uncertainty.  

Small-scale lithologic heterogeneities control -the ground-water travel path from.the edge ,  
of the disturbed zone to the accessible environment. In a stratified geologic environment 
consisting of heterogeneous layers of differing lithologies (salts, anhydrite, dolomite, 
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siltstone, etc.), the ground-water travel path to the regulatory accessible environment is a 
function of the permeability of the varying lithologies, the horizontal and vertical hydraulic 
gradients within each layer, and the thicknesi and continuity of each layer. Becauie all of 
these values are uncertain, the expected travel path and travel time along this path to the 
accessible environment are also uncertain: In order to quantify this uncertainty, a computer 
code, ?TRACK (Thompson et al., 1985), has been developed to evaluate probability distributions 
of particle,trajectories from given distributions ef hydrogeologic parameters. PTRACK uses 
the Latin Hypercube Sampling technique (Iman and Shortencarier, 1984, NUREG/CR-3624) to Sample 
from input distributions of uncertain parameters, and then to calculate trajectories and 
travel times from the edge of the disturbed zone to the accessible environment. PTRACK is 
designed to evaluate the impact of data uncertainties, not the:uncertainties associated with 
the hydrologic conceptual model. The output from PTRACK consists of the statistics (mein and 
variance) of the travel time distributions, as well as graphic displays oUthe travel-path, 
travel-time histogram, and complementary distribution function; 

The Davis Canyon site is modeled as having 21 horizontal layers Oigure 6-19) which 
represent differing lithologies (based on informatio from the'Cibson Dome No. 1 well). ,Eath 
layer is assigned a value for permeability, porosity; horizontal gradient,,and total dissolved 
solids (TDS). These values are determined by sampling for each trial frpm.parameter distribu-
tions. The vertical hydraulic gradient is computed using environmental heads (Lusczynski, 
1961) which are determined from observed pressures'in, at most, three horizontal layers. The 
use of environmental heads for - calculating vertical hydraulic gradients takes into account the 
varying density of the fluids between the vertically separated pressure measurement points. 
The values for pressure and TDS used in the calculation of environmentalhead are also consid-
ered to have probability distributions. ,  For the saline fluids which exist in a bedded salt 
environment, the TDS of the fluid is the most prominent (compared to temperature and pressure 
variations) parameter that controls the fluid density (Muller et al., 1981, SAND81-0557). 
PTRACK accounts for the TDS variations in each layer. The vertical gradient within each layer 
between any two environmental head elevations (except the top and bottom layers, which are 
considered to he aquifers with predominantly horizontal gradients) is computed assuming a 
uniform vertical flux across each layer. This vertical flux is not modified by the variable 
horizontal flux between different layers. 

The relevant geohydrologic properties are assumed to be homogeneoua within each layer for 
a given trial. This implies that each sampled parameter is:constant over distances of several 
kilometers. If the horizontal correlation length of a given property fp significantly less 
than several kilometers, the appropriate average property over that distance has amuck' 
tighter distribution (small variance) than the entire distribution of all observed values. 
Hence, using the entire distribution (as is done in,PTRACK) treates a broader travel time 
distribution, i.e., an increased probability of very shOrt and very long travel times, which 
is considered conservative from a performance assessment peripective. 

Because of the well-stratified geologic environment thit existi in the Paradox Basin in 
general and in the Davis Canyon site in particular, the observed geology at the Gibson Dome 
No. 1 well $5 used for local stale ground-water modeling to estiiste trfvel-time distributions 
to the 1 kilometer (0.6 mile) ccessible environment as defined in this report. The coa- 

1 
tinuity and thickness of each ayes are considered constant within the modeled region. The 
permeable sandstones within th Elephant Canyon Formition are considered to represent the 
uppermost aquifer of interest,:while the LeadvillelLimestone represents the lowermost aquifer. 
The strata between the Leadville4nd Elephant Canyon Formations include 19 layers. The 
lithologies include salt (Salt Cycles 5, 6, 7, 8,1, 10, and 13 through 26 of the Paradox 
Formation), dolomite/limeatone/anhydrite/siltstone inierbeds of the Paredox Formation, 
sandstone/siltstone (Elephant Canyon and permeablee cisandstones in the Ronaker Trail), limestone 
(upper and lower Honker Trail, Pinkerton Trail an Leadville), and shale (Molas). 

. 	- 
To address uncertainties in hydrogeologic parameters (permeability, porosity, vertical 

pressure distribution, horizontal hydraulic gradients, and total dissolved solids) affecting 
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Formation 

ground-water travel time estimates, a range of values for each parameter has been considered 
(Andrews et al., 1985) as described below. The ranges are described here by presenting one-
chance-in-1,000 values which correspond to 3.1 standard deviations from the mean. These 
ranges are based on regiOnal distributions and the uncertainty in the measurements conducted 
in the, Gibson Dome'No. 1 well. The stochastic analysis does not address uncertainties in the 
conceptual models. However, very conservative assumptions, which should cover these 
uncertainties, were used and the values given here should be conservative. 

• 	. 
The pressures used in evaluating the vertical hydraulic gradients are based on obser-

vations made at Gibson Dome No. 1 by Thackston et al. (1984, CUWI-491, Table 3-12). The 
average equivalent freshwater head of the three Cedar Mesa and•Elephant Canyon pressure 
measurements is 1,476 meters (4,843 feet), plus or minus 41 meters (135 feet). The average 
equivalent freshwater head in the Leadville Limestone is 1,341 meters•(4,400 feet) plus or 
minus 46 meters (150 feet). 'These values have been converted to pressures at depth for input 
to PTRACK to estimate the environmental heads used for defining the vertical hydraulic 
gradient. The observed pressures within the low permeability strata of the lower portions of 
the Honaker Trail and the interbeds within the Paradox Formation are erratic, indicating the 
lack of hydraulic communication'across the middle hydrostratigraphic unit. The observed 
pressure variability, if real, could imply downward or upward hydraulic gradients across the 
proposed host salt (Salt Cycle ,6). In order to address both potential , flow directions, the 
average equivalent freshwater head in the lower portion of the Honaker Trail (922 meters 
[3,025 feet] plus or minus 53 meters [175 feet]) and the Ismay section of the Paradox Forma-
tion (1,629 meters [5,346 feet], plus or minus 91 meters [300 feet]) have been used in sepa-
rate analyses of likely travel= paths and travel times (Andrews et al., 1985). These values 
have been converted to pressures at depth for input to PTRACK. 

The permeability distributions used for each layer are based on either regional per-
meability distributions, , laboratory and in situ tests conducted at Gibson Dome No. 1, or 
generic rock permeability ranges. The Leadville permeability distributipn is based on the 
89 observations displayed in Figures 3-59. The permeability distributions in the Pinkerton 
Trail, Moles, and Paradox interbeds are assumed to be log normally distributed with a range 
from 11.0 to 5.4 z 10-5  millidarcys. -This corresponds to the maximum and minimum values 
observed in the short and long term hydrologic tests conducted inlibson Dome No. 1 (Thackston 
et al., 1984, ONWI-491). The Paradox interbeds are assigned a range from 11.0 to 5.4 z 
10-5  millidarcys in order to capture the questionable early time data of the short-term tests. 
The permeability distributions in the upper and lower Honaker Trail, the Honaker Trail sand-
stone beds, and the Elephant Canyon siltstones are all considered to be loi normally 
distributed with ranges (generated from Gibson Dome No. 1 tests) of 0.24 to 2.4 z 10 -5  
millidarcys, 17.0 to 0.24 millidatcys and 7.3 x 10 -3  to 7.8 x 10-4  millidarcys, respectively. 
The permeabilityrange for the most permeable beds in the Elephant Canyon is from 87 to ' 
25 millidarcies. The permeabilities of each salt layer were assumed to be log normally 
distributed with a range from 10-2-to 10-7  millidarcys. The maximum value.of this range 
captures the maximum observed laboratory values conducted at in Situ confining pressures and 
the maximum observed in situ values. 

The porosity distributions used for each layer are generally based on laboratory core 
data present in Thackston et al. (1984, OWI-491). i The salt porosities have been inferred 
from resistivity logs in the Palo Duro Basin (Andrews et al., 1985). All porosities are 
assumed to be normally distributed. /he porosity ranges used are defined below. 

Porosity Range (/),.-:  

Elephant Canyon sandstone 5.2.- 12.5 
Honaker Trail carbonate -1.3 - 	5.4 
Honaker Trail sandstone . 10.0 - 15.5 
Ismay 0.6 - 	7.9 
Paradox salt beds 0.3 - 	1.64 

; Paradox interbeds, 	. 0.6 - 12.6 
(Pinkerton Trail andLMolas) 

Leadville Limestone 
	

15.. 

6-261 

TOilt; 	Via 	5%. 



-,.. Horizontal Hydraulic Gradient >' 
Minimum - i Mode 	Maximum 

• 	 , 

Elephant .Canyon - 
lionaker Trail (upper). 
Honaker Trail (lower) ,  
Paradox Call salts and- 

.013 

.013 
..• .033 

.012 . 

	

. .014 	.017 

	

.019• 	.020.. 

	

.038 	.040 

	

.014 	.033 

-The generally accepted positive correlation between permeability- and porosity:has not: --.. 
been incorporated in ,  the travel: path and: travel time analyses described below. Againi:this -is 

	

conservative assumption- from an expected.performante-perspective. 	I 	I- -- 

'^; 	1% 	: ' 	 t 	 . 

.,It is.generally. accepted- that the,LeadviIle , Limestono-is fractured (Thaekston 

	

1984, 014/1-4911 Section 3.3.2).i. To accouht4for this in the travel-path% anCtravel-time../ , 	- 
assessment, the matrix. porosity ,  distribution,of thelLeadville Limestone was reduced by-&-..2 
factor of 100, yielding a range of 0.11 to 0.15 percent for all trials. The other layers in 
the analyses of the: expected' travel, path and:travel. time.are-not considered to be, fractured 
or, if they are,, the fractures have been; healed.: If -t the-othet layers de:contain water-bearing 
fractures, then travel times would be less than the- calculated:values. 

,1 	 ,:-, 
The ground water- within, 	 interbed all7evaporite and interbelayers in the vicinity of the Davis 	3 

Canyon site is considered to be. salt saturated with- &TDB Content of 350,000 milligrams. per- .- 
liter. The TDS•content' of the Leadville Limestone is cOnsidered to havef a normal distribution:.-x 
with a range from 70,633 to 88,633 milligrams.per liter.:- The- total. dissolved- sends- (TDS). .of 

	

ground water, in the Pinkertont Traill an& Moles. icconeidered-to be equivalent to that observed - as 
 the Leadville Limestone. - The, TDS content , ef their Honaker Trail water' is - ,alscoasstmledrto. 	r 

have a normal distribution. with, a, range from 85,000 to 155,000.milligram& per liter, based on.  
observations at Gibson Dome Ea. 1. The-Elephant Canyon has - a TDS content of-about 6,400 mil-. 
ligrams per liter: 11: 1,000 milligrams: per literi-,while the -  Cedar Mesa- ground water is generally. 
fresh (i.e., less than 4000 milligrams per litei). 

  : 	 7 	 . 	1.  
The horizontal hydraulic gradient.used in the. analyses of ground-water travel paths and - 

travel times is considered to vary (Andrews -  at al., 1985). :Triangular distributions have been 
used for each layer as defined below. 

interbeds), Pinkerton , 
Trail and Moles 

Leadville Limestone 	 .0045 	.0058,  , .0065  
_I 

The above distributions have been sampled for 1,000 realizations. (representations, of the 
ground-water system by selecting combinations of geohydrologic parameters) for the travel-path-7 
and travel-time analyses for the distance from the disturbed zone to the accessible environ-- 
meat (Andrews et al., 1985). If the disturbed zone Li -assumed ta extend ta 15 meters beyond::' :  

the limitslof the.repository excavation,- some of the ground-water travel path to the access- 
ible environment would likely be within Paradox Salt Cycle 6 (the hose rock) before reaching - 
the overlying or underlying interbed. Given the uncertainty in defining the extent of the 
disturbed zone,. the travel paths and travel times presented below conservatively consider the 
disturbed zone to extend outside the Cycle,6 host salt:to the base of the overlying carbonate-S 
interbed and the top of the underlying anhydrite interbed. Therefore; travel time& in the 
host salt are slim added in the total' ground-water travel time estimates to, the I-kilometer 
(0.6-mile) accessible environment. If travel times in the host salt are considered, the 
overall travel time to the accessible enyironmenr is increased 104  to 105  yearslAndrews at 
al., 1985). In addition, -to reflect the uncertainty in the observed pressures in the GD-1 
well within the Ismay and the lower Honaker Trail, two sets of analyses were conducted, one 
with the Ismay observed pressures, and the other with the lower.Honaker Wait pressures to 
address the potential range in flow directions. 	 -i.r 

MACK has been used , to evaliate the most likely travel paths and travel times in porous 
media and the less likely fracture-‘controlled-travel' path and travel times (discussed later). 
The Latin Hypercube sampling technique was used to define 1,000 realizations of the local 
ground-water flow system for porous-media flow analysis. The results of these analyses are 

rt 
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described below in the form of travel-time histograms and cumulative probability distributions 
for travel times. In addition, tables showing the probability of a particle exiting a given 
geologic layer to the 1-kilometer (0.6-mile) accessible environment (as defined in this 
report) are also presented. As EPA regulations state that the controlled area should not 
encompass more than 100 square kilometers (39 square miles) and its boundary should not extend 
over 5 kilometers (3 square miles) in any one direction from the outer boundary of the 
repository (40 CFR 191.12[g], Subpart B) it is possible for the DOE to redefine the controlled 
area following site cearacterization._Sensitivity analyses for distances of 1, 2, 3, 4 and 
5 kilometers have been conducted as described at the end of this section to assess the effect 
on travel time to the accessible environment should the controlled area be adjusted. 

Representative travel_paths to the 1-kilometer (0.6-mile) accessible environment, gener-
ated by PTRACK .and assuming.applied pressures in the Ismay, are downward. If the Honker 
Trail presaure is used in the analysis, all paths are upward. Uncertainty in the flow 
direction is -directly'related to the uncertainty in the hydrologic sienificance of the 
observed pressures within the low permeability strata at Gibson Dome No. 1. While the overall 
gradient between the upper and lower hydrostratigraphic units is downward, either local upward 
or downward gradients may be present within the salt section. 

The distribution of travel paths is best represented by examining 'the layer from which '  

each particle exits .to the accessible environment. The relative fraction of particles which 
exit from different layers, considering both the Ismay and Honker Trail pressures, is 
presented in Table 6-34. 'When flow is downward, interbeds in the Paradox Formation are the 
preferred exit layers. When flow is upward, the lower Honker Trail is the preferred exit 
layer (in fact, particles cannot travel farther up the section due to the convergent flow). 

The travel-time histograms and complementary cumulative distribution functions for the 
differing mid-point pressures (Honker Trail and Ismay), and distances to the accessible 
environment are illustrated in Figures 6-20 and 6-21. As expected,the travel-time 
distribution is quite broad due to the broad ranges in hydrologic properties. Mile the 
travel path (upward or downward) depends on the mid-point pressure used in the analysis, the., 
travel time distributions are quite similar. 

From a performance perspective, the probability of a travel time being less than 
1,000 years or 10,000 years is important. As summarized in Table 6-35, the probability of not 
meeting the 1,000 year travel time criteria, even given the conservative assumptions enumer-
ated above, is 0.003. That is, there are three estimated travel times less than 1,000 years 
in 1,000 trials. The probability of not meeting the 10,000 year criteria is 0.045. The mean 
travel time is considered to describe the expected condition while the median travel time is 
also a measure of central tendency and is a more conservative value. The uncertainly in this 
value is depicted in the travel-time histograms (Figure 6-20). 	- 

The expected condition for ground-water flow in the vicinity of the Davis Canyon site is 
porous media flow as was assumed in caleulating the travel times and probabilities given 
above. Fracture-controlled pathways near the site are considered unlikely. Nonetheless, as a 
result of considering peer review panel recommendations, analyses were conducted to address 
unlikely pathways. The analyses discussed below are primarily to evaluate and provide an 
understanding of the potential effects of fracture-controlled pathways if such pathways are 
found during site characterization. 

To evaluate the effects of potential fracturi-controlled pathways on the travel-time 
distribution, the following assumptions were included in the additional analyses using the 
PTRACK models (1) the faults delineated on maps of McCleary et al. (1983, OBW1-485) penetrate 
the sedimentary sequence, and (2) these features provide for higher permeability and lower 
effective porosities in the more brittle rock units. No data on the probability of fracture 
zones intersecting likely particle travel paths are available. Using the spatial distribution 
of surficial features (McCleary et al., 1983, ONWI-485), 1,000 random repository (2-kilometer 
[1.2-mile] effective radius) centroid locations were located to evaluate the minimum distance 
to a potential fracture zone in the expected particle direction down gradient from the reposi-
tory (Andrews et al., 1985). This information is used to define the distance a particle moves 
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Table 6-34. Particle Exit Layer DistribUtions Prom f,000 

' • 	Realizations of Davis Canyon Local. Cround-Water - 
System; 1-kilometer' Accessible Environment 
(Likely porous media flow) 

DistributiOi Based on, DistributiOn Based - on 
loamy-  PresiUral 	" Honaker Trail. Pressure 

Honaker Trail (upper) 
Honaker Trail sandstone 
Honaker Trail (lOwer) ,  
Ismay 
Paradox Salt Cycle. 5 .  
Paradox Salt Cycle 5‘ interbed' 
Paradox Salt- Cycle 6  
Paradox Salt' Cycle 6 inierbed. 
Paradox Salt Cycle 7 
Paradox Salt Cycle 7 interbed 
Paradox Salt Cycle 
Paradox Salt Cycle B. interbad:  - - 
Paradox• Salt Cycle' 9 
Paradox Salt Cycle 9 interbed 
Paradox Salt Cycle 10 
Paradok Salt Cycle 10 interbed 
Paradox Salt Cycles 13-26 
Pinkerton Trail 
Molas  
Leadville LiMestsona 

0.331 

0.003 
04165 :  
0.002 
0.226. , 

0.003 

0.088_ 
0.013 
0.039 
0.015 
0.008 
Lon 

Note: '•Repreientatives' of ground-Water System by.  selecting coinbinations.','of • 
geohydrologic parable:term: 	 ' 	• 
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100 	101 	102  '103 	104 105 	106  107 	108 

Ground-Water Travel Time (Years) 

Explanation 

Analysis With 
Honaker Trail Pressure 

Mean (yrs.) • 9.5 x 105  
Median (yrs.) • 3.2 x 10 5  

Analysis With 
Ismay Pressure 

Mean (yrs.) • 4.1 x 10 5  
Median (yrs.) • 2.4 x 105  

Nate: Pre-Waste iMplicement PrOund-Water travel 
times from disturbed zone to 1 km 
'accessible environment, based on 
1,000 tOMbinations of geohydrologic 
parameters. -  - 	- 

0.5 

0.4 

0.1 . 

0.0 

0.3 

Relative 
Frequency 

0.2 

Relative Frequency of Ground-Water 
Travel Times for Likely Conditions of 

Porous Media Flow 
Davis Canyon' 

Figure 6-20  

93 x 105  Yrs. Mean (HTP) 

4.1 x 105 Yrs. Mean (Ismay) — 

2.4 x 105  Yrs. Median (Ismay) 

3.2 x 105  Yrs. Median (HTP) 	 

ur 
- I 

t I 
I I 

I 
I I rr 
I I 
I I 



1,000 
Yrs. 

10.000 
Yrs. 

0.6 

Complementary 
Cumulative 
Frequency 

Analyses 
With Ismay 
Pressures 

0.4 

0.3 
Analyses With 
Honaker Trail 
Pressures 

0.2 

0.0 	  

100 	101 	102  103 	104 	105 	106 	107  108 

Ground-Water Travel Time (Years) 

Analysis With 
 Ismay Pressure 

95th Percentile • 1.1 x 104  
501h Percentile • 2.4 x 10 5  

5th Percentile s 1.4 x 106  

Analysis With 
Honaker Trail Pressure 

95th Percentile a 1.0 x 104  
50th Percentile ■ 3.2 x 105  

5th Percentile a 3.8 x 106  

Note: Pre-waste emplacement ground•water travel 
times from disturbed zone to 1 km 
accessible environment. based on 
1.000 combinations of geohydrologic 
parameters. 

Complementary Cumulative Frequency of 
Ground-Water Travel Times for Likely 

Conditions of Porous Media 
Davis Canyon 

Figure 6-21 
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, • 78b1e ,6735. ,summaryrof Travel-Time' Results. with :171rilometer 
Accessible Environment and Porous Flow, ;' 
(likely conditions)' 

Probability of Travel Time 	Travel Time, 
1,000 years 	10,000 years„ Median (Years) 

r 

Ismay Pressure 

llonaker Trail Pressures 

0.003 

0.003 

0.045 

0.045 

2.4 x 105  

3.2 x 105 . 

NotespRepresentativeS of ground7water , system by selecting combinations of 
geohydrologic parameters. Assumes open and continuous fractures. 

t .  
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before intersecting a fracture zone. Within the fracture zone, the ground-water flux is con-
sidered to be unchanged and velocity increases by a factor of 100. When a particle intersects 
a fracture zone within a brittle unit, the particle is assumed to stay within the fracture 
zone for the remaining distance to the accessible environment. 

The distribution of particle exit layers for unlikely pathways is given in Table 6-36. 
The calculated travel-time distributions are illustrated in Figures 6-22 and 6-23. With the 
Ismay and Honker Trail pressures, the probabilities of unlikely pathways travel times being 
less than 1,000 years are 0.074 and 0.075 respectively, and the probability for being less 
than 10,000 years is 0.214 for both cases (Table 6-37). 

40 CFR 191 limits the controlled area to a maximum of 100 square kilometers (39 square 
miles). Repository location after site characterization will identify distance to the con-
trolled area boundary (which will be considered the accessible environment). As the distance 
to the accessible environment may differ from 1 kilometer (0.6 mile) following site charac-
terization, analyses have been performed with accessible environment distances of 1, 2, 3, 4, 
and 5 kilometers (0.6, 1.2, 1.9; 2.5 and•3:1'ille0)qTible 6-38). These sensitivity analyses 
provide an understanding of probabilities of grouid-water''travel times with variable distances 
to the controlled area boundary. 

Numerous , conservative,assumptions have been included in the travel-time analysesfor 
likely and unlikely pathwaYs. These assumptions tend -to iithei broaden the range of travel 
times (raise the , high values and lower the low , valuee).or shift the entire distribution to 
lesser travel-time values. The extreme ranges (lowei and higher) of the travel-time estimates 
should be considered in the proper perspective of the.following.basic assumptions.(Andrews et 
al., 1985): 

1. The accessible environment is at 1 kilometer (0.6 mile) from the disturbed zone. 

2. The disturbed zone extends into the overlying and, underlying brittle interbeds 
(i.e., taking no credit for travel time in the host salt unit). 

3. There is a• lack_ of dorielation between' input parameters (suCh"as petmeability and 
porosity). 

4. There is a lack of spatial correlation of hydrologic parameters. 

5. Resistivity logs are used to define in situ porosities. 

6. Fracture-controlled pathways are parallel to ground-water flow path. 

7. Particles entering a fracture stay in the fracture-controlled pathway until they 
reach the accessible environment. 

Even with the above assumptions, the Davis Canyon site meets the travel time requirements 
specified by 10 CFR Part 60. 

Various tectonic, climatic, and geomorphic processes that could modify the present 
ground-water flow regime are difficult to predict. To evaluate the effects of these processes 
on the existing ground-water flow regime the system was perturbed. Although the response of 
the system to perturbations would likely be transient (i.e., some period of time would be 
required to propagate the perturbation through the geologic media), only steady-state 
responses are analyzed and reported herein. Further details of these analyses are contained 
in Andrews et al. (1984). 

A perturbation that could affect regional geohydrology is renewed movement along faults 
that cut through the Paradox Formation. Such reactivation could increase the vertical permea-
bility along the discontinuities. The effect of this perturbation was analyzed by increasing 
the vertical permeability by a factor of 10 at the Verdure Graben-Abajo Laccolith intersec-
tion, at Shay Graben, and at Lockhart Basin. These modifications produced essentially no 
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Table 6-36. Particle Exit Layer Distribvtion for 1,000 Realizations of 
Davis Canyon Local Cround-Water System, 1-kilometer 
Accessible Environment (Unlikely fracture-dominated flow) 

Ismay Pressure Honker Trail Pressure 

Elephant Canyon 
'Honker -Trail (upper)  
Honker Trail sandstone 
!Honker Trail (lower). 0.131 
!Ismay 0.123 
Paradox:Salt Cycle 5 
Raradox:Salt Cycle 5 interbed .046 
laradoxIalt Cycle 6 
ParadoZ Salt Cycle 6 interbed 0.501 
Paradox:Salt Cycle 7 0.003 
Paradox:Salt Cycle-Tinterbed 0.119 
Paradox Salt Cycle 8 , 0.002 
ParadoxSalt Cycle 6 interbed 0.165 
laradoxSalt Cycle 9 7: 	: 0.001 
1ParadoxIalt Cycle 9 interbed. 0.099 
`Parado0alt Cycle 10 0.001 
'Paradox;, alt Cycle 10.interbed ' 0.053 
laradoxSalt Cycles 13-26 0.0Q5 
PinkertOn trail 0.033 
Moles 	. 	, 0.013 
Leadville Limestone 0.005 

1.000 1.000 

Vote: Representatives vf ground-water system by selecting combination of 
geohydrOlegiCperameters. 

• 

• . 

• 

• 
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0.5 • 	 

7.1 x 105 Yrs. Mean (HIP) 

3.0 x 105 Yrs. Mean (Ismay) 

1.2 x-105  Yrs. Median(Ismay) 

1.3 x 105 .Yrs. Median (HTP) 	 

0.4 

0.3 

Relative 
Frequency 

0.2 

0.1 

0.0 

100 	101 	102 	103 
	

104 
	

105 	106 
	

107 . 100  

Ground-Water Travel Time (Years).  
Explanation 

Analysis With 
Honaker Trail Pressure 

Mean (yrs.) • 7.1 x 105  
Median (yrs.) • 1.3 x 10 5  

Analysis With 
lsmay Pressure 

Mean (yrs.) • 3.0 x 105 
Median (yrs.) • 1.2 x 105  

Note: Pre-waste emplacement ground-water travel 
times from disturbed zone to I km 
accessible environment. based on 1.000 
combinations of geohydrologic parameters. 

Relative Frequency of Ground-Water 
Travel Times for Unlikely Conditions 
of Porous and Fractured Media Flow 

Davis Canyon 

 

Figure 6-22 

67,272‘, 
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Note: Pre-waste emplacement ground-water travel 
times from disturbed zone to 1 km 
accessible environment, based on 1,000 
combinations of geohydroiogic parameters. 

fa 4 

Complementary Cumulative Frequency for 
Ground-Water Travel Times for Unlikely 

Conditions of Porous and Fractured Media 
Flow Davis Canyon 

Figure 6.23 

- 0.6 
Analyses With 
Honaker Trail 
Pressures 

108 105 	106 	107  100 	10 1 	102 	103 	104  

1.0 

Analyses 
With Ismar 
Pressures 

10,000 
1,000 Yrs. 

\\11
Yrs.  

Complementary 
Cumulative 
Frequency 

0.4 

0:2 

0.0 

Ground-Water Travel Time (Years) 

Analysis With 
Ismay Pressure 

95th Percentile • 5.3 x 102 
50th Percentile • 1.2 x 105  • 

511I Percentile • 1.2 x 106  

Analysis With 
Honaker Trail Pressure 

95th Percentile • 5.8 x 102  
5001  Percentile • 1.3 x 105 

5111Percentile • 3.2 x 106  



Probability  
1,000 	10,000 
Years 	Years 

Travel Time (years) 

Median 

Table 6-37. Summary of Pre-Wastelmplacement Ground-Water Travel Time 
of 1,000 RealizationsVii of Davis Canyon Local 
Ground-Water System, Accessible Environment' 
(Including fricture-controlled pathways)Or 

Ismay Pressures 0.074 0.214 1.2 x 105  

HonakerTrail Pressures 0.075 0.214 1.3 z 105  

(a) Representatives of:ground-water system by selecting combinations of 
geOhYdrologic parameters. 

(b) Asiumes open,and-continuous,fractures. 

.1 ,  • 
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• t, FIOW, 

=5.8x195.  

<0.061 

2.4 x 1 

, <0.003 • 

0.612 

• , 
: (Unlikely) Poiouti and Fracture'Flow(b). 

Meditui (yrs) 

Probability 
(1,000 yrs GWTTY-

, 
Probability 

cy% 	(10,000, yrs ,csITT) 

•St. 
VI 

3.2 A 105  

0.036 

0.142 

4.0 x..105  

0.026 

0.118 

. 3:6 x 105  

0.039 

0.12.8 

:11 
1 km.. 	 2 :km 	 '4 •km 

) 
5 

. • 

(Lik;li)PoroUs 

x':105  

<0.001 

0:20 

Median.(yrs) - 	 1.2 x 
• 

Probability 1,000 yrs MITT- , -0.074 

Probability 10,000 yrs GWTT 0.214 

Table 6-38:.  Pre-Waste-Emplacement Ground Water Travel TimIs to Address 
Variable Distanteto. Controlled.Area Boundarya 
For Davis Canyon Using Jamey Pressures 

.., 	. 	 . 
Distance from Disturbed Zone to Accessible, Environment', or Controlled Area Boundary 

(a) EPA 40 CFR Part 191 limits a,saxiisum of 100 sq km controlled area. Repository location after' site characterization 
will identify distance to controlled area boundary (which will - be considired as an accessible environment). These 
sensitivity. analyses are primarily to provide understanding on probabilities of ground -water travel times with 
variable distances to the controlled area boundary 	=  

(b) ' Continuous open fractures have-not. yet been identified as possible pathways. These analyses were done to provide 
understanding of ground-water travel time estimates if such pathways are identified during site characterization. 
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change in the horizontal velocity within the Honaker Trail or vertical velocity through the 
Paradox Salt, and produced less than a 10 percent change in the horizontal velocity in the 

	

Leadville limestone (Andrews et al., 1984, Table 3-3). 	- 	, - 

Another set.of pereOrbations modeled is the erosion of surface etevations of alluvial 
systems in the region Over.the next 10,000 to 1 million years. Lowering the surface elevation 
along the Colorado River by 30 meters (100 feet) caused a 14 percent increase in the downward 
flow through the Paradox Salt (Andrews et al., 1984, Section 3.4.2). This is atresult of the 
modeled hydraulic communication between the river and the Leadville Formation along Dark and 
Gypsum Canyons (Andrewi et al, 1984, Section 3.4.2). As the heads in the river are lowered, 
the heads in the Leadville Limestone are decreased, which increases the downward hydraulic 
gradient and velocity. toweling the surface elevations along Indian Creek and its tributaries 
decreased the downward flow through the Paradox'Formation by 21 percent (Andrews et al.,,1984, 
Section 3.4.2). This is a result of the-reduced heads in the Elephant Canyon and Honaker 
Trail and the subsequent decreased downward hydraulie gradient. 

Combining the effects of increased vertical permeability throughithe Verdure-Grabew4bajo 
Laccolith discontinuity and the Lockhart Basin faults, with increasedlboundary heads in the 
Leadville Limestone and lowered surface elevatiOns along Indian Creek s  generated a 50 percent 
reduction in the vertical velocity through the Paradox Salt. With these changes, there is 
still a vertical head differential of about 130neters (430 feet) [1,540 to 1,409 meters 
(5,053 to 4,623 feet)]. between the Honaker Trail and Leadville. This,contrasts with an 
approximate 188 meters (61/ feet) difference (1,568 to 1,380 meters [5,144 to 4,528 feet)) for 
the base case simulation (Andresis et al., 1984, Table 3-3, Run 5). It is clear that'greater 
perturbations thin those theorized would be required to cause a reversal in the vertical 
regional hydraulic gradient direction. 

# 
Although the net impact of "purely" climatic changes on recharge to the surficial 

aquifers is unclear becaumi of the competing 'effects of precipitation' and evapotranspiration, 
it is conceivable that infiltration could be reduced from the presenticonditions. This condi-
tion was not explicitly evaluated; however, the potential effects of such a perturbation would 
be similar to those produced by lowering . the,surface elevations' (and hence heads) along the 
principal drainage systems in!the vicinity of Divis Canyon,. The vertical velocity through the 
salt at steady state would bildeireased c but itfis unlikely that the heads in the Cedar Mesa, 
Elephant Canyon s'and Honaker Trail would be lowered by a siffident amount (about 131 meters 
[430 feet]) to reverse the regional gradient. 

The pre:minus analyses :  were conducted assuming that steady-state Conditionslare reestab-
lished immediately following the perturbation. This is a conservative assumption. Some 
amount of time i3 required for the flow regime to regain steady state.in the site vicinity 
following a change in conditions at the recharge or discharge area. Given the low permea-
bility of the -salt striti,lthe response will not be instantaneous. EVen assuming the per-
turbation is felt instantaneously at the,site (which is the steady-state assumption), the 
velocities do not change significantly.::  4 

 

	

-7 	V 	• 

Conclusion. Bated on the conceivable processes of ground-water or brine transport, it 
appears that fluids mill remain'in the host rock for A period in excess of 10,000 years. 
Based on the conservative assumptions that (1) salt is a porous medium, (2),the disturbed zone 
extends to the- brittlebedi (i.e., the travel times through salt are not added), and (3) con- . 
sidering extremes ofi the'range of each relevantlhydrogeologic parameter, pre=weste-emplacement 
ground-water travel-time estimates from the disturbed zone to the accessible environment meet 
the requiraments . of 10.CFR Part 60 by a substantial margin. 

6.4.2.4 Preliminary System Performelice Assessment' 
5  

The isolation systei'consisis of the wastelpackige (Section 6.4.2.2.1), engineered 
barrier (repositnry) (Section 6:4.2.2.2). and geologic (8eition 6.4.2.2.3) components (sub-
systems) acting in concert as a System. The performance-of individual subsystems is described 
in Section 6.4.2.3. The performance of the isolation system is described in this section from 
the system viewpoint. 
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6.4.2.4.1 Reference Case. Under reference (expected) conditions, waste packages in salt 
repositories will not fail for aivery long time and radioactivity will not be released from 
the repository. The calculations in Section 6.4.2.3.3 suggest' that -waste packages for the 
Davis Canyon site will last indefinitely. The only mechanism expected to act on the package 
is uniform corrosion from brine which migrates to the waste package from inclusions throughout 
the salt. This 'migration 'is due to thermal diffusion enhanced by temperature-dependent solu-
bility. The total volume of brine that can reach the package is limited because brine migra-
tion ceases when thermal gradients from emplaced waste no longer exist. This volume is not 
sufficient to corrode through the overpack. Thus, with no release from the package for an 
indefinite period to provide a source term to the repository and geologic subsystems, all 
10 CFR Part 60 and 40 CFR Part 191 requirements would be automatically met. No release to the 
accessible environment is expected for at least 100,000 years because of the small expected 
transport distances in salt after package failure. No radioactivity is expected to be added 
to the Elephant Canyon aquifer until beyond 100,000 years because it is above the repository, 
and flow paths are directed downward. 

The teniitivityofthe'system to early failure of packages can be tested by assuming 
early failure..The:potential - source terms for CHIN and SFPWR for the geologic -subsystem are 
shown!in' Tables 6-32 and 6-33, respectively, as multiplei of the EPA limits for'individual 
nuclides. These results were determined assuming no waste form resistance and -that nuclides , 
dissolved in the available brine according to solubility limits given in Table 6-32. These 
tables show that, even in the case of a hypothetical package failure as early as 300 years, 
the EPA site'iimits (40 CFR Part191) are met at the package boundary for all nuclides 
indiWidually and'totalled'except cesium-137. There 3s norequirement that the EPA site limits 
be met at the package boundary. Travel times are such that both -cesiuM.437 and carbon-14 will 
decay suffitiently to meet the EPAstandards Prior to reaching the accessible environment. 
The following sections describe-results with:variation in subsystem performance: These 
results demonstrate the impact of uncertainties in subsystem'performance. 

6.4.2.4:2 ..Performance Limits•Case. This case'is used to illustrate the capability of 
the geologic setting to restrict"releases -to the accessible environment in the event the - waste 
package . or engineered-barrier:subsystems:just barely meet regulatory requirements . A waste 
packagt- lifetimecif100'yearsand engineered-barrier release of.107,  per year of 1,000-year -
inventery.(i.e.,'AusOleeting10 -CFR.Part'60 requirements) are assumed. 

For the undisturbed - performance of a salt site, there are only two plausible mechaniims 
for radionuclideitranspOrt4tway from a failed waste package: -(1) diffusion of radionuclides, 
and (2) radionuclidea 7diisolved in brine which migrates away from the waste package. The 

. first mechanism, is driven by the concentration gradients'of the radionuclides.in the:solid.' 
salt, while the second mechanism is driven by the concentration of brine in the solid salt. 

The initial"transport of brine'is toward the waste package because of thermal gradient 
brine inclusion'Migration. However, after the temperatures'have decayed!to near ambient 
levels, any brine transport "will be away from the waste package. The model used in this 
report Considers brine transport away from the package to be'due to a diffusion-like 
mechanism, i.e., the second mechanism.described above. Diffusion with• an enhanced empirically 
determined coefficient is used to describe this transport.' The time periods during which the 
brine accumulates and then migrates away from the package are relatively short tompared to the '  
time periods of interest. Consequently, the entire release from the package is assumed to 
occur at package failure; The amount of the release may be limited by the release fraction 
from the waste form and the solubility of the radionuclide in the brine, Since the amount of 
brine that accumulates is also relatively small. When the brine concentration decreases with '  

distance from the Waste package, the brine concentration gradient can drive brine containing 
radioactivity into the surrounding 'salt. To describe the mobility of particles, atoms, 
molecules, ett.,'by random molecular motion, Fick's classic equation (Crank, 1975, p. 2) for 
diffusion has been used.' Implicitly, these calcuiations ignore advective transport due to a '  

hydraulic gradient. As discussed in Section 6.4.2.3.5, the host rock has-a very low, if not 
zero, hydraulic conductivity, and the assumption of a Darcian flow model also gives short 
travel distances. 
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Calculations for pure diffusion can use diffusion coefficients calculated from a theoret-
ical basis. However, in other applications,: Robertson (1974) showed that the diffusion theory 
can successfully medel , "dispersion" of radioactivity in ground-water systems with empirical, 
diffusion. coefficients. Thus, in this analysis, we use the diffusion theory to empirically 
determine brine "diffusion" coefficients based on the water content of field samples, of salt 
that were obtained at various distances from a water bearing sediment inclusion in salt. 
These coefficients should: apply for transporting dissolved radionuclides, since the resultant 
brine 'diffusion" coefficient is about 4 orders of magnitude latter than solid-state diffusion 
coefficients which, would• apply if the radionuclide elements were to separate from brine and 
diffuse through salt by themselves. Additional discussion of this factor is given in. succeed-
ing paragraphs. Consequently, the diffusion analyses used these empirical , brine "diffusion" 
coefficients to estimate the movement of radionuclides in a nuclear waste repository in. salt. 
The analyses assumed an infinite plane source as shown in Figure 6-24 to represent the nuclear 
waste repository. 

Analytical Approach. McNulty et al. (1985) give the equations that govern the transport 
of brine away from the waste package under a. diffusion-like mechanism. This diffusion analy-
sis for radionuclide transport ignores the relatively short times required for brine accumular 
tion around the waste package. The analysis assumes that the thermally driven brine transport 
has already occurred and that the waste package releases radionuclides immediately after its 
failure. 

To maximize the calculated curie release, the analysis assumes that all mass transfer 
occurs vertically as shown in Figure 6-24. In addition, the analysis does not account for the 
chain decay of uranium-234 and assumes all uranium-234 immediately becomes radium-226. Inte-
gration of the diffusion fluxes over...intervals of 10,000 years at several distances from the 
release point allows direct,comparison with 40 CFR Part 191 (3PA, 1985b) as if the distances 
chosen were different selected-boundaries,of ♦the accessible environment, 

Data Base and Uncertainty, The data used in the analyses consist of an empirical diffu-
sion coefficient, radionuclide inventories and solubilities (Jansen, 1985), and total expected 
brine volumes (McCauley and Raines, 1985). Knauth (1982) gives data for the distribution of 
water in salt surrounding a brine pocket associated with a sediment inclusion in a salt mina 
in Weeks Island dome. Knauth (1982) used the vacuum volatilization technique of Knauth and 
Kumar (1981) to measure the water content of salt specimens sampled at various distances from 
the brine ,

4  
pocket. These data give an empirical brine diffusion coefficient of 

4.9 x,10- 4-4 square meter pet seeond (1.5 x 10 -4  square meter per year) when a diffusion-like 
process is assumed and the time of entrapment of the sediment is assumed to have occurred 
75 million years ago. 

In contrast, Jost (1960, p. 184) shows that transport by ordinary solid-state diffusion 
of sodium ions in salt occurs very slowly, Jost's correlation gives a_diffusion coefficient 
of about 3 x 10-1° square meter per.second,(9.5 x 10 -9  square meter per year) for a temper-
ature of 300 C (572 F) which is higher than the maximum expected repository temperature (Sec- 
tion 6.4.2.1.1). The.empirical brine diffusion,coefficient is four orders of magnitude larger . 
than the one given by Jost. Consequently,,the diffusion analyses use the brine diffusion cor 
efficient,which giverpenetration distances about two orders of magnitude greater than-cal-
culated,penetration-distances based on solid state diffusion of sodium ions in salt. 

Diffusion Analyses and Results. McNulty et al. (1985) made separate diffusion calcula-
tions using brine volumes and curie inventories.specific to:CHLW and SIM waste and assuming 
300-year package,life,and 10 -5  per - year waste form release , rate. The analyses show, that the 
total 10,000 year curie release , would exceed the. EPA , quantities standard for a maximum pene-
tration distance , of less than 1 meter 1 (303 feet). - In addition, Figure 6-25 shows that after 
100,000 years, the' most soluble radionuclides (iodine-129 and cesiumr135) have traveled less .  
than 10 meters r (32.3 feet). These transport distances are negligibly. small. The disturbed 
zone is relatively small, approximatelr15,meters (49 feet), as described in Sec- 	. 
tion 6.4.2.3.5. As shame by Figure 6-25 the maximum penetration-front for radionuclide trans-
port of any element from any waste type during 100,000 years is lea's than 10 additional meters 
(32.8 feet). Thus, if a 25-meter (82-foot) thickness of host rock, including the 15-meter 
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Schematic of Repository as 
Infinite Plane Source 
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Travel Distances with Time at Davis Canyon 
for Most Soluble Radionuclides, 
Iodine — 129 and Cesium — 135 
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(49-foot) disturbed zone, is available all around the repository, it is likely that radio-
activity will not escape the host rock for more than 100,000 years even assuming package 
failure. The transport at the location (less than 1 meter [3.3 feet]) where the EPA standard 
is satisfied is principally iodine-129, cesium-135, and cesium-137. 

6.4.2.4.3 Sensitivity of Performance to Variations in Release from the Engineered-
Barrier System.  Clearly, reduction . in the fractional release from 10 -), per year to 
10-12  per year with a' 300-year package would proportionately reduce thevery small transport 
quantities of iodine-129, cesium-135, and cesium-137 described in the previous section. The 
small,quantities (approximately a total of 0.002 of the EPA limit) of other nuclides are not 
reduced because the ?solubility limit continues to be the factor controlling their release. 

Increasing the tractional release rate to 10 -4  of the 1,000 year inventory per year would 
cause the release from the engineered subsystem to the geologic subsystem of:all of the 
iodine-129 and cesium-135 ia about 10,000 .years because the solubility limits of these 
nuclidei are very large and decay : ienot a factor for iodine-129 and cesium-135 in the 10,000 
years. ,This,-in turn, will cause the location at which the EPA standard is satisfied to move 
outward from that reported in Section 6.4.2.4-2. However, the EPA standard is still met with 
less than l'meter oflhost rock. Figure 6-25 is reasonably valid for this consideration. 

6.4.24 Comparison With Regulatory Criteria 

Table 6-39 compares the calculated results described in the immediately preceding sec-
tions, for the cases considered, with regulatory requirements, and gives results for 100,000 
years-(10 CFR Part 960). The expected package lifetime far exceeds the 1,000-year time frame 
specified by the ground-water contamination and individual protection requirements of 40 CFR 
Part 191. Ho'contamination of ground water or dose to individuals is anticipated regarding 
these,requireients as noted in the table. These calculations indicate that the expected con-
dition is that all standards will be met. This is obvious except for the gr,und-water travel 
time. requirement because of :the long expected waste package lifetime. 

The perfarmancelimiti case demonstrates that the site is fully capable 	meeting the 
requirements on release to the accessible - environment (40 CFR Part 191) withlengineered sub-
system performance just meeting regulatory requirements. The cesium-137 releaserequirement 
could-be met with a package lifetime of 830 years (with no waste form resistance). Alter-
natelii if a 10-4  release (ONWI, 1983, ONWI-462, p. 11) is specified, a packige lifetime of 
430 years will provide all requirements as discussed in Section 6.4.2.3.4. 

6.4.2.6' Effects of Potentially Disruptive Events and PrOcesses 

Settion 6 .3 considers maximum (conservative) rates for geologic and hydrologic processes 
to evaluate -the suitability of the site with respect to the guidelines: Earlier parts of 

• 

Section 6.4.2 model the performance lof repository systems also assuming maximum (conservative) 
rates. 'Additional, unexpected events that could disrupt the repository would be due to either 
geologic processes or human interference.  

•6.4.2.6.i Geologic Processes.  The energy driving geologic systems comes from the earth 
(teCtonics) and the atmosphere (climate). The effect of large, unanticipated changes in the 
climate and increases in the rate of tectonism are discussed below. 	' 

" 	; 
Climate.,, The plausible extremes of climate during the Quaternary were experienced in the 

Paradox Basta. These were alternating pluvial episodes (periods of high rainfall and "cool 
tempeiatureaacCOmpanying glaciation to the north, and intervals characterized by hot and dry 
conditions accompanying the interglacial conditions: These conditions are expected to recur 
several times during the text one million years. , As deecribed In Section 3.2.2.3, the 
expected effect of these extremes oh geomorphic processes would be todecrease erosion. There 
are insufficient dati 	evaluate the influence -of climatic change on salt dissolution. The 
presently available:data inklicate.that there is:no disselution :within the site. The closest 
known or potential disiBiution feature to the geologic reii.ository operations area is 14 kilo-
meters (9 milis) away, AssUming an active.dissolution front at this distance, and assuming 
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Table 6-39. Comparison of Performance Assessment Results With Postclosure Regulatory Requirements 

Reference 
Case 

(Expected 
Condition) 

Performance Limits 
Case  

300-Yr Pkg. 
10-5  Release 

Sensitivity Analyses  
300-Yr Pkg. 	300-Yr•Pkg. 
1076  Release 	10-4Release 

Meets release requirements less than 1 meter 
beyond disturbed zone 

, Specified 
' ' 	300 

All but 
Ca-137( c)  

Specified 
300 yr 

Specified 
to meet 

- (a) Indiyiduel_protectici requirement given in 40 CFR Part 191. 

(b):" Maximum 10,090-year travel .distairce = 50 m; therefore, requirement is met if accessible environment is 
selectedgreater_then 50 mr_plus disturbed zone allowance (15 m), or a total of about 70 m from repository. 

-(c);, The 1074  fractional- release does not automatically cause violation of the 10 -5  10 CFR Part 60 requirement 
- because of solubility limitations. All nuclides, except cesium-137 with solubility limits and 10-4  package 
release, meet the i0-5  requirement. 

• 

Regulatory 
Requirement 

Expected Performance Level 
• for - 

Contamination. of 
Major Ground-Water 
Source : 
(40 CFR Part 191) 

Dose for Individual for 
First 1,000 years 
after clostireta )  

-Ground-Water 
Ir. 	. Travel Time- 

(10'CFR Part 60) co 
P.) 

Package Lifetime 
300 to 1,000 years 

-. (10 CFR Part 60) 
10,000 yr 

Engineered Subsystem 
Release 
(10 CFR Part 60) 

Release to Accessible 
Environment 
'(40 CFR Part 191) 

0 Release 

0 Release 



that the structural, stratigraphic, and hydrogeologic configuration is such that the dissolu-
tion front ,  would migrate directly toward the geologic repository operations area, that dis-
solution front would have to migrate.at 4 rateof 1,45 meters (4.75 feet) per year to reach 
the repository in 10,000 years. This rate can be compared to measured rates of salt 
dissolution front advance in other areas which are 0.034 to 0.082 meter (0.11 to 0.27 foot) 
per year in theTexas Panhandle (Gustayson et al., 1980, pp. 24-25) and less than 0.02 meter .  
(0.05 foot) per year at the WIPP site in New Mexico (Weart, 1981, p. 429). If active dissolu-
tion fronts exist in the candidate area, and were advancing at even 5 percent of this rate, 
abundant geomorphic and hirdrologic indicators (such as numerous strongly, saline springs) would 
exist. No such indications have been observed . within the candidate area. Climatic changes 
could .directly affect ground water by increasing or reducing recharge. Based on assumed 
changes that exceed plausible extremes, the effect on seepage rates (Section 6.4.2.5) is found 
to be insignificant compared to, uncertainties in rock permeabilities. 

Tectonics. there is no reasonable basis for expecting that a repository would.be dis- , 
rupted by the development of new faults or other.structures in the Paradox Basin. It is not 
known whether regional uplift is.continuing. Uplift rates-characteristic of orogenesislare 
neither observed nor expected,-because the site is distant from any modern.tithospheric plate - 
margin. Time highest known long-term rate of epeirogenic uplift, is 5.2 z 10-4  meter per.year 
(1.7 z 10-3  foot per year), associated with the Colorado Plateau (Stone and Webster 
Engineering Corporation, 1978). This greatly exceeds what plausibly , Can be expected in the 
Paradox Basin, However,.even,if it is assumed that these conditions .  Could arise and continue. 
in the region during the next one million years, and that river incision cou14keep pace with 
uplift, the repository would not be exhumed. 	 . 

Differential uplift of-the recharge zone of the deep.basin aquifer would increase the 
regional hydraulic gradients. ;The effects, of such perturbations on hydraulic gradients-are 
insignificant compared_to uncertainties in salt permeabilities. 

As. discussed;in Seciion;3.2.5.4, possibly,the most significant source , of seismicity to 
the Dairis Canyon site outside the Paradox Basin linear Capitol, Reef, approximately 100 kilo-
meteri (62 miles) southwest of the site in south-central Utah. Although seismicity has only . 
been monitored there since 1978, it represents the most macroaeismically active area observed 
to date within the Colorado Plateau interior, with the.exception of-the Book Cliffs-eastern 
Wasatch.Plateau mining-induced seiseicity. Although the largest earthquake was only g ML 3.6, 
the seismicity in the Capitol Reef-Henry Mountains region (including the epicentral, area of 
ML 3.5 earthquake that occurred southeast of Hanksyille.on May 3, 1981) probably represents an ,  

occurrence,of Basin and Range extensional tectonism. Because ML 6 to 7 earthquakes have 
occurred to the west in the exiensional.Intermountain seismic belt, the 'seismicity in the  
Capitol-Reef-Henry Mountains region may-represent a source of earthquakes that-may impact the 
Davis.Canyaneite., 	, 

64.2.6.1 Human Interference. .  

.Regulatory Requirements. .Euman . acti*iiiss give rise to another , 	of possible disrup- 
tions. These disruptions are addressed, in a general manner, by the System Guideline.oE--,. 
10 CFR 960.4-1. This guideline states that the geologie repository shall consist of a system 
of multiple natural.aneingineered !barriers. : These-barriervvill physiCallyeeparate the 
radioactive waste tiara the.accessible:en-vironmentafter . ciotnre in accordance with the 
requirements set forth in 10.CFR Part:60 end 40.CFR part:191. ,  : 

, Roman interference is then addressed directly by 10 CFR 90.4-2-0. 

The_site.shall-.be located such thit , activities by future generations-et or _ 	. 	. 
nearthe .  site will:not he likelytneffectwatte containment and isole 
tion. 	assessing .the likelihood,of suCh.eCtivities,the DOE will  
..conside; the es timated 

 CFR Part 	
of permanent, 'markers andricords - . m   

-required by. art 60... 	- 	-  _ 
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Implementation Of Regulations.  To date, - the NRC Regulation (10 CFI Part 60) referred to, 
in the System Guideline hal received relatively little attention in the performance`assessment 
literature.' Such analylee need to be site-specific and sites are not yet chosen. However, 
the cumulative'release requirements of the EPA'standard for'the complete disposal sisters '' 
(40 CFR-191113) have received greater attention, even to the extent that a methodology has 
evolved which it Specially adapted Lot showing- compliance= with the EPA standard. 

To . implement this methodology with respect to human interference, those human activities 
are specified which could potentially comptomise'the performance of a repository. Then, 
utilizing "A rather iigorous proCedure, these activities are coupled conceptually with other 
features, processes, and events, whiCh may-be highly site-specific, to form scenarios. The 
biine-pocket-hit scenario is'en,example. Here; the huMan-activity of drilling through the 
repository is coupled with a siatem feature--a brine pocket- with near lithostatic pressure 
lying directly beneath the repository. The study by Arthur D. Little, Inc. (1980) provides a 
very thorough discussion of"many features; processes, and events. Bingham and Barr (1979) use 
event trees-to show how'iuth phenomena'are coupled conceptually by the use of event trees. 
Cranwell'et al. (1982, SAND81-25731'1982," SAND80-1429) then apply the complete methodology. 
The latter authdrs employ,statistical techniqueste,account for parameter uncertainties and 
scenario probabilitkes in.a procedure which:permits ditect comparison with the EPA standard. 

A variant of the'above'methodblogy probably will be adopted for the site characterization 
program, where data will be sufficient to suppoit site-specific analysis. "Here, however, to 
support a nomination` for site characterization, the objective is somewhat more limited, and 
such a site-specific analysis, although desirable, is not yet credible because of the lack of 
site-specific data. The objective in this report is to show, in accordance with 10 CFR 
Part 960, Appendix III; that the available evidence does not support a finding that'the site 
is not likely to qualify under 10 CFR 960.4-.2-8-1M. 'Site-specific data and analyses will be 
required for formal site nomination. Furthermore, issues to be-identified below will be dealt 
with during,the site characterization program. However, the literature for generic sites and 
certain`: specific locations different from the site whith is the subject of this report is 
sufficiently extensive'at this time to permit a Plausible argument in faUor . of nomination for 
site'characterization. 

However, the'literature'itrongly suggests that such scenarios will be insignificant .  ' 
contributor,. trrtisk. 

At theisame time, however, there remain inconsistencies in the literature regarding' 
certain huMinAntrusion scenarios which will require-additioial analysis. These iiconsis-
tencies relate, to a lesser extent,'to ground-water transpert'scinarios, and tda greater' 
extent, to direct-access scenarios; Pepping et al. (1983, NUREG/CR-2402) analyzed several 
U-tube type ground-watertransport scenarios and found a strong dependence oi- soutie charac-
terization. For those cases in which the entire repository, or even one entire room, was 
exposed to the invadiig fluid, which assumed leach'llmitation, the radionuclide'release limits 
of the EPA standar!' (Draft 19) were slightly exceeded.: Nowever, when a mixing-cell model was 
used with a solubility-ilmited source, releases were negligible with respectto the Standard. 
The fact that the EPA standard was exceeded in some cases is not considered . to be significant, 
since the aquifer transmissivities of this generic bedded-salt site were unrealistically high. 
Further, the study was designed to illustrate risk methodology rather than to evaluate a real 
site against the EPA standard. The results , are significant, however, in two respects, both of 
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Releaie Scenarios. Many different features, processei, and events can conceivably affect 
the operation of a nucleat'waste repository, as illustrated by the comprehensive lists of 
Burkholdet (1980) andiKoplik et al, (1982). Scenarios formed from phenomena have been devel-
oped'and examined for more than a decade. Although Most Such studies focus on bedded salt, 
many of the conclusion'. are - tranaferrable to a domed-salelithology. The.works of Claiborne 
and Cera*(1974,-ORML/TM-4639), aid others o 'iftdicate that some of the phenomena wilt be suffi-
cititly iMprobable that they will not significantly contribute to'risk. Burkholder (1983, 
ONWI-286), in fact, notes "an emerging consensus that scenarios involving meteorite impacts, 
sabotage, nuclear warfare, erosion, criticality, volcanism, diapirism, stored energy release, 
and natural salt dissolution are unimportant...to the performance of nuclear waste isolation 
systems." Certainly no scenarios will be excluded a priori from a eite-specific analysis. 

iska.'.z4160 7 



which are noted by the authors.' First, the need for realistic modeling of the engineered 
barrier and the waste package-"is -indicated,' so that the source term May be determined more 
precisely. Second, a need for more precise modeling of the borehole is also indicated. This 
analysis assumes that the boreholes - stay open in-excess of 10,000 years, whereas, salt creep -
quite possibly will close the boreholes to fluid - flow within a relatively short period of 
time . 

Pepping et a1. (1983, MEC/CR-2402) also analyzed two direct access scenarios, namely a 
direct-canister-hit scenario and a brine-pocket-hit scenario; For the former, it was arbi-
trarily assumed that - one-fourth of the canister contents were removed each time a canister was 
penetrated. For the latter, another, rather arbitrary source-term assumption was adopted; 
0.025 of the contents of one room was released over a time period of 100,000 years. For both 
scenarios the location of the borehole was treated probabilistically. The authors noted that 
"The penetration scenarios-(direct-canister-hit and brine-pocket-hit) indicate potentially 
serious consequences." However, the possibility of a sudden and Catastrophic failure of waste 
packages has since been considered. Harper and Raines (1985, p. 499) considered a direct hit 
scenario and analyzed, stochastically, the release of radionuclides to the environment. This 
study showed that there was 'a high expectation that EPA requirements would be met with a 
repository in salt. INTERA (1985, BMI/ONWI-553) analyzed the intrusion of a borehole into the 
repository and calculated the subsequent dissolutioning and radionuclide releases to the 
accessible environment. INTERA (1985, BMI/ONWI-553) overestimated borehole flow rates, 
ignored any containment by the waste package, and ignored the likely plugging of the borehole 
by silt or other materials to add conservatism to the calculations. Still, releases were 
below draft EPA (1982a) standards when the accessible environment was assumed to start at 
10 kilometers (6.2 miles). 

• ' 
	

• 

INTERA (1985, BMI/ONWI-553) found that the maximum potential dissolution from a borehole 
is limited. Creep Closure ultimately closes the borehole. Therefore, they concluded that 
salt dissolutioning in existing boreholes, for the case considered, would not Provide a 
pathway for radionuclide release.  

In the Waste Isolation Plant Project (WIPP) Safety Analysis Report (DOE, 1983), six 	' 
different scenarios were analyzed.-  It is interesting to note that in all of these scenarios, 
including the three analyzed by Pepping et al. (1983, NUREC/CR-2402), the consequences were 
found to be insignificant. The whole body dose commitment was'less, in all casea, that the 
recommended dose limit of 500 mrem per year. Consequences were not compared•with the-EPA -

standard in this study. The major difference between the two analyses is threefold. First, 
in theT-tube scenarioti "the dissolution of radioactive waste is assumed to be Controlled 
only by salt dissolution'in the waste storage area with no credit taken for the waste con-
tainers" (DOE, 1983). Second, for the direct access scenarios, the presence of a mud pit is 
characterized for the drilling operation, along with drying, resuspension, and atmospheric 
transport of radionuclides. - Third, for the brine-pocket hit, it is also assumed that the flow 
of brine is shut off after 24 hours of release. It is not proposed here that the mud pit and 
atmospheric transport be Considered in further scenario refinement, since the status of such 
an assumption with respect to the EPA -standard is questionable. However, - further characteri-
zation of the - sourie term for ground-water transport, brine-pocket-hit, and direct hit' 
scenarios are 'desirable and will - be-considered during site characterization. 	' 

INTERA (1985) analyzed'a U-tubd connection between a single borehole "(inadvertently 
drilled or abandoned befcire construction of repository), a repository storage room, and an 
access shaft that Still offered a potential hydraulic connection despite being backfilled and - 
plugged. The analyses maximize the predicted releases by assuming the hydraulic connection 
remained open for 10,000 years. •Pressure boundary conditions were provided from a regional 
hydrologic analysis. The flow was calculated in a local flow model taking into account 
density variations due to increased salinity of the water in the salt units and the increased 
temperature due to the-generation- of heat.by the radioactive waste.- 'INTERA (1985) showed that 
preditted'releasts fron'all-tube'connection were several orders of magnitude lower than' draft ' 
EPA (1982c) standards when the accessible environment starts at 10 - kilometers (6.2 miles).' 
Future site-specific analyses for site characterization will calculate releases at distances 
much closer to the point of radionuclide release.  

• r 
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Harwell et al. (1982, Vol.. I and, II) examined a salt-solution mining scenario; the cavern J 

for which intercepted , the% repository. The host formation was considered 	be the Hainesville 
Dome of the East. Texas Salt Dome Basin., The probability of such a scenario,,of course, would 
be higher for a dome than for a bedded-salt site (Burkholder, 1980).. It was assumed that the 
mine produced one million tons of salt per year and operated for up to 50 years without , 
detecting radioactivity. It was further assumed that three percent of the salt was ingested, 
with an average rate per person of 1,800 grams of salt per year. The consequences were 
presented in.various ways; for example, a 707year individual dose to the whole body.resulting 
from a one-year period "of ingestion..: Results varied depending on the time from repository - 
closure. They exceeded background radiation by three orders of magnitude at 100 years post-
closure, and by one order of magnitude at 1,000 years postclosure (Harwell at al., 1982). .  
A comparison with EPA standards was not, performed. , 

, 
The same basic scenario was examined by MI (1981, OHM-320[1p. Consequences, as 

determined by this study, were much less severe. For a 70-year individual dose to the whole 
body,resulting from a one-year period ofingestion v results were approximately equal to back-
ground radiation at 100 years postclosure and were about two: orders of magnitude less than 
background at 1,000 years postclosure,. i.e., the results, here were less than those obtained in 
the study of Harwell at al. (1982) bythree orders of magnitude, Again, consequences were not 
compared with the EPA standard.. One significant difference between the two calculations is 
the assumed level of preferential dissolution, which v over a 50-year period, resulted in a 	- 
61 percent exposure of the wastes in the study of Harwell et al. (1982• and 2.5 percent 
exposure in the task-force study (ONWI, 1981, ONWI-320(1)). Another significant difference is 
the existence of a sump. A relatively immobile sump, composed of insoluble material, forms at 
the bottom of a cavity, and exposed waste packages would probably fall into this region. The 
study of Harwell et al. does not account for the presence of this sump; the ONWI study does. 

None of the above studies consider the effectiveness of passive-control measures although 
they are required by the regulations.. In fact, it is not clear at this point how quantita-
tively to account for these measures. However, it is the consensus view of an , ONWI task force 
(Human Interference Task Force, 1984, BNI/ONWI-537) that the passive-control measures now 
being considered would be effective in reducing the risk of human intervention. Further, the 
NRC's final rule (10 CPR 60.2). does not require the analysis of human intrusion activities at 
the site (e.g., solutionmining) if appropriate markers are used at the site so that future 
generations are aware of the hazards that exist. The DOE plans to use such markers and, 
therefore, does not plan, to model solution mining. 

Concluding Remarks.  Previous research suggests that various scenarios will not pose a , 
significant, hazard at the site. For other scenarios, involving both ground-water .  transport 
and direct-access, research is .. inconsistent at this point. However, for the latter group-of 
scenarios, current research does indicate a.strong sensitivity to the assumed source term. 
This research, especially for the caseof solution mining, also appears to indicate thatthe 
consequence is reduced with increasing scenario refinement. In a general sense, this inverse 
relation of consequence to scenario refinement results from the fact that,:in order to sim-
plify the relatively complex phenomena at the, repository and waste-package scales, authors 
have opted,for conservatively high ,  estimates of the source rate.• The DOE will actively,pursue 
realistic scenario quantification, both through ongoing programs in site assessment, and 
engineering and shaft-seal performance assessments which are planned. The available evidence 
does, then, not support a findingthat the site is not , likely to qualify under 10'CFR 
960.4-2-8-1(a). Furthormorepthe refined characterization of the critical scenarios, as 
typified above, will probably show that this site, qualifies for final nomination under 
10 CFR Part 960,,Appendix III. 

6.4.2.7 Conclusions 
°- 	 v  

performance.assessments have been completed for the-Davis Canyon site. These' 
analyses; are based on currently available codes, conceptual models, preliminary data (mostly, 
generic tq salt but not site-specifio) ;  and interpretations. To allow for uncertaintyi:' ff 
assumptions are generally made that tend to minimize. package lifetime and maximize radio- . 
nuclide releases. There is no evidence from these preliminary performance assessments; that a 
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repository at the site will not comply with the system criteria, nor that the engineered 
subsystems would not be able to perform as required. 

During the course of site characterization, key data and technology areas that will be 
emphasized are (1) brine migration; (2) solubility and other corrosion and waste-form behavior 
characteristics, using site-specific brines; (3) characterization of sources of water; and 
(4) in situ salt properties. Increased understanding, leading to more accurate modeling 
techniques, as well as the obvious necessity for site-specific data are needed. 
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.• 
6.5.2 Federal Regulations and Statutes, and Executive and DOB Orders  

7 CFR Part 688 Regulationsunder the Farmland Protection Policy Act-(7 USC Secs. 4201-4209). 

10 CFR Part 20, Standards for Protection Against Radiation. 

10 CFR Part 60, Disposal of High-Level Radioactive Wastes in Geologic Repositories; Technical 
Criteria. 

10 CFR Part 100, Reactor Site Criteria. 

10 CFR Part 960, Nuclear Waste Policy Act of 1982; General Guidelines for the Recommendation 
of Sites for the Nuclear Waste Repositories; Final Siting Guidelines. 

10 CFR Part 1022, Floodplain/Wetlands Environmental Review Requirements. 

14 CFR Part 77, Objects Affecting Navigable Airspace. 

15 CFR Part 930, Regulations under the Coastal Zone Management Act of 1972 
Secs. 1451-1464). 

. 	. 
25 CFR Part 261, Preservation of Antiquities. 

30 CFR 57.21, Safety and Health Standards Metal and Non-metal Underground Mine*, Gassy 
Mines. 

33 CFR Parts 114 and 115, General, and Bridge Locations and Clearances; Administrative 
Procedures. 

33 CFR Part 209, Administrative Procedure.• 

33 CFR Part 320-333, Regulations undevthe FederaliWater.Pol/ution'Control Act, Clean Water,_ 
Act : Of 1977 (33USC Sics. 1 1251-1376).- -7  

33 CFR Part 320, General Regulatory Policies. 

33 CFR Part 322 Permits for Structures or Work In or Affecting Navigable Waters of the United 
States. 

33 CFR Part 323 Permits for Discharges . of Dredged or Fill.Material:Into Waters of the United 
States. 

33 CFR Part 324, Permits for Ocean Dumping of Dredged Material. 

33 CFR Part,325 Processing of Department.of the Army Permits.' 

33 CFR Part 326, Enforcement, Supervision and,Inspection. 

33 CFR Part 327, Public Hearings. 

33 CFR Part 330, Nationwide Permits4' 

36 CFR Part 9, Regulations under the Organic. ActOf the;National Park Service (16 , psc Secs. 
1901-1912). 
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36 CFR Part 60, National Register of Historic Places. 

36 CFR 60.5, Nominations by the State Historic Preservation Programs. 

36 CFR Part 62, National Natural Landmarks Program. .  

36 CFR Part 63,-Determinations of Eligibility for Inclusion in the National Register of 
Historic Places. 

36 CFR Part 65, National Historic Landmarks Program. 

36 CFR Part 261, Regulations under the National Forest Management Act (16 USC Secs. 475, 
1600-1670., 

36 CFR 293.15, Regulations under the Wilderness Act (16 USC Secs. 1131-1136). 

36 CFR Part 296, Protection of Archaelogical Resources: Uniform Code Regulations. 

36 CFR Part 800, Procedures for the Protection of Historic and Cultural Properties. 

40 CFR Part 50, National Primary and Secondary Ambient Air Quality Standards. 

40 CFR Part 51, Requirements for Preparation, Adoption, and Submittal.of Site Implementation 
Plans. 

1.• 

40 CFR 

40 CFR 

40 CFR 

40 CFR 

Part 

Part 

Part 

Pirt 

52, Approval and Promulgation of Implementation Plans. 

58, Ambient Air Quality Surveillance. 
• 	1, 

60, Standards of Performance for Fossil-Fuel Fired Steam Generators. 

61, Sational Emission Standards for Hazardous Air Pollutant,. 

40 CFR 81.300-55.408, Protection of Environment, Section 107 Attainment StAtUs.Designations.- 
_• 	 r 

40 CFR Part 110, Diitharge of Oil. 

40 CFR Part 116, DeSignation of Hazardous Substances. 

40 CFR Part 111, Determination of Reportable Quantities for Hazardous Substances. 

40 CFR Part 1i1, gtate Certification of Activities Requiring a Federal. License or Permit. 

40 CFR . Part$ 122424 260-265, 270, Solid Waste Disposal Guidelines., 

40 CFR Part HS; briteria and Standards for;the National Pollutant Distharge Elimination 
System. 

40 CFR Part 129, Toxic Pollutant Effluent Standards. ' 

40 CFR Part 141, National Interim Primary Drinking .  Water Regulations.._ 

40 CFR , Part 142, National Interim Primary Drinking Water Regulations Implementation.- 

40 CFR Part 143; national Secondary Drinking. Water. Regulations. 

40 CFR Part 144, Underground Injection Control Program. 

40 CFR Part 145, State UIC Program Requirements. 
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40 CFR Part 146 Underground Injection Control PrograMr Criteria - and Siandirda. ,  

40 CFR Part 147, State Underground injection -Control Programs: 

40 CFR Part 190, Environmental Radiation Protection Standardticit Nuclear limier Operatidns: 

40 CFR Part 191,. Environmental Radiation .  Protection Standards for the MaXagement , Afid 
of Spent Nuclear Fuel, High-Level and. Transuranic RadioactiVe Wastes (Draft).  

40 CFR Part 191, Environmental Standards for the Management and Disposal of Spent Nuclear 
Fuel, High-Level and Transuranic Radioactive Wastes; Final Rule, September 19, 1985. 

. , t 
40 CFR Parts 220-228, Regulations under the Marine Protection, Research and Sanctuaries Act 
(33 USC Secs. 1401-1444). 

40 CFR Part 230, Guidelines for Specification of Disposal Sites for Dredged or Fill Material. 

40 CFR Part 240 Guidelines for the Thermal Processing of Solid Wastes. 

40 CFR Part 241, Guidelines for the Land Disposal of Solid Wastes. 

40 CFR Part 243, Guidelines for the Storage and Collection of Residential, Commercial and 
Institutional Solid Waste.' 

40 CFR Part 244, Solid Waste Management Guidelines for Beverage Containers. 

40 CFR Part 245, Promulgation Resource Recovery Facilitiei 

40 CFR Part 246, Source Separationfor Materials Recovery Guidelines. _ . 

40 CFR Part 247, Guidelines for Procurement of ProduCts that Contain Recycled Material. 

40 CFR Parts 260, 261, 262, 264, 265, 266, 270, 271, and 280, Hazardous Waste Management 
Systems Final Rule: 

40 CFR Part 266, Standards for the Management of Specific HazarciOUs 'Wastes ina- Spedific'liPes 
of Hazardous Waste Management Facilities. 

40 CFR Part 271, Requirements. for Authorization of State Hazardous. Waste Programs.. 

40 CFR Parts 401 and 403, Effluent Guidelines and Standards; General Provisions, and General 
Pretreatlent'Regulationifor Existing 'anct,New Sources .  of Pollution." 

40 CFR Parts 1500-1508, Regulations .  for-Implementing - the ProcidUral iravisiOns of the National" 
Environmental Policy Act. 

43 CFR Part 3,. Preservation of American Antiquities. 

43 CFR Part 7, Protection of Archaeological Reidircesi UnifOrm ligiiatfons. 

43 CFR Part 19, Wilderneis , Preieriiation - 

43 CFR Part 2300i-Regulations under the Federa.LiXd Policy and Managemen•:Act oi : 1976 - :(41 •11SC' 
Secs. 1701-1782). 

43 CFR Parts 2800-2912, Public Landsi Interior. 

43 CFR Part 3620, Free Use. 
• 

43 CFR Part 3802, Exploration and Mining, Wilderness ReviexProgram. 
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43 CFR Part 4100, Regulations under the Taylor Grazing Act (43 USC Secs. 315-3160). 

43 CFR Part 4700, Regulations under the Wild and Free-Roaming Horses and Burros Act (16 USC 
Secs. 1331-1340). 

43 CFR Part 8560 Designated Wildernes Areas; Procedures for Management. 

49 CFR Parts 171-177, Hazardous Materials Regulations. 

49 CFR Part 178, Shipping Container Specifications. 
r 

50 CFR 10.13, Regulations under the Migratory Bird Treaty Act (16 USC Secs. 703-711). 

50 CFR 17.11, 17.12, 17.94, 17.95, and 17.96, Endangered and Threatened Wildlife and Plants. 

50 CFR Part 22, Eagle Permits. 

50 CFR Parts 25, 27, 28, 29, Regulations under the National Wildlife Refuge System (16 USC 
Secs. 668dd-668ee). 

50 CFR Part 35, Wilderness Preservation And Management. 

50 CFR Part 222, Endangered Fishror Wildlife. 

50 CFR Part 226, Designated Critical Habitat. 

50 CFR Part 227, Threatened Fish and Wildlife. 

50 CFR Part 402, Interagency Cooperation - Endangered Species Act of 1973. 

50 CFR Parts 402, 405, 450,.451, 452, and 453 legulations under the Endangered Species Act of 
1973 (16 USC Secs. 1531-1543). 

50 CFR Part 424, Listing. Endangered and Threatened Species and Designating Critical Habitat. 

American Antiquities Act, 16 USC Sec. 433. 

American Indian Religious Freedom Act of 1978, 42 USC Sec. 1996. 
. 	- 

Archaeological and Historic Preservation Act, 16 USC Sections 469-469c. 

Archaeological Resources Protection Act of 1979, 16 USC Seca. 470aa-47011. 

Bald and Golden Eagle Protection Act, 16 USC Secs. 668-668d. 

Bridge Act of 1906, Bridges over Navigable Water, 33 USC Sec. 491 

Canyonlands National Park Act, 16 USC Section 271. 

Clean Air Act, as amended 42 USC Secs. 7401-7642. 

Coastal Barrier Resources Act, 16 USC Secs. 3501-3510. 

Coastal Zone Management Act of 1972, 16 USC Secs. 1451-1464. 

Comprehensive Environmental Response, Compensation, and Liability Act of 1980,.42 USC Sec. 
9601 et seq. 

Cooperative Plan; Hunting and Fishing Permits, 16 USC Sec. 670a and supplement. 
f  
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Endangered Species Act of 1973, 16:USC Seca. 1531-1543. 

Farmland Protection Policy Act, 7 USC Secs. 4201-4209. 

Federal Land Policy and Management Act of 1976, 43 USC Secs. 1701-1782. 

Federal Water Pollution Control Act, Clean Water Act of 1977, 33 USC Secs. 1251-1376. 
,; 

Fish and Wildlife Coordination Act 16 USC Secs. 661-666c. 

Forest and Rangeland Renewable Resources Planning Act, 16 USC Secs. 1600-1676. 

General Bridge Act of 1946, Construction and Operation of Bridges, 33 USC Secs. 525 at seq. 

Hazardous Materials Transportation Act, 49 USC Secs. 1801-1812. 

Hazardous & Solid Waste Amendments of•1984, 42 USC Secs. 6901-6987. 

Historic Sites, Buildings and Antiquities Act, 16 USC Secs. 461-469c. 

Interstate Commerce Act, Part II; Motor Carriers, 49 USC Section 303, Definitions.-: 

Marine Protection, Research and Sanctuaries Act of 19722; 33 USC Secs. 1401-1444. '' 

Materials Act of 1979, 30 USC Secs. 601-604, 611. 

Migratory Bird Treaty Act, as amended, 16 USC 

Multiple-Use Sustaine&lield Actil6USC,Secai 528-531. 

National Environmental Policy Act , of,1969',142 USC Set. -4332.- H 

National Forest Organic Legislation, 16 USC Sec. 475. 

National Historic Preservation Act of 1966, as amended, 16 USC Secs. 470-470w-6. 

National Park System Mining Regulation Act, 16 USC Secs. 1901-1912. 

National Trails System, 16 USC Secs. 1241-1251. 

National Wildlife Refuge System Administration Act of 1966, 16 USC Secs. 668dd-668ee. 
. , 

Noise Control Act of 1972, Quiet Communities Act of 1978, 42 USC Secs. 4901-4918.. 
• 'I 	711 	i' 

Nuclear Waste Policy Act of 1982, 42.USC Secs. 10101-10226. 
• • 

Objects Affecting Navigable Air Space, 49 USC Sec. 1501. 

Organic Act of the National Park SerVice 16 USC. Section 1. 

Permits to Examine Ruins, Excavations, and Gathering of Objects; Regulations, 16 USC Section 
432. 	 .:'.2 

Preservation of Parklands, 23 USC Section 13: 

Quiet Communities Act of 1978,•12 USC Section-M 

Rivers and Harbors Act, 33 USC Secs. 401-413. 
:1 

Safe Drinking Water Act, 42 USC Secs. 300f-300j-10. 
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Sikes Act, Amendments of 1978, see Cooperative Plan; Hunting and Fishing Permits, 16 USC 
Sec. 670a. 

Solid Waste Disposal Act, Resource Conservation and Recovery Act of 1976 42 USC Secs. 6901-
6987. 

Taylor Grazing Act, 43 USC Secs. 315-316o. 

U.S. DePaitment'of Transportation /as t  see Preservation of Parklands, amd Interstate Commerce 
Act. 

Wild and Scenic Rivers Act 16 USC Secs. 1271-1287 .. 

Wild Free-Roaming Horses and Burros Act as amended 16 USC Secs. 1331-1340. 

Wilderness Act, 16 USC Secs. 1131-1136. 

E0 11593, cited with National Historic Preservation Act of 1966, as amended. 

EO 11988, Compliance with Floodplain Environmental Review Requirements. Floodplain EzecutiVe 
Order. 

EO 11990, Protection of Wetlands, May 24, 1977. 

EO 12088, cited with Clean Air Act, as amended. Fedetal Water Pollution Control Act. -Solid 
Waste Disposal Act. Noise Control Act. Safe Drinking Water Act. ,   

DOE 5500.3 Reactor and Nonreactor Nuclear Facility Emergency Planning, Preparedneas and 
Response Program for Department of Energy. 

DOE 4300.1A Real Estate (Real Property Management). 

6.5.3 State of Utah Laws  

Air Conservation Act, Utah Code Ann. Secs. 26-13-1 to 26-13-30 (Supp. 1984). 

Appropriation - Manner of Acquiring Water Rights, Utah Code Ann. Secs. 73-3-1. 

Forestry Utah Const. Art. XVIII, Sec. 1, Utah Code Ann. Secs. 24-2-3 and 12, 65-1-108, and 
65-2-1 to 4 (1953 & Supp. 1983). 

Hazardous Materials, Utah Code Ann. Sec. 41-6-154. 

Hazardous Waste Facilities Management Act, Utah Code Ann. Sec. 26-14b. 

Hazardous Waste Facility Siting Act, Utah Code Ann. Secs. 26-14a-1 through 26-14a-9. 

(Heritage Tree Protection, see Parks and Recreation, Heritage Trees) 

(License for Well Drillers, see Water and Irrigation, Wells) 

Materials Permit, Utah Code Ann. Sec. 65-1-15(4), (rev. 1983; proposed for amendment 1985). 

Mined Land Reclamation Act, Utah Code Ann. Secs. 40-8-1 et seq. (1981 ed. & Supp. 1983). 

Parks and Recreation, Heritage Trees, Utah Code Ann. Secs. 63-11-57 through 63-11-59. 

Parks and Recreation, Utah Code Ann. Secs. 63-11-1 to 65, 65-1-108, and 65-2-1 to 4 (1953 & 
Supp. 1983). 
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Resource Development Coordinating Committee Act Utah'COde Ann. Sec. 63-28a-I at seq. (rev. 
1985). 

Righti-Of-WayiUtah Code Ann.:Sect. 65-2-1 through155-2-4. ' 	• 

Safe Drinking Water Act of Utah, Utah Code Ann. Secs. 26-12-1 to 26-12-12 (1981 ed.). 

Solid and Hazardous Waste Act, Utah Code Ann. Secs. 26-14-1 to 26-14-18 (1953, 1984 ed.). 

(Special Use Lease of State Lands, see State Lands, Surface leases.) 

State History, Utah Code Ann. Secs. 63-11-2 and 63,18=25 (1951 Es'Supp. 1983). • 

State Lands, Surface Leeries t  Utah 7 Code- Ann:'Sie. 65-1-108. 

Utah Air Conservation Regulations, Utah State Division of Health, Conservation Committee, 
(rev. January.4, 1985). • - 	- 
Utah Solid Waste Disposal Regulations (Utah State Board of Health) (adopted 1974, amended 
1981).  

Utah Water Quality Standards, Utah State Division of Health, Wastewater Disposal Regulations, 
Part II, rev. through September 18, 1984. 

Utah: Water Quality Standarda,•Utah Staie'Division of Health, Wastewater Disposal Regulations, 
Part VII, Underground Injection-Control'Program, May 2, 1985.  

Water and Irrigation, Relocation of Natural Streams 'Utah CodeAnn..Sec. 73-3-29. 

Water and Irrigation, Wells, Utah Code Ann. Sec. 73-3-25. 

Water Pollution Control Act of Utah, Utah Code Ann. Secs. 26-11-1 to 26-11-20 and 26-15-4 
(Sapp. 1984). 

Wildlife Resources Code of Utah, Utah Code Ann. Secs. 23-13-1 at seq., 23715-1 at seq., 23-16-
1 at seq., 23-17-1 et,seq:, 23-18-1 et-seq.,'aid 23-21-let seq. (1953). 

". 	 . 
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APPENDIX 6-A 

ESTIMATION OF THE EXTENT.OF THE DISTURBED ZONE 

This Appendix presents only a preliminary and conservative description of the "disturbed 
zone" and, in view of the limited thermal, mechanical, and hydrologic data existing on the 
host rock at the site, estimates of the disturbed zone are very likely to be revised following 
site characterization. The extent of the disturbed zone depends on the interaction of 
thermal, mechanical, and hydrologic effects. The disturbed zone is defined as "that portion 
of the controlled area, excluding shafts, whose physical or chemical properties are predicted 
to change as a result of underground facility construction or heat generated by the emplaced 
radioactive waste such that the resultant change of properties could have a significant effect 
on the performance of the geologic repository" (10 CFR 960.2, DOE General Guidelines for 
Recommendation of Sites for Nuclear Waste Repositories, December 6, 1984, p. 3). The defini-
tion is consistent with that given in 10 CFR Part 60; however in order to be useful, the 
dimensions of the disturbed zone must be quantified. 

What Constitutes a Significant Effect on Performance?  The guidelines specify that 
"significant effect" be evaluated. However, there is no definition of this phrase. The_ 
following discussion defines "significant effect." Since the disturbed zone is aisociated ,  
with the gedlOgic setting performance measure, a significant effect must be defined relative 
to changes in ground-water flow or radionuclide retardation that jeopardize the ability of &- 
particular site and associated repository design to satisfy the radionuclide release limit to 
the accessible environment. There are two ways in which changes might jeopardize the ability 
to demonstrate compliance with radionuclide release limit standards: 

1. Changes in ground-water flow characteristics or radionuclide retardation character-
istics over a sufficient portion of the path to the accessible environment that the 
ability to meet the limit on release to the accessible environment is jeopardized. 

2. Changes cause sufficient disruption over some limited portion of the path such that 
uncertainties in predicting long-term behavior are large enough to warrant discount-
ing that part of the path in demonstrating compliance with the performance measures. 

If condition (1) exists, it is likely that a site will be disqualified; in practical 
terms, the definition of a' disturbed zone within an acceptable site is best defined'by condi-
tion (2) above. 

Potential Causes of Changes.  The processes and phenomena that might affect' long-term 
ground-water flow and radionuclide transport have been identified ast 

Construction And Operation Related  

• Mechanical effects on properties of rock 
- Induced fractures 
- Changes in existing fracture aperture 
- Crystal relaxation 
- Subsidence due to room closure 

• Chemical effects on radionuclide transport 
- Introduction of oxygen, exhaust gases,.etc. 
- Introduction of microbiologic organisms.' 
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Waste Related  

• Thermal-Mechanical 
- Thermal expansion of rock 
• changes in permeability 
• changes in porosity 
• uplift of stratigraphy 

- Creep closure of fractures 
• resultant rock flowage 
• closure of fractures 

Thermal-Hydrologic 
- Fluid density and viscosity changes 
- Brine migration 

Thermal-Chemical 
- Changes in natural chemical reaction rates, especially dehydration 

• Radiation 
- Radiolysis of ground water 
- Crystal structure changes. 

The definitions of the disturbed zone presented in the DOE Guidelines and in 10 CFR Part 60 
explicitly mention changes resulting from underground facility construction , and heat generated 
by the emplaced radioactive wastes. Therefore, this discussion includes operational effects 
(e.g.,,effects of ventilation), radiation effects, heat effects, and construction effects. 

Physical 	Extent of Potential Changes.  At this,time, there are neither sufficient site- 
specific data nor sufficient definition of the site-specific repository , design to precisely 
quantify the extent of the disturbed zone. However, estimates of the extent of various 
effects can be made from observations of salt behavior in mines at other locations and general 
knowledge of the change of salt properties with temperature and pressure from laboratory tests 
and calculations. 

Construction and Operation Related Changes.  Summaries of existing data related to flow 
or mechanical effects are presented below. The present data indicate that mechanical effects 
may , be Limited to no more than 15 meters (49 feet) from the excavations (rooms, tunnels, 
etc.). Field and laboratory measurements show that associated crystal relaxation tends to 
affect hydrologic properties of the host salt (e.g., permeability) only a very few,meters, 
typically less than 10, into the walls of the pillars. Specific evidence includes- the ,  
following: 

1. Field observations in Cote Blanche Island sal; mine (Golder Associates, 1977, 
pp. 70-71) and Weeks Island Mine (Acres American, Inc., 1979, p. 20) indicate that 
mechanical effects of excavation and resulting relaxation of the host rock causes 
fracturing and slabbing of the salt to a depth no greater than i. to 2, meters (3.2 to 
6.6 feet) into the pillars for rooms that averaged about 8 ' deters (25 feet) in 
height. 

2. Additional field evidence is developed from the use of extensometers to measure dis-
placements around a 5.5-meter (18-foot) shaft in salt in Saskatchewaniat a depth of 
939 meters (3,080 feet)' (Barron and TOWS, 1963, , p. 122). These measurements 
indicated constant-volume creep at distances into the rock up to 2.1 meters 
(6.9 feet) and evidence of compaction ,  of axe/rotation-damaged rock in a surface "skin" 
about 1.2 meters (4 feet) thick. Barron and TOews (1963, p. 122) state, "The fact 
that creep proceeds without change of volume between the 4-'foot and 10-foot points  
indicates that during the period of observation, there is no significant change in 
material properties of the salt between these two depths."  



3. In situ permeability tests have been conducted in Grand Saline and Weeks Island 
mines (Aufricht and Howard, 1961, and Acres American, ,Inc., 1977; 1979). In these 
tests, with packers set at varying depths, permeabilities decreased•significantly 
with depth from the mined opening: at 0.6 to 1.5 meters (2 to 5 feet), 
permeabilities averaged about 0.3 millidarcy with measurements as high as 
6 millidarcis; and at 4.5 to 9 meters (14.8 to 29.5 feet), permeabilities ranged 
from 1.5 down'to 0.001 millidarcys.-  These results are consistent with the slabbing 
observations -and suggest a disturbed zone extending no more than,a few meters 

'Atypically 1 to 2 meters [3.3 to 6.6 feet]). 	( 
. 	, s . 

4. The interpretation of these observations is aided by laboratory tests showing that 
isalt•permeability depends on confining stress: *Results from severalsources 
(Reynolds and Cloyna 1960; Lai, 1971; Sutherland and Cave, 1978) show permeability 

A *.:° ceduces by 5 to 6 ordersfof magnitude as confining stress increases from zero to . 
.:, 70 mPa (about 10,000 psi). - .Results of such laboratory work were compiled by 
=, ' ,Isherwood (1981)• 	 . 

5. Nair -and Singh (1974) disOuss a creep-rupture failure mechanism through which 
*macroscopic fractures slight :be generated at a•alt shaft or tunnel opening. Such 
ruptures might occur in:a shallow.  zone. (1 to2 meters [3.3;to 6.6 feet]) around an 
opening, but propagation of the failed zone would be prevented by increased 

IConfining pressures at- It:eater depth.into the.pillars (Kelsall; et al., ;1982 ONWI-
405, p. 88). 

6. 'Field.measurements-by the DOE-(1983, Figure 9-1; 1985; Figure - 4-3) show that 
extensometer displacements end approximately 15 meters (49 feet) above:the roof of a 
tunnel in a bedded salt. In this case, the DOE assumed an approximate zero strain 
boUndary toCorreSpond 'to the limits oflaechanical disturbances. 

. 	, 	 . 	 . 

. Visual interpretations of the disturbed zone at domal salt sites - (Golder Associates, 
Inc., 1985, Table 4-1) suggest maximum slabbing depths of 5 meters (16.4 feet), 
fracture depth of 6 meters (19.7 feet) 'palling depths of 4.5 meters (14.8 feet), 
blast.fracturesidepth of '0.6 meter (2 feet),,and other excavation damage of 3 meters 
(9.9 feet). 	is 	• 	' 	 . 	 ' 

8. Estimates-of fricture.depths Of15 meters (49ifeet) by Kupfer.(1980) -arespeculative 
and notfiubstantiated by)the generic data base developed-by Colder Associates,-Inc.,, 
(1985). In fact, ,telephone interviews documented3by Colder Associates, Inc. (1985)f 
state that Kupfer was not aware of any quantitative information on this subject. 
Kupfer (Colder' 	Inc., 4985) believes that the old rule _of thumb of 
fractures extendinet half Width of an opening is stili'valid. For the EA ° 
repository design; this --gives :a disturbed zone -of 2:3 meters (7.6•feet) for CHLW an 

:-SFroomso.nd 2.9 (9.5 feet) meters for DHLW:roomS.  
f 	 .. 	!!. ,`• 	 `-C 	 ' 	 ' 	 I'! ' ; 	 , 

.. Colder Associated, Inc. - (1985i - Section .C2) discusses permeability teits from 1.5 to 

. s 8 meters (4.9.to°26.3 feet)oand beyond 6 meters-(19.7, feet) thatt-suggest that; - 
fracturing has little effect ivthese depths, 1 because measured . permeabilities 
represented lower limitudf testing equipmentOnd.not actual (lower) permeabilities 
of the silt.•'rConsequeitly, -,even with estimates-of a-somewhatslarger . zone of 

r...mechaniCal distuibance ltpeimeability measurements still. indicate.that it is unlikely 
'that . fluids could leave - thchost•salt.., 	( 	- 

In summaryp'the DOE his...estimated a amchanically disturbed Lane of-151meters and , . 
recognizes thit - definition - oUthe zone'of mechanica1,disturbance depends on the.following 

' 	TA , 	f 	' 	J.:1 	' 	,, 	2 	 4--  .f  - - 

• excavation method 	.- c 	 ;: • 

• extraction ratio 
• room size and shape 
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• site-specific in situ stress field 
• site-specific geological structure 
• site-specific mechanical properties. 	 1 , i 

Therefore, only after site characterizatioavand design selection can the DOE estimate-more 
reliably the extent of the disturbed zone. In addition, the notion that "significant" 
mechanical disturbance extends to the point of zero strain may prove to be toofacile when the 
impact on radionuclide transport is considered. Mechanical disturbance may affect 
radionuclide disturbance for only much shorter distances according to field permeability tests 
reviewed by Golder Associates, Inc. (1985). 

Chemical Effects on Transport. • The introduction of oxygen, exhaust gases, microbiologic 
organisms, etc., onto mine surfaces during construction or operation may result in chemical 
changes that win influence radionuclide mobility..•The potential effects of the introduction 
or removal of moisture from the mine by thefventilation system are also of interest: ,  A small 
ground-water flux at a low velocity , is projected under limiting studies (Sections. 6.4.2.3.5 
and 3.3.2.1; Cureghian et al., 1983, ONWI-494; D'Appolonia, 1980, ONWI-239). Radionuclide 
transport is expected to be controlled,  sufficiently by such ,  low hydrologic fluxes, low ground-
water velocities, , and expected waste package performance (Section 6.4.2.3).. Thus, effects of 
introduced chemicals on radionuclide transport are not.expected.to  be significant. 

Waste-Related Processes/Phenomenon.  The thermal-mechanical effects of interest include 
the following: 

'e Thermal 	of:the vocks resulting from heat generatedby the:emplaced 
waste 	 - 4 

• Mechanical effects of this thermal expansion coupled with potential subsidence of 
the overlying strata (particularly aquitards between overlying aquifers and the 
salt strata)J 

• Effects in the immediatovicinity of the repository openings, including:room 
closure, bedding-plane slip, fracture healing, backfill consolidation, and 
changes in the hydrologic properties of the host rock interbeds.. 	. 

These can be summarized by two basic concerns: (I)• the potential for fracturing . 7  

aquitards from the thermal behavior of host formations, and (2) the changed in hydrologic pro- 
perties in the immediate vicinity of repository openings due to thermal-mechanical processes. 

Thermal Mechanical Effects 'on Properties' of the Rock.  The potential'for'fraCturing 
aquitards by thermal expansion of the host formation has been - estimated in calculations 
performed to'support the Generic'Environmental Impact Statement on Commercial Waste.Management 
and to support the International Nuclear Fuel. Cycle - Evaluation.Studied.' Most pertinent to the 
salt sites are analyses recently performed for Palo Duro Basin and Paradox Basin locations 
(Loken et al., 1984). IThese calculations define a tensile zone - in which' the tensile- stress 
due to thermal expansion exceeds\ compressive forces due tothe weight of - the overburden. 
Within the elasticlinitatelement model. , thermal expansion will cause'a,tensile , zone.to exist 
from the Earth's durfaca to the depth where the weight of the overburden balances: the tensile 
stresses due to the thermal expansion. For the Davis Canyon'site, the tensilezOneis 
estimated to eitendlfrom.the surface to a depth opabout 190;meters1(623feet)i -The top of 
the first aquitard, between the upper aquifer and the salt, is at., a depth of'about-700 to 
800 meters (2,300 to 2,625 feet) (see Section 3.2.3.2). The depth to which the tensile zone 
is estimated to- extend is well.above thOaquitard. The uncertainty? in the depth to whichithe 
tensile: zone' extends is on the ordet of: tufew tent - of meters. Thereforeiatlthe Davis: Canyon . 
site, thermal expansion should not affect aquitard stability and need not be considered in 
defining the extent of the disturbed zone. 

*"1 	 ' 	 '• 
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Various analyses and tests discussed below indicate that, with time, the hydraulic 
transmissivity of the backfilled openings and the zone 	rock disturbed by the construction 
procesi is reduced by -creep closure. These tests indicate that this process of reducing 
porosity and permeability is accelerated by heat and pressure. 

Openings in salt at depth tend to close. For example, there are 10 years of observations 
reported on the - Esterhaiy Mine in Canada (Mraz, 1978), 20 years of measurements from JeffersOn 
Island Mine,in Louisiana (Wynn, 1965), and 5 years of data from Weeks Island Mine in Louisiana 
(Acres American, Inc., 1979). In all cases the openings tend to close with time, although the 
rate of cloture-is sitedependint. 

The procest of fracture healing must be considered when determining the thermal-
mechanical effects on the disturbed zone created by construction. Limited data available from 
laboratory testing indicate the degree and rate of healing that might be expected undeirepos-
itory conditions. Tests at Sandia (Costin and Wawersik, 1980, SAND80-0392) created "a fracture 
in intact WIPP salt specimens. 'Then the specimeris were pieceetogether-and subjected.to .high 
temperatures '(up to 100 C [212 F)) and pressures (up to 35 mPt [abOut 5000 psi]) to'heal 'the 
fracture. The specimens•werelthen refractured to determine the degree of healing by measuring' 
the stress required to refiactUre the'specimen compared with that tequired for original ' " 
fracturing. Results indicated that up to 80 percent 'of original ittrength wai atiainedvithin  
a few days for all conditions except the lowest temperatures and pressures. 'Even at•22 C 
X72 F) and 10 mPa (about 1450 psi), the strength of the fracture was on the cmder of 20 to 30 
percent of the intact strength after'a few days. Agait,'the:specific data are not as 
important as is the indicitionthat, - as compaction 'of the backfill material proceeds; 	- - 
prestures will begin to'increase. As resistance'of the batkfill increases, pressures - will 
time be attained that are eifficient'at repository temperitures to begin healing'any ftactures .  
in the in situ salt, thus ieduting'its porosity and permeability. Temperature and pressure 	- 
will act to reduce - the porosity and - permeability of the in situ salt rather than to generate 
or propagate cracks.  

Based on the limited testing of fracture healing mentioned above, it is concluded that 
fractures in the salt adjacent to a bulkhead placed in an opening in'salt should be 'closed, if 
not totally healed, within a period of tens-of years following bulkhead construction. The 
joints formed in salt should also be healed , within -a similar period.r- 

. 	, 
In summary, thermal-mechanical effects on the hydrologic properties of the rock in the 

vicinity of the repository openings only reduce the potential foi flow through these openings .  
with time.  .    

Thermal-Hydrologic Effects.  A main factor that can affect the extent of the disturbed 
zone is the dittance over which waste-generated heat affects the movement'of ground water from 
the repository'through salt.' There art two distinct phenomena discussed' under' this topic: 
(1) The effect on ground-water flow caused by changes in water density and viscosity and (2) 
the potential for brine migration due to a thermal gradient. 

Preliminary calculations using finite-element modeling quantify the effect of heat on 
ground-water flow through the Palo Dul!) Basin. 'The magnitude of the effect should be similar 
for sites in the Paradox Basin. It was assumed that porous medie(Darcy) flow is an appropri-
ate representation of ground-water movement through salt. Under these assumptions, the pre-
waste-emplacement interstitial ground-water velocity in the Palo Duro salt sequence was 
predicted to be downward at about 2 x 10 -5  meter per year for a hydraulic conductivity of 
10-6  meter per day (0.0012-millidarcy) for the salt, and downward at about 1 by 10 -3  meter per 
year for a hydraulic conductivity of 10 -4  meters per day (0.12 millidarcy). 

 
With heat generation equivalent to that of the conceptual repository design (Reference 

Repository Conditions Interface Working Group, 1983, ONWI-483, Table'2-1, p. 8) superimposed 
on the evaporite formation, a time-dependent flow velocity was predicted in the salt between 
the Yates Formation and the Lower San Andres Unit 4. However, the velocities remained small 
for all cases modeled. A summary of results is presented below: 

64C=5 



Steady State 
Interstitial: Velocity 
(Pre-Waste Emplacement)  

Assumed Hydraulic 
Conductivity for 
Salt, m/dav (md)  

10-6  (0.0012) 

Approx 

Approx 2 z 10-5  m/yr 

' 

Interstitial. Velocity .  

(Considering Waste-Induced Heat)  

3 x 10-2  m/yr at 100 yr . 
 

1.2 x 10-3  m/yr at 1,000 yr 
1 x 10-3  m/yr at 10,000 yr 

1.5'x 10-3  m/yr at 100 yr 
4 x 10-4  m/yr at 1,000 yr 
1 x 10-4  m/yr at 10,000 yr 

From the above data, an estimate can be made of the distance traveled by water from the 
vicinity, of the repository toward the accessible environment while flow is influenced by the 
waste-induced heat. This distance reflects the potential impact of waste-induced heat on 
radionuclide transport. Even at a high value of hydraulic conductivity for salt (10-4  meter 
per day), the ground water is predicted to travel 10 meters (33 feet) or less from the 
repository in 1,000 years. In less than 10,000 years, the flow regime will have returned to 
near its steady state condition. 

For a hydraulic conductivity of 107 6  meters per;  day (0.0012 millidarcy) (still fairly 
high for salt), the simulation indicates a similar distance traveled (less than 10 meters 
[33 feet]) before steady-state conditions return. . For this lower hydraulic conductivity, the 
predicted velocities are lower, but the period during which heat influences the flow is 
longer. These two factors tend to compensate for one another resulting in a similar distance 
traveled while flow is influenced by waste-induced heat. Therefor*, it,appears that the 
effects of waste-generated heat on ground-water flow through salt might affect repository 
performance (radionuclide transport) over distances of about 10 meters (33 feet). 

Brine migration due to the temperature gradient in the vicinity of the waste package 
affects the water content , of the salt only a few meters into the salt (Section 6.4.2.3.2 and. 
RRC-IWG, 1983, ONWI-483, pp. 17-21). The initial water movement is toward the thermal source, 
not away from it. 

Radiation Effects.  Radiation affects host salt properties only in the immediate vicinitT 
of the waste packages, on the order of 1 meter (3.3 feet) or less into the salt (Reference 
RRC-IWG, 1983, ONWI-483, pp. 24-30). 

. Conclusion.  Several processes and phenomena that could affect .the rock surrounding the., 
repository have.been discussed. Results show the following estimates.for disturbed-zone size: 

Disturbance 

Mechanical 

Range 

less than 15 meters (49 feet) (uncertain, depending on mining 
parameters; site-specific data required) 

Chemicia 

Thermo-Mechanical 

Thermal-Hydrologic 

Radiation 

expected to be insignificant 
/ 

disturbance tends,to close opening and heal host rock fractures 

about 10 meters (33 feet) 

less than 1 meter (3.3 feet) 
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On the basis of this discussion, the maximum range of the disturbed zone is estimated to 
be about 15 meters (49 feet). There is uncertainty in this estimate for mechanical 
disturbances because the extent of mechanical and hydraulic effects depends on site-specific 
data. Therefore, this estimate may be revised when site-specific data at the repository 
horizon become available. 
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Chapter 7 

COMPARATIVE EVALUATION OF NOMINATED SITES 

7.1 INTRODUCTION` 
- 

7.1.1 PURPOSE AND REQUIREMENTS  
).,. 

This chapter, presen;t '  s a comparative evaluation of the five sites 
nominated as suitable for site charaCterization: '• Davis Canyon, Deaf Smith 
County, Hanford, Richton:Dome, and Yucca MOuntain . (see Figure 7-1). Each site 
is a preferred site within a geohydrOlogic setting: Davis Canyon is in the 
bedded salt of the Paradox Basin inlitah; Deaf Smith County is in the bedded 
salt of the Permian Baiiii in Texas; Hanford is in basalt in the .Columbia 
Plateau in Washington; Richton is a salt dome in Mississippi; and Yucca 
Mountain is in tuff in:theSouthern Great:Zemin in Nevada. The process that 
led to the identification-Of-these sites is , described in Chapter, 2..; 

:. 	• ... 	.. 	. 	_ 	_ 	. 
; The major objective of this 'chapteris to present a Comparative 

evaluation of the ̀'sites proposed for nomination in order to satisfy the 
following requirements: 	4 	. 

1. Section 1/2(b)(E)(iv) of the Nuclear Waste PoliCiAct of 1982 (the 
Act), which required . -that .a "reasonable comparaiive evaluation" be 
included in the environmental assessments that accompany site 
nomination. 	..  , 

'.; 2.
, 
 'Section 960.3-2-2-3.6f DOE't

;
Ositing guidelines (10 CFR Part 960), 

'which requires that a reasonable comparative evaluation be made and 
that.a summary of evaluatiopi with respect to the qualifying 

, . 	condition for each guideline be provided to "allow comparisons to be 
, . 	made among sites on the basis of each guideline." 

This comparative evalUatioa-ii- intended to facilitate the comparison of 
the more-detailed suitability evaluations reportedfor each site in Chapter 
6. The comparison` shouldassist the reader in understanding the basis for the 
nomination of five sikesas suitable for characterization (Section 112(b)(1)(A) 
of the Act); it is not iatendedAo directly support the subsequent 
recommendation of three sites for characterization as candidate sites. : 

7.1.2 APPROACH AND ORGANIZATION  
l'.-. • .• • . 	 . . • 

This comparative evaluation of the,five nominated sites is based-on'the 
postclosure and the preclasure guidelinei (10 CFR Part 960, Subparts-B-and C, 
respectively). The reader ia-refeiied,to Chapter 6 for a detailed discusiion 
'of the structure and the content of the siting guidelines. The evaluation 
presented in this chapter includes both the system guidelines and,the 
technical guidelines. 	. . 

. 	) 
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Figure. 7-1 . Sites selected for nomination: 



The'comparison of the sites againat.each technical guideline uses*the 
information from the guldeline:evaluations presented in .Chapter fl'of the five 
environmental assessments, whereas the comparisons against the system 
guidelines summarize directly the evaluations reported in Chapter 6. The 
approach used to compare the sites against each technical guideline is 
summarized below. 

In order to.facilitate the comparison of sites on the_basis.pf:eaCh 
qualifying condition, major considerations were derived by identifying the 
favorable, potentially adverse, and disqualifying - conditions that deal with 
the same general topic. Contributing factors representing site character-
istics that are-potentially important to`each majorconsideration vere.also 
identified. The relativeAMportance of the major conSiderationsmas: 
determined primarily by 'the degree tomhichthey - contribute totheAualifying 
condition; that is, the stronger.'the tie between the consideration and the 
qualifying condition, the greater . the importance of the consideration.' Each 
site was evaluated in.terms'.of each major consideration, taking into account 
the contributing factors:at that site.[: 

The purpose of identifying major considerations for each guideline-is-to 
combine closely related site conditions so that the favorable and potentially 
adverse conditions can be considered on balance A major consideration,may be 
broader in scope than the combined scope of the related favorable and 
potentially adverse conditionsi.-in order for it to relate-more directly to the 
qualifying , condition. Most guidelines' that contain a 'disqualifying condition 
have one or mdreIbtentially adverse conditions that are related - to the 
disqualifying condition. -Since these potentially adverse conditions are 
considered - in the formulation ofla major consideration, the important aspects'
ofithetisqualifying-conditions indirectly enter the comparative evaluation. 
Where a major consideration that is heeded to - evaluate-the qualifying' 
conditiontoes not have a related °favorable or potentially adverse condition, 
the consideration is derived directly from the qualifying or 'disqualifying
condition. Not'all contributing factors are discussed for each site; for 
brevity, only the factors -that:contribUte.to theevaluation of that` 
consideration are discussed. •The evaluation of each site with respect to each 
major consideration is presented in alphabetical. order,_ 	- 

The major -considerations for the guidelines -were then considered 
collectively, taking intolmcount their relatiVe importance', in iFcOmparative:. -  
evaluatioh'oUthe sites. Thig comparative' evaluation describes the sites with" 
the: ostJavorable , combination.of characteristics first and those with•a'lesi -
favorable combination of'characteristics 

The' comparative evaluatioba oUthe sites are-summarized in , Sections'7.2::-, 5 
and 7.3 for the•postclosure and.the:preclosure guidelinesiirespectively. 

7.2:'.CCOPARISON OF , THE:SITES'ON THE BASIS OF- THE POSTCLOSUREGUIDELINES 

The postclosure guidelines are concerned with the characteristics, 
processekiAinCevents - that may affect the performance' of the repositoryafter 
closure.LTheobjective is to ensure Abat -the'health and , safety of the public- • 
will be , protected . for thousands of yearsiuntil the radioactivity Of the'waste 
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has diminished to safe•levels..' This section presents a comparative evaluation 
of'the'five nominated sites against the pOstclosure guidelines. 

7.2.1 TECHNICAL GUIDELINES 

7.2.1.1 Geohydrology (postclosure)  

The qualifying condition for:geohydrology is as follows: 

The present and expected.: geohydrologic setting of a site 
shall be compatible -with waste containment and isolation. The 
geOhydrologicsetting, considering the characteristics of and 
the processes operating within the geologic setting, shall 
permit compliance with II), the requirements specified in 10 CFR 
960.4-1 for radionuclide releases to the accessible environment 
and (2) the requirements specified in 10 CFR 60.113 for 
radionuclide releases from the engineered-barrier system using 
reasonably available technology.: 

On the basis of the favorable and potentially advents conditions for this 
guideline, four major considerations (see Table 7-1) are 'identified that,. 
influence the favorability of the site with respect to the. qualifying 
condition. These major considerations, in decreasing order of importance, -  are 
(1) ground-water travel time. and flux, (2) changes in geohydrologic processes 
and conditions, (3) ease of-characterization-and modeling, - and:.(4); presence of' 
suitable ground-water. sources.. These major considerations.are, in turn,. 
influenced by a number otmore specific geologic and - hydrologic properties and 
in situ conditions called-contributing factors. 

Evaluation of the:sites with respect 'to major considerations  

Ground-water travel time and' flux.:-This consideration covers the' 
geohydrologic conditions that control the time of ground-water travel between 
the disturbed zone and the accessible environment and the ground-water:flux 
(volumetric : flow,rate) across or through-the repository and through the host 
rock to the accessible-environment.. It is related directly to the qualifying': 
conditionas:&measure of the; amount of.ground water that can come in contact 
with the waste, the amount of ground water available to transport . -  
radionuclidekbetween the repository and the accessible environment, the time 
delarfor:these radionuclides to reach the accessible environment, and they' 
time availableJor,radioactiviv decay during transport. This major: 
consideration is derived from the first, fourth, and fifth favorable . 
conditions of the geohydrology guideline. It is the most important of.the 
major considerations because transport by ground water is the primary 
mechanism for radionuclide movement from the repository to the 'accessible ,, 
environment. 

The-contributing factors for this-consideration include the hydraulic.: _ 
conductivity and gradient, the effective porosity, the degree of,daturationi! 
the depth to the water table, the presence.of flow through fractures or .porous' 

• 
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NP 

NA. 

Table 7-1. Guideline-condition findings by major consideration --geohydrology a,b  

Davis 	Deaf 	Richton 	Yucca 
Condition 	Canyon • • - Smith 	• Hanford - Dome 	Mountain 

MAJOR CONSIDERATION 1: • GROUND-WATER TRAVEL TIME AND 'FLUX 

Favorable condition 1 . 

Site conditions such that the pre-waste-
s:placement ground-water travel time 
along any path of likely radionuclide 
travel from the disturbed tone to the 
accessible environment would be Eyre 
than 10,000 years. 

Favorable condition 4 

For disposal in the saturated tone, 
at least one of the following 
pre-waste-emplacement conditions exists: 

(1) 	A. host rock and immediately 
surrounding geohydrologic units 
with low hydraulic conductivities. 

(ii) A downward or predominantly 	. 
horizontal hydraulic gradient in the 
host rock and in the immediately 
surrounding geohydrologic units. 

(iii) klaw hydraulic gradient in and e_ 
between the host rock and the 	' 
immediately surrounding 
geohydrologic units. 

(iv) High effective' porosity together 
with low hydraulic conductivity in 
rock units along paths of likely 
radionuclide travel between the 
host rock and the accessible 
environment., 	 NP 	NP 

Favorable condition S 

NA 

NA 

NA 

for disposal in the unsaturated zone, 
at least one of the following pre-waste-
emplacement conditions exists: 

(1) 	A low and nearly constant degree 
of saturation in the host - rock and 
in the immediately surrounding 
geohydrologic units. 

(ii) A water table sufficiently below 
the underground facility such 
that the fully saturated voids 
continuous with the water table 
do not encounter the host rock. 

(iii) A geohydrologic unit above the host 
rock that would divert the down-
ward infiltration of water beyond_ 
the Units of the enplaned waste. 

(iv) A host rock that provides for 
free drainage. 	- 

(v) A - climatii regime in which the 
average annual historical 	' 
precipitation is a small fraction 
of the average annual potential 
evapotranspiration. 

NA 

HA 
	

NA NA 
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Table 7-1. Guideline-condition findings-by major consideration--geohydrologya.b(continued) --  

Condition 

	

Davis 	Deaf -- 	'Richton' Tucca 

	

.Canyon 	Smith 	Sanford 	Dome 	Mountain 

MAJOR CONSIDERATION 2s CHANGES IN GEOHYDROLOGIC PROCESSES AND CONDITIONS 

Favorable condition 2 

The nature and rates of hydrologic 
processes. operating within the geologic .. 
setting during the Quaternary Period 
would, if continued into the future, not 
affect or would favorably affect the 
ability of the geologic repository to 
isolate the waste during the next 
100,000 years. 

Potentially adverse condition 1 ' 

Expected changes in geohydrologic 
conditions--such as changes to the 
hydraulic gradient, the hydraulic 
conductivity,. the effective porosity, 
and the ground-water flux through the 
host rock and the surrounding geohydro-
logic units-sufficient to-significantly 
increase the transport of radionuclides 
to the accessible environment as coepared 
with pre-waste-eoplaceoent conditions. NP 

	
NP 

MAJOR CONSIDERATION 3s.. EASE OP CHARACTERIZING AND MODELING .  

Favorable condition 3 

Sites that have stratigraphic, 
structural, and hydrologic features 
such that the geohydrologic system 
can be readily characterized and' 
modeled with reasonable certainty. 

Potentially adverse condition 9 

The presence in the geologic setting 
of stratigraphic or structural features-- 
such as dikes, sills', faults, shear 
zones, folds, dissolution effects, or 
bring pockets--if their presence could 
significantly Contribute to the difficulty 
of characterising or modeling the 
geohydrolOgic systen. 	 11;  

MAJOR CONSIDERATION 4: PRESENCE OF SUITABLE GROUND-WATER SOURCES 

Potentially adverse condition 2 

The presende of grouid-water sources, 
suitable for crop irrigation or human 
consumption without treatment, along 
ground-water-flow paths from the host 
rock to the accessible environment. 

a keys NA ■ not applicable; N2 • for the purpose of this comparative eveluationgthe. 
favorable or potentially adverse condition IA not present at the site; P a for the purpose of 
this cooperative evaluation, the favorable or potentially adverse -  condition is present,at.the site. 

b Analyses supporting the entries in this table are presented in Chapter 6 of 
environmental assessment for each site. 
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media; net:inflltration,rthe.extent of',the disturbed zone and the, distance to 
the7accessible environment.ii 

At each of the sites there ,Aredncertainties in the : conceptual model of 
ground-water flow, including the values of the key hydraulic parameters that 
control ground-water travel time-and Ilex.H:Taking , the uncertainties: into 
account, there.are rangesof-possibletravel times'between thetisturbed zone 
and the:atcessible enVironment.et each site. Therefore, ground-water travel 
time was stochastically. modeled atOech site,.using. reasonably:conserVative 
geohydrologie.astumptions end xangek Of hydraUlic4arametersProbabilistic. 
ranges in traveltimeendAhestatiitical probability for. 'exceeding traVel.f,, 
timesof1,0011and 10,000 years:mete.derivedloreech , site. -In'general, the: 
ground-water.fluk itexpected:tete,low.to very lottat-each/of.the Sites: A 
summarrOf the :evaluation for each site followt.'.7  

4itlWvls:CanyOn,J.ground-water:travelAimes from: the disturbed zone to the 
accessible environment , are'modeled as porous-media flow vertically and',,  
horizontally throUgh-Alayered sequence of'differing.lithologies (salts,. 
anhydrite, ,, dolomite,;_siltktonev:ttc.). -The:Calculated'travelAimes:depend on 7. 
the hydraulic-Conductivity:and the effective.porosities of:the,verylng:. 
lithologiet, thethickness.and continuity of . eachleyer, and the.yertical And: 
horizOntalllydraulic:gradiehts;within and between.each layer. -Because 
values bUtheseparametersiare uncertain, the expected ground-water: pathways 
are uncertainTocquentify thit.Uncertainty at.DaVis Canyon, a computer.CodeH. 
was' developed to eiraluate'.'the probability!the - distribution of-travelAimes 
based on distributiOn oUhydrOlogic,parameters'derived from . datetollected at 
a DOE test well:(Gibson DoMe'No. 1) 5:kilometers (3.milek)morth oUthe 
various. Oil,testlfellsin the Paredox'Hasin,and various_ published sources of 
generic data.:' Forputposes2bUanalyzing the groundtWatertrevel-time, the 
outer edge oUthe 4iktUtbedgonewiscontervatiVelyastumed4obeetthe top 
and bottom - oUthe'host„salt bed,. because-ofundertainty,intheextentof the - 
disturbed zone.-Theitikerequited4or ground-water to travel: "through the lost 
salt bed is not included in the calculations of pre waste-emplacement travel 
timeAo:the,accessible environment.!, The overall regional. , verticalliydreulic 
gradient between-the.upper:and:the;lower hydrostratigraphic'units,.separatedl .  
by the:evaporite..teCtion-eontaining.the host-salt-bed,AS4enerallY.downward. 
However, date.:collected attheGibeon Dome-test- well'indicate-bothl.ocal- 
downward and -lupward:gradiehts betweeeHieterbedtin the eVaporite:sectiOn 
containingAhe.proposedHhost4alt bed:. The.combined verticaLandAlotizontal 
gradients•n the;Area:then:reselt1in either upward-tolateral-flowor' 
downward-to-4ateraljlOw withiirrthelayered sequence.*Both the 
upward-to-lateral andudOwnwar&rto-1ateral.traveltimestreHanalyzed,:resulting, -. 7 
in quiteslmilarrdiStributions 

The propOsed:controlled-area:loundarylOr the Davis Canyon site 
limitect!to:edistanceoUlAilometer.(0.6 mile) from the edge of the:distUrbed• 
zone to the actessiblerenVirOnmeetidue toAhe:proximity Of:CenyOnlands.: 
National4arkiirthe-OxpectedAirection-Of ground-Water flow.' FOr.aAateral 
distanceHof 1Ailometer!"(0.-6Lille)7frour:the:OUteredge of the disturbed zone 
to the accessible:envitorimenti''downward.Ao7lateraltraVel:Aimet were
stochastically - anelyzeUthroughj,0001reelizations ef,:the-model. , Thit results 
in a probability 614003 for•.travel . times of . less then,1,000 years and 
probabilitylofe-:.045!forless;than 10,000 years.- The:medien!traVeLtime is 7: . 
240,0001rears. :A:distencelof .:5,tilOmeters fromtheedge:of.the'repositorywes ,  
also anelyzedAn -easeAhe -boUndary'ofAhCcontrolled.erea should change as e.: 
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result of data - deVelaped-duringsitecharacterization:in aAirectiOns'away.from -
the Canyonlands National Park. 'This analysis results in a probabilitY' of-Iessr 
than 0.001 for travel times of less than'1,000 years and .006 for less than ' 
10,000 yearawith'i median travel time -  of880,000-years.- 	1). 

• 

ThelDeaf Smith site is in a gaohydrologic setting that is conceptually. 
similar to that of the DaviaCanyon' site. A similar stochastic analysis of 
pre-waste-emplacement ground-water travel time was made. The computer ,  flow' 
model, as for Davis Canyon, consists of a series of layers representing a 
sequence of differing lithologies (salt,lanhy ■irite, dolomite,.siltstone, 
etc.), including the host salt bed. .; - Only downward-t&-lateral travel times 
were calculated, because' only downward vertical hydraulic gradients have been . 
observed in' the vicinity of the'site. The travel time was' calculated 
beginning at the bottom of the salt repository bed (considered conservatively - 
as the bottom edge of the disturbed zone) and extending 1 kilometer to the 
accessible environment. To consider thee possibility that the boundary of the 
controlled area (and the , distance to thelaccessible:environment) might be '-- 
extended, travel times were also calculated to•the maximum 5-kilometer' 
distance from the edge of the disturbed zone. The modeling. is based ,  on data 
obtained fram literature, reviews;. analyses.of water-well:and:petroleum-well 
records and pump testing, analyses Of drill-stem tests, and'analyses of 
laboratory tests conducted Apecifically for the repository program. There is 
a comparable level of uncertainty-in the data bases for. the Deaf Smith and the 
Davis Canyan sites. COnsidering poroug-media flow as the.likely flow 
mechanism, the results of: travel-time analyses for an accessible environmentA 
kilometer from the edge of the disturbed zone, orr the basis of:1,000 ,  
realizations of the modal,'show a probability of .005 for traveltimes of less 
than 1,000 years and .A probability,of .107 foe less than 10'000 years,'with a 
median travel time of 87,000 years. For atractessible environment 5 
kilometers from the edge of tbedisturbed , zone, the- probability of travel: 
times of less than 1;000:years is less.than•.001, and the,probability - for less 
than 10,000 years'is'.015, with a median travel time.of 500,000 years. 

At the Hanford site, the stochastic analysis of ,the pre-waste-emplacement•' 
ground-water travel time used'a conceptual model•that is consistent with the 
current understanding of.the, deep ground-water, flow system and considers' the.' 
uncertainties,in - the hydraulic parameters used to predict travel times. In 
the analysis, ground-water flow is modeled along upward and lateral flow paths 
through' an alternating sequence,of basalt flows in which dense• interiors 0f1.: 
low permeability are separated by flow tops of,higher permeability. -  The 
vertical and horizontal hydraulic-head gradients usedlin the stochastic model 
are deterministic;'that is, they are based on quality head data obtained from, - / 
piezometers at the site. The transmissivity values used in the model were 
based on site-specific test data that were varied over a reasonably 
conservative range. The range of effectivaporosity was estimated from :I: 
geophysicarlogs,'core Samples, two tracer ,  tests, and values reported -iwthe'' 
literature. Key hydraulic parameters 'were conservatively' evaluated over 
appreciable ranges in the model., The model considers ground-water movement, 
that begins inthe flow top immediately , above the dense flow,interior (the• 
outer edge of the disturbed zone being•within the'dense interior host rock at 
an unknown distance froM the flow top):c& -the proposed host-rock and proceeds c. 
vertically upward and laterally to , the accessible environment, 5 kilometers.- - 
from the edge"oLthe repository.. The modelrconservatively - does not'include:' , 1. 
vertical travel time through the upper part of 'the undisturbed dense, interior. '  

between the proposed repository And the base of the first flow top above:the 

.7-8  



repository., The•range fl of travel ;times_ derivedfromthe,model indicates:a. 
probability of 43.  or : less'for,traveLtimeaof less.than11,000 years and a : - 
probability of 42.orjesajortraveltiMesofless.thanj0_,000 years. 'Ihis 
compares.111th the ahortestmedian travel time forthecOnservative inalyses -of 
22,000 years. 	 - 

At the Richton site, the acceasible environment is considered to be at 
the flank, or periphery, of,theaa1t stock; therefore, ground-water travel, 
timesfromthe disturbed_rone - to thaaccessibleanvironmentJa minimum lateral 
distance of 244 meters (800,feet)) are judged to be.mtthin essentially pure 1 , 
salt. The mechanismjortroundliater . movementtfirough the ,saltAs, uncertain.' 
Because of the ductilityofaalt, which reduoes.the_likelihood of Open 
fracturea,. andtheextremely:low matrix hydraulicOonductivity and porosity, 
there may be littleor  no water movement through the salt.. RoweVer, to 
evaluate the travel time from-the edge of.the disturbed.zOne,to the,accesaible 
environment, porous-media flow .  WasOonservatively.assuMedto prev ail _in the •  
salt. Preliminary geologic studies have. not Adentifted,anoMalous features • 
that would indicate the presence of preferential permeable flOW paths in the 
salt stock, .Fracture flow isoonsidered,unlikely and Asnot,considered in • the 
model., Flow As assumed to obeyj barcy's law, and.00nserVitiVe ranges of. the 
key hydraulic parametera: ara,used;they are based:onavailable generic 
and laboratoryj data,AnCludint 	 , geophyaical well logs :  Noaiie-ePe4fte data 
onhydraulic.parametersl are available, , If. alternative mechinians of movement 
(e.g., diffusion),Tire .considered, the estimated:Aravel times tothe.acceisible 
environment, would be.several million years. , 

The results of the stochaitic modeling show a probability of iisi than 
.001 for travel times less,than 1 000'or 10,000 years to the flank of the 
dome. Because of_the : yery lowhydraulic conductivities measured 'for 
essentially pura.salt,.4hecalculated times of.lateraltravel 
meters(8004eet) : Ofsalt are Varylong,BtOchastic

.t  
model .  calculations range, 

over !ix ordersof.magnitudethe.shortest being.abou 50,000 years and 
medianabou05,iillion years. ..Although the.ranges . of hydrailio.,parameters 
used in tha,analysisaro considered,reasonablvconservative, : a great: deal_of 
uncertaintyis,.inherent:in any,prediction oftravelttmea , in.  millions t of 
yearsOf,moraTsignificancethan the absolutanumbers,.perhaps,js . that the 
very long.travelrtimes,auggented :; by.the analysis .  indicata -sajtkelihood.that: 
little or no.grounclwaterjispresent ormoving.through an :appreciably. thick, 

_ 	. 
At Yucca Mountain, the stochastic analysis of the pre-waste7emplacement 

ground-water traneljtimefreP thedtsturbed zone to the accessible ;  environment 
computeaVertieil grOund7Water,moVeMent*Wnward,through.the unsaturated zone 
to the water iabli,anit,then..54ilometera,laterilly : in theaaturied_tuff-,tO 
the.accessible.eniirOnment.—Yriveliiie is Calculated lionia, hOrtion 50' 
meters ,( .164. .feet) below, thei proposed ; repository downward. through minimuniOf 
about.135.Meiers(443Ieit),OC 	clunsituratewelded_

"
and nOnWelded,tUfftO ° 0e • .• 	 ' 	 •r 

water table.
„ 
 rMost of_the,totai travel:tiie.is.through the unsaturated zone,. 

with abOutj40 /yeara estimateMor the travel ttmethrough,thesiturated,zone 
to the accessible environment, once the water, :tablejs:reaChed. jinCeriaintr.- 
in the variability aCclianges in hydraulic conductiiity and effective porosity 
are evaluateclstochastically : in:the s iodel, 1)Yr4n4emly,selecting.ranges.in :  
hydraulic parameters : ln,a.series.pf ,,001 vertical oolumns.. The calculated. 
traveltimes.range.from;about.9,500!to,80,250 years. Ilds.li,based,on an 
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, 	. 	 , 
estimated maximum 'average net percolation of 0.5 millimeter per year. Ten 
realizations were run' in each of the 963 columns of the model, with all but' 
one of the 9,630 total realizations - having a travel time of more than 10,000 , 
years. The mean travel time in these calculations was about 43,300 years, and 
the median about 41,600, with a probability of about .0001 for a travel time' 
of less than 10,000 years. 

. 
. Changes' in geohydrologiC 'proCesses and' conditioni. This condideration 

covers the nature and rate, of natural processes in,the geologic setting that 
could ultimately change geohydrOlOgic conditions so as to affectthe ability -
of a repository - to isolate th#AWAste.' It is directly relatetto'the 	' 
qualifying conditiOnhich'requires- thet geohYdroloOcCoAdItions in the 
future be CoMPatibliewith Wiate,isOlitiOn. It is derived' from the second 
favorable condition and thlifirst 'potentially adverse' condition.-  This . 	, 
consideration is second - in'imPortance' because`  heprededing consideration the 
ground-Water traVeltime,' reflecti actual coAditiOns;' Whereas thiS 
consideration refleCtS''Poiential'cOnditioi; 

Four contributing 'faCtors'are identified for this Consideration: climatic 
change, erosion;'dissolution41  and tectonics. On the' basis of the discUssion 
of these -factors in Section'6.3.l'oteachenvironthental'assessment; it was 
concluded that'Climatic change is the onlkOne ;ofthe fOur'contributing:' 
factors that haA,A. potential for . eignificantly Affecting the hydrologic' system 
at'any of the nominated` sites during the next' 100,000 years. Therefore, 
climatic change is the only potential cauie - of:changes in'the'geohydrologic 
system that is addressed in the summary of site evaluations. 

Judging from
—  
the 	U 

	

recOrd.othe Quaternary'Period in 	- ' the area of the Davie 
Canyon site,,climitiO chingeiduting'Pluvial conditions could increase 
precipitation,with e'resulting increase in reChargeto the grOund-water 
systel. Although'it is uncertain tO'what'extent'higher rates of precipitation 
during the'Quaterearilieriod'have'Affected'thehydrologic Systeiz, there is no 
evidence, that ground-Water parameters have ChangedIsignificantly' during the 
Quaternary Period; A146,' thelow permeability of:the,eVaporitesection 
separating fl the - shalloik:hydrOlogic system froM - t4e:deiO.COnfined.system:is -
expected to'precludeinytsiknificant'effecte fratiexpected clithatic - changea. 
AssumiAg'that climatic'changei'during:the next'406,000iYears would be'Within 
the magnitude of pAstIchangeS during'theQuaternatyPeriodi it does not appear .  
that expected changes would adversely affect waste isolation at the Davis 
Canyon site during the next 100,000 years. 

'judging- from the'reCora'of theQuaternary PeridC'precipitatiOn may be 
expected to inOreese Olierthe'current 'levels forthearea of the peaf•Smith: 
site, With Coniequeni inCriaiesjn.rechargiduring .the -next 400,000 'yeari: 
However, becinse of the jow'OeimeibilitY of the evaPorite seCtiOn'and the:fine 
sediiCentary . :interbedi±that separate the Shallow hydrolOgicAyStem fro:Ad* 
deep cOnfineksystem'beneath'thepropOseerePOsitorflTizon i 'tfie 'Variations 
in the'neture'And - ritis of eurficialakdiOlogic'prOceises that 
fromluture'Clid3atiC'ChingesOionid,haVe littleiffect'On the ability Of'a -
reposiitOrY' at the site:to isolate waste -during

.
thenext 100,000 yeari;' 

The clithatichiitorybUthe'QuaternarY-,PeriOd at 'the Hanford site . 
indicateethat:anio,hydrologiC iMpacta,:due to

A  climatiC changes would bi-  
localised'orahallOw Phenomena - (e.g.gliCiallY induced flooding) that- Would 
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not=significantly change the:waste-isolation potential of the deep basalt 
environment' during the next '100,000 years. ' , The factorixesponsible for this 
include'theloW pertheability of the basalt flow' interiorttetween the land 
surface and the proposed'repository depth; the -relitiVely low permeability of 
the deep -basalt 'flews in comparison with shallow flows and 'interbeds; the 
existence of different flow-tystems with depth; the'short 'duration of floods;' 
and the likely persistence :ofHthe arid to semiarid climate that has existed at 

• Hanford over the past '3 million years. 

FOrthe'RichtOn site, the Quaternary histOry of the region indicates that 
climatic changes would have no significant influence on geohydrologic 
conditions at the site. Variations in geohydrologic processes that have 
occurred inrisponte:to Quaternary climatic cycles and the associated 
sea-level" 	in:slight increases and decreases in 
precipitation,':hydraulic gradients, and rates of ground-water movement in the 
geohydrologic system surrounding the.saltrdOme. Because'oUthe very low 
hydraulic conductivity' of the dome salt; such slight variations in hydrologic 
processetire expected to have , minor,:if any,'effects on fluid movement within 
the dome.' - Therefore, - no natural geohydrologic'ehanges that would affect waste, 
during the next l00,000 years are expected at the site. 

At Yucca Mountain, the Climatic record of the Quaternary Period suggests- 
that pluvial conditions may recur sometime during the next 100,000 years, 
resultineln -increased net infiltration (flux) and recharge, which could in 
turn raise the level of the water table toward the repository. Such changes 
would tend to reduce the time of ground-water travel between the disturbed 
zone and the'eccessible'envirenment and could result'in - some increase in the 
quantity of ground water coming 	to contact with the waste. 

Ease of characterization anemodelinK.  -This considerationaddresses the 
complexitycif:thegeohydrologic system in terms of whether it can be 
characterized - aid:modeled Withieasonable Certainty.' It relates to the 
qualifying'condition because' characterization is:the proceis of collecting and 
analyziarthedati neededto'develop.and perform the modeling ihat•is the 
means for predicting whether the site is compatible withAfastecontainment and 
isolation. This major consideration is derived from the third favorable 
conditiOn and:theethird potentially adverse condition. - tince'it is not an 
intrinsicAthysical characteristic of the geohydrologic setting,'-this 
consideration is -, notaiAmportint as 'the first-two'cOtsideritionst however, '- 
the ability to - Characterize - and model the geohydrolOgic system`-with' - reasonable 
certainty is:assentill'to eValuatingAhe geohydrologic proceSses4nd'.: 
properties that:affectthe:abilityoUthe site to contain - and isolate waste. 

SomeoCthe:Contributing-faators that influence-the -ease of 
characterization:and'modeling.areAhe presence of faults, foldsi'brine 
pockets, diiiolutioa effecti, lithologieTvariations,Anterrelationships 'among 
hydrostratigraphiclunits, availability of testing techniques and analytic' 
models, and:understanding - Of flOWtlechanisms 

All =-five 	
! T7' 

nominated 4ites 	to-varying degrees, -  presently judged `to 
have geologic and hydrologic'coMplexities that could preclude their-being ,  
readily characteritedor -modeledigith -reasonable 'certainty.: Appreciable -
differenceiiexistfronionetiteto anotheiln present levels of uncertainty, 
in partLbecauSe of imbalances' in - the quality and quantity of available data 
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and stages of: scientific: and'. technical: investigation. 	gooctunderstandingof 
the geohydrology of thesitemust be developed-through-the characterization ;:  
process-before it can be,:modeled with reasonable certainty. :MOdeling,.in 
turn, can determine which physical_characteristics need tebecharacterizedc 
The difficulty ofcharacterizing , a,site,liMits the. 	to model - it_to an 
acceptable level:ef certainty Although the third favorable condition is,noti: 
present'andthe. third: potentially adverse condition is presenteteach . sitei 
it is expected that all five sites can be adequately characterized,: though 
with varying levels of difficulty, in order to model their capabilities for 
long-term waste isolation to acceptable levels . 	certainty. A, summary of the 
evaluation forthis:consideration;foreach site i follows, 

At the DavisCanyon:site,the:regional• geologi0Jramework and limited. 
site-specific data suggest that the l siteAs stratigraphically and structurally, 
uncomplicated. ,  il'resent:stratigraphicjnformation indicates that-the proposed 
host salt bedcontains,minimaliimpuritiesiand: is a:partof a reasonably 
well-understood , sedimentary:sequence.7:However,- the present limited: 
investigationeleave:manyuncertainties. .,Structural:featureslike.faults, 
folds,- and dissolutionlzones.withinthegeologic setting could ontribute tcv ,  
the difficulty of characterizing:thelsystewif they are found,within the 
site. Ground-water movement through deep salt beds may be practically nil. 
There . is. a_neeCtoidevelopa clear understanding:.of:thCmovement'of fluids ; in 
salt and a- sitespecific:ground-waterhydraulics:data baseand:to:evaluate: the, 
potential for:significant , :fraeture flow-Whydrogeologic units:surrounding the ,y 
host rock,...: 

Because,theT.are•in similar:geohydrologic - settings,the DeaUSmith site 
and the Davis CanYonSite are,similarwitkrespectito thelease of ,T 
characterizing and modeling. Somewhat more data are presently available for 
the Deaf,Smith:site,thanJor.DavisCanyon,:but fewersite-specific:dataare 
available for the salt sites than forthenonsalt sites.',Jhe greater number 
and frequency of nonsalt interbeds.at:Deaf Smith introduces complicating-. 
factors-,that are:less:likely, to,be:present at Davis Canyon. As:-at Davis 
Canyon, the potential forsignificant:fractureflow ingeohydrologicunitL. 
surrounding, the host:rock at:DeaUSMith needs!to be-evaluated._ . 

• 	, 	' 	' 	' 	 • ' 	' 

Geeerically,2tWhorizontalLdistribution, variations in.thicknessand 
internal variations, inthe thickness of multiple,basalt4lowa lik&those. 
HanforcUmayJoe more difficult-tOpredict with confidencethan for.a sequencC-
of sedimentaryrockivlike those,formed : at:thebedded7salt sites, but : 7! 

site-specific ; investigationvammore advanced at the Hanford site than at-Any- Th. 
of the • seat sites. _ :, Consequently, thi:data basejs , appreciably:lerger and:the 
complexities of site characterization and modeling are better defined at 
Hanford. Geologic featuree.like faultsiioldsiJnternal-iariations:inthe-% 
thickness ofjlows, and variations, in:original ,intrafiow structures,known , to 
exist inthe;regional:settingdould,contribute to:difficulty. in,modeling.-.' 
AlthOugkuncertAillties remain, preliminary, studies, have defined:some-,basic 
geologic and hydrologiC characteristics. ofHthe.site."- Ibe:existenceof 
multiple basalt flows can complicate the characterization and modeling of the 
flow system, , as: well as. provide:multiple barriers-to fluid:movement. Adcepted, 
concepts ,and,Methods for atudyingsaturatedllow in:alayered-geohydrologic 
system are applicable tothe.basalt-floW, ;systeM:beneath Hanford. ':: In some ways 
this mat,maka,charaoterizationandmodelingless complicated than,at-sites-- 
where applicable .  fluid-flow theoryLa-either more.complex or . less; advanced, 
such as for flow in salt or in the unsaturated zone at Yucca Mountain. 



At the Richton site, the boundaries and dimensions of the salt stock are 
reasonably well defined. Limited available data on the interior 
characteristics of the salt stock suggest that it consists largely of pure 
salt that is free of significant anomalous features (e.g., large faults or 
clastic inclusions) that would provide important preferential ground-water 
flow paths. However, this concept of the dome's interior is uncertain and 
requires additional data for confirmation. Also, data on the surrounding 
geohydrologic environment mainly provide a regional picture of the 
ground-water flow system-outside the dome, with little site-specific 
information to define flow relationships near the interface of the salt stock 
and the adjacent hydrostratigraphic units. These relationships may be complex 
and difficult to characterize, requiring an extensive data base that wouldbe 
difficult toscquire. .The characteristics of ground-water movement, if any, 
within salt are not well understood. Therefore, there is uncertainty in how - 
to characterize and model fluid movement within the dome and any exchange of - 
ground water between the dome and the surrounding geohydrologic units. On the 
other hand, because the accessible environment at the Itichton_Dome begins at 
the edge of the salt stock, the controlled area extends only to the periphery 
of the dome. The most critical part of the, geohydrologic system to be  
characterized and modeled is confined to what may be, an essentially 
homogeneous medium, the interior salt mass of the dome. In this respect, the 
flow system may be regarded as less complex and difficult to characterize and .  

model than a system that contains a variety of lithologies or flow media 
between the repository and the - accessible environment. However, the mechanism 
for ground-water flow in the salt, if such flow is significant, needs to be 
clearly defined during site characterization. 

.:Thegeologicsetting at.Yucca Mountain may be considered somewhat 
complex, considering the Structural history and volcanic origin of Yucca 
Mbuntain, : and the-inhirent,uncertainties in4medicting-the.lateral.and :  
vertical variability cf-volcanic rock units.-. Also,' the site.ls relatively 
complex from the standpoint,of.the availability of state-of-the7ert models for 
measuring andsmalyzing,flowin,the unsaturated zone: ratherthan the saturated- :  
zone. Known local faulting adds to the complexity of site characterization 
and modeling. However, the progress of site-specific geologic and hydrologic 
investigations is comparable;to that.at the . Hanford site and 'more advanced.: 
than those performed at any of the salt sites. .A preliminarysite7specific 
geohydrologiC data -base has been established,-and preliminary details of A 
conceptual , flow model of the.unsaturatedmone,lare defined. Advanced 
techniques are being developed to measure and analyze hydrologic parameters 
and to provide the information needed to refine models of flow in the 
unsaturated zone. Because of the need to develop advanced techniques and 
methods, the difficulty of characterizing and Modeling the site with 
reasonable certainty may be greater than :at sites in the saturated-zone where 
currently accepted methods may be adequate for characterizing and modeling. 

, 	• 	. 	. 	- 	• 	. 	. 	• 	• 	. 	• 
Presence of suitable ground-water sources. This consideration addresses.- 

the potential:for radionuclides migrating from a'repository,tomixwith. 
ground-water. sources suitable for crop irrigation or.human consumption vithout:c 
treatment along flow paths to the accessible environment. It pertains to 
qualifying; condition with respect to limitations on radionuclide releasesto_; 
the accessible environment and is derived, from the second. potentially adverse 
condition. .Thit consideration is less important than the. other three, because. 
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from' the 	rock 

it 1.-eUnlikely'ihat'ground=Waier resources coulcrbe contaminated:if a site is 
selected on the basis or its' ability' tt *ablate wastes, as reflected in: the 
other three cOnsiderationsi .  'Of the fiVe nominated' sites, only Yucca' Mountain ,  
has a finding of present for' thelsetond potentially adverse condition. A'• 
summary= of: the evaluation for- each site follows. 

At DaviS" Canyon a low-yielding aquifer : containing ' good-quality ground' 
water is present•at a relatively , shalloW deptkaboVethe:proposedYrepository
horizon. However u groUndwater'Of goOdAnalityuzableforiirtigation-or human 
consumption-withOnt treatmentAsYnot7preseni'along probable grOund-water'flow ,  
paths i betWeen the diSiUrbed.ithe'And-theattessible ,envirentent. 'AlthoUgh 
thereAS SOMe:potentiillor lotally - upWard'floW,  from the host'rock, flow paths --  
would , b4,-dilierted laterally.tr - downward , Aileast'hundredi of meters'below the 
shallow-aquifer becaUse of theregionalWdownward'vertical gradient below the: 
shallow aquifer.  

At the Deaf Smitheite,:grodrid-waterlloW is expected to be-downward froM 
the repOSitory horizon. Water along'thid:flo4 , path" hashigh total-dissolved-  
solids concentratione,'making'itAinutable for'crop irrigation or human 
consumption withOuttreatment.!. Thereld goodqUility-grOund'water at:shalloW" 
depthA:aboVethe proposed repoSitOryliorizon,but'UpWard flOW is not expected 

-At•the Hanford-aite, shallow'equiferi containing water Of good 
exist above likely-flow pithe frOnithe preferred:repository horizOn. 
ground-water-along likely flow paths bet4dei the disturbed zone and t 
accessible environment contains flouride, boron, and sodium concentra 
considered too' high fOr - tropirrigationor hurrian consumption without 

r. 
At the Richton site, the accessible envirOnnient , it tonsidered-to be at 

the flank of the salt stock ,  Therefore,' 'groUnd water suitable fer'crOp ," ' 
irrigatiOn'or human consumption without treatment does not occur alOng 
ground-water flOwpathe betWeen-the disturbed' zone and the accessible' 

	

environment.'`' ' 	 • 

	

. 	• 

At-Yucca Mountain,' flovivathi from the disturbed zone in , the :unsaturated: 
zone would be expected to be ,verticallYdoWnward to the" water table and then 
laterally tirongh:the saturated' Zone'to-the:Actessible environMent. Ground'. 
water along thellOW pathsAn:the saturated'zone,ie-of good quality and 
suitable ler-crop:irrigation:and human consumption' without treatment. 

Summary oUthe'coMparative - evaluation- 

Ile:Richton-ShOmelsthe' most favorable;Ofthefive nominated sites for 
the geohydrology guidetineion'theHbasia of the four major tohsideratiOils:'-; 
addressed under this guideline. Although site-specific data are sparse, 
resultingAn:appreciable•uncertaintyabourflo4inigeohydrologit'unft4 
surroundingthe 	and' the' mechattisM of'lluid 	sali , it tnceitain 
groun&-itater-traveltimes at'Richton'ar&expected to be very-long;:and-Very .  
little,) if anygronnd-water movement takes place within thesaltstotk. 
is likely thaeno grounctwiter or onli , ve0:little is contained:inithe'salt'' 
stocktintettainty with respett.to the - possible 'presence' of , adoMalous 
features:that-could:significantly affectjlOw thrtugh'ihe'dometuld:be 
addressed during site characterization. Hydrologic processes and conditions 
are not expected to change in a manner that would unfavorably affect the 
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ability of the:repository,to isolate waste.:-Modeling of the geohydrologic. 
system surrounding the dome is expected.to be 'difficult. The limited data - 
base results in appreciable uncertainty about relationships between the dome 
and the surrounding systek..HHoWever, because all pathways.to  the accessible 
environment are expected to be entirely within the salt host.rock, there is a 
high level of certainty that no usable:ground-water sources would be 
encountered:along pathways.to , theaccessible environment. 

Davis Canyon is the next most, favorable site with respect to the 
geohydrology guideline if it is compared to Deaf Smith on the basis of equal 
distances to the accessible,environment. It is alightly less favorable than' 
the Richton Dome on the first and most important major consideration and is 
equally favorable with the "other.sites on the second major consideration. The 
pre-Lwaste-emplacement travel time from the disturbed zone to the accessible 
environment appears to be less than that at the Richton Dome, and the travel- 
time at Davis Canyon is longer than at the Deaf Smith site for equal distances '. 
to the accessible environment at both sites. The ground-water flux through 
the salt host rock, as indicated by the generic understanding :of the.hydraulic 
properties-of salti may be small-if not nonexistent.' There is no ,  evidence for- 
natural -geohydrologic , changes that will unfavorably affect the ability of the-: 
repository to isolate the waste during the next 100,000 years. On the basis 
of regional geologic studies, the structure and stratigraphy of the:site are 
considered uncomplicated, but because of uncertainties with respect to the 
mechanism for ground-water flow in salt and the unlikely potential occurrence 
of a really extensive, fracture-controlled pathways in the brittle sedimentary 
interbeds, the level'of difficulty in characterizing and modeling the 
geohydrologic.system with reasonable certainty is expected to be Comparable 
with that of the other sites. No aquifers containing ground water.that.is  
usable-without treatment are present along any likely ground-water pathways 
between the edge of the disturbed zone and the accessible environment. 

The Deaf SmithaiteJs less:favorable than the Richton and:the Davis:, 
Canyon sites forrthe geohydrology sUideline when the accessible environment is: 
equally distant from,theAisturbedzone at Deaf Smith and at Davis 'Canyon. ,In 
such.a7case,f-it -ia -lesafavorable on the first and most. important 
consideration, but equally favorable on the second major consideration. 'The-
estimated pre-waste-emplacement groundwater travel time between the disturbed 
zone and the accessible environment is shorter than that at Davis Canyon and 
Richton. However, if the distance to the accessible environment at Deaf Smith 
should be lengthened up to 5 kilometers and at Davis Canyon remain at 1 
kilometer, Deaf Smith would'be the more favorable site with respectto the: 
pre-waste-emplacement ground-water travel time. Although the ground-water 
flux within -the salt host rock is expected tb ,be low, the' presence 'of:fine : 
elastic interbeds in the host rock results in' a potential for higher flux at 
Deaf Smith than.at ,Davia Canyon oritichton.. No natural changes - in 
geohydrologic conditions.  that wouldWavorably,affect the ability loUthe Site 
to isolate waste during themext ,100,000'years are indicated.The,structure 
and stratigraphy of theTDeaf:Smith sitei_On the basis of regional geologic..: 
studies, are considered uncohiplicated., Because of uncertaintiet.with.respect 
to the mechanism for ground-Water flow in salt and the =likely potential for 
areally extensiveracture-ebntrolled pathways in the brittle:interbeds, the 
level of difficatfin characterizing and modeling the-geohydrologic systemHis 
expected to be comparable with that of the other sites. -Finally4'.there is a 
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high level of certainty that no aquifers containing ground water usable 
without treatment are preSent:Along4round-waterpathways betwee•the edge of 
the disturbectione and the accessible environment., 

The Hanford and the Yucca Mountain sites are bahless favorable than the 
salt sites, but are in a comparable range of favorability'with each other. 
Their comparative evaluations vary from one major consideration to another 
the basis of available information.: With respect to , the.prewaste-emplacement 
ground-water travel time, Yucca Mountain is more favorable than the Hanford 
site. At Yucca Mountain, the ground-water flux - through.the-host rock and the 
surrounding geohydrologic units, as indicated:bythe estimated maximum annual 
infiltration of 0.5 millimeter is expected to be very-low. -  A return to. -
pluvial climatic conditions . cOuld increase the flux rate - through the host rock 
and the surrounding geohydrologic units. This'could alsetause some rise in 
the water table towardthe repository and some reduction in the time of travel 
to the accessible . environent.::Yucca Mountain.and Hanford appear to have 
similar ranges of structural and stratigraphic-complexity with unique: 
geohydrologic complexities:'at eachtite. The complexity of fracture systems 
at Yucca Mountain may have important implications for characterizing and 
modeling flow in the nnsaturated-zone with reasonable. certainty.' Uncertainty' 
in how to model flow in the unsaturated zone may also add-Ao!the difficulty of . 
characterizing and modeling'at;Yucca Mountain. ground-water,sources of good 
quality are located along likely ground-water pathways from the proposed 
repository to the accessible environment, at Yuccallountaie.. 

At the Hanford site, the ground-water flux-through the saturated host C-
rock and the surrounding geohydrologic units maybe:higher than in the 
unsaturatedaone at Yucca ,  Mountain. For-the setOnd ,  major consideration,: 
Hanford is more favorable, than Yucca Mountain.—Expected natural changes in 
hydrologic processes or geohydrologic conditions are not expected to affect 
the ability of a repository to isolate the wasteduring-the next. 100,000 
years. Although commonly used modeling techniques may be applied, 
uncertainties in the structural and stratigraphic heterogeneity. of the 
multiple basalt,floWs- may contribute: to modeling 	At Hanford, 
sources of ground water suitable for crop irrigatiOn!or human consumption 
without treatment are present along likely ground-water pathways from the edge 
of the disturbed zone to the accessible environment.,_ 

7.2.1.2 Geochemistry 

The qualifying condition for postclosure geochemistry .is as _follows:. 

The present. ankexpected geochemicaL. characteristics:of a 
Site.shall be compatible with wastecontainment and isolation. 
Considering the likely chemical,, interactions among 
radionuclidesi,thehost rock, and the grounckwater, the' 
characteristict of and the processes operating within the 
geologic setting shall permit compliahoe:With,(1) the. 
requirements 'specified in:§960.4,1:for radionuclide releases to, 
'the accessible: environment and (2)1thfarequitements specified. 
in 10 CFW.60.113 fdr radionuclidereleaseafrom the 
engineered-barrier system using reasonably available technology. 
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Major considerations  

On the basis of the qualifying,. favorable, and potentially adverse 
conditions for this guideline (see Table 7-2), three'major considerations 
are identified that influence the favorability of the site .with respect to the 
qualifying condition are identified. In order of decreasing importance, they 
are (1) the expected rate of mass transfer of radion4clides from the waste 
package, (2) geochemical conditions that would inhibit the transport of 
radionuclides into the accessible environment, and (3) geochemical effects on 
the sorptive properties and strength of the host rock. 

Evaluation of the sites in terms of the major considerations  

Mass transfer of radionuclides.  This Consideration includes,geochimical': 
conditions in. the immediate vicinity of the waste -package'after the permanent 
closure of the repository. It relates directly to the qualifying - conditiOn 
through the rates of radionuclide dissolution from the waste form-and is based 
.on the second and fourth favorable conditions and the first potentially 
adverse condition. The mass transfer of radionuclides iathe'inost"important 
consideration because it describes the processes by which,radionuclides that 
are initially sealed in the solid waste form as - part,of the waste package will 
be released to the ground-water system (e.g., as iens,cOMPlekes, or . ' 
particulates) or be contained within the engineered-barrier system. The most 
important contributing factors are the volumetric flow rate'of the ground 
water that may contact the waste package and the chemistryef,the ground 
water. Other contributing factors include the-potential,for the,precipitation 
and sorption of radionuclides; the potential for the formation of colloids, 
complexes, and particulates; oxidation-reduction conditions; and the Chemical 
reactivity of the ground water. A summary of the evaluation for each site 
follows. 

The bedded salt of the Davis Canyon site contains little groundwater. 
Sources of water in the repository horizon include brine inclusions-and water 
of carnallite hydration, which constitute a small fraction ofthe,host-rock 
volume. Thus, the volumetric flow rate of ground water duelto the migration , 
of these waters at the repository horizon is expeCted to be extremelylow,- -iE 
present at all. Because of their high magneaium Content,•the brines,at Davis ' ` 
Canyon are potentially very corrosive for the stainless-steel container of the 
waste package. However, waste-package degradation should be limited because 
the amount of water in contact with the waste is expected to be small, The 
formation of some colloids will be inhibited by the high salinity .  Of'brine 
Because of their high concentration in the brines, chlorides, sulfates, and 
carbonates could form complexes with radionuclides, which may increase,the 
mobility of some radionuclides. Although chemicallyreducing Coiditiona are 
expected in the host rock and the underlying aquifers, the ability of the 
water-rock system to maintain reducing conditions.in the presence.of alpha and 
gamma radiolysis may be limited. 

The host rock at the Deaf Smith site is bedded salt that may contain more 
water than the rock of the other two salt sites. The salt of the lower San 
Andres Unit 4 contains intercrystalline muds and interbeds of mudstone 
containing clay; these muds and interbeds could contribute water in addition 
to that provided by brine inclusions. Thus, the total amount of ground water 
that is expected to enter the reposito0 through brine migration should be. 
extremely small. These brines have aOigh magnesium content and are 
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Condition 

Table 7-2. Guideline-condition findings by major consideration--geochemistry" 

Davis 
Canyon 

Richton 	Yucca 
Dome 	Mountain 

MAJOR  CONSIDERATION 1: EXPECTED RATE OF MASS. TRANSFER FROM THE WASTE-PACKAGE SUBSYSTEM' 

Favorable condition 2 

Geochemical. coniitions that pro, 
mote the precipitation, diffusion 
into the rock matrix, or sorption of 
radionuclides; inhibit the, formation 
of particulates, colloidt, Anorganit 
complexes, or organic complexes that 
incriaie , the-mObility of radionuclides;' 
or inhibit the transport of radionuclides, 
by particulates, colloids,. or complexes. 

Favorable condition 4 - : 
. 	. 	. 

A combination_of expected geochemical 
conditions and a volumetric:flow rate of 
water in the-host rock that:Would allo4 
less than 0.001 percent per year of the 
total radionuclide inventory.,in the 
repository at 1,000 years to be dissolved.  

Potentially-,adverscoonditions-1 
• 

Ground-water conditions in the host 
rock that could affect th4 solubility or 
the chemical: reactivityiotthe engineered.- 
barrier system to the extent that the 
expected repository performance could be 
comproMised. 	" 	' 	- 

MAJOR CONSIDERATION 2: GEOCHEMICAL CONDITIONS THAT WOULD INHIBIT 
RADIONUCLIDE TRANSPORT IN THE FAR FIELD 

• 
Favorable condition • 1 . 

The nature of ratei of the geocheMiCal 
processes' operating within the geologic 
setting during the Quaternary Period would, 
if continued into-the future, not affect or 
would favorably affect the ability of the ' 
geologic repOsitori to isolate the waste 
during the next:100,000 years., 

7 „ 

Favorable condition .  2 . 

Geochemical , conditions.that promote 
the precipitatibn,,diffusion into the 
rock matrix, or tOrption of radionutlides1 
inhibit thelormattOh of.partitulateS. 
colloids,AnnrSaPid .Complexes, or organic 
complexes thatAncrease the mobility of 
radionuClides: or - inhibit the transport 
of radionuclides by particulates, colloids, 
or complexes. 
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Condition 

	

Davis 	Deaf 	Richton 	Yucca 

	

Canyon 	Smith 	Hanford 	Dome 	. Mountain 

MAJOR CONSIDERATION 2: GEOCHEMICAL CONDITIONS THAT WOULD INHIBIT 
RADIONUCLIDE TRANSPORT IN THE FAR FIELD (Continued) 

• 

Favorable. condition 5 

Any combination of geochemical and 
physical retardation processes that would 
decrease the ;  predicted peak cumulative 
releases of radionuclides,to the accessible • 

environment• by a factor of 10 as compared to 
those predicted on the basis if ground—water 
travel time without such retardation. 

Potentially idverse condition 3 
•. 	• 

Pre—waste—emplacement ground—water' 
conditions in the host rock that are 
chemically oxidizing. 

NP 
	

NP 
	

P 	NP 

*MAJOR CONSIDERATION 	GEOCHEMICAL EFFECTS ON THE SORPTIVE 
AND ROCK STRENGTH OF HOST ROCK 

Favorable condition 3. 

Mineral assemblages. that, when zubjected 
to expected repository conditions, 'would 
remain unaltered:or would alter tormineral 
assemblages with equal or increased capability 
•to retard radionuclide transport. 

Potentially adverse tondition 2 

Geochemical protesses or conditions that 
could reduce the sorption of radionuclides 
or degrade the rock strength. 

Table 7-2. Guideline—condition findings by major consideration--geochemistrya7a, (continued) 

, 	, 

 

Key: NP = for the purpose of 	 comparative evaluation, the favorable or Potentially 
adverse condition is not present at the site; P = for , the purpose-of this'comparative evalOation; ' 

	

the condition is present at the site. 	.  
b, Analyses supporting the entries in this table are presented in Chapter 6 of the 

environmental assessment for each site. 	' 	- 	' 

	

. 	' 
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potentially very corrosive to the stainless-steel container of the waste 
packages, but the small, amount of water expected in the repository will limit . 
waste-package degradation. The formation of some, but not all, colloids will 
be inhibited by'the high salinity of brine. Because of their high 
concentrations in the brine, chlorides, sulfates, and carbonates could form 
complexes with radionuclides, which may increase the mobility of , some 
radionuclides. While chemically reducing conditions are expected in the host 
rock and underlying aquifers, the ability of the water-rock system to maintain 
reducing conditions in the presence of alpha and gamma radiolysis may be 
limited. 

The Hanford site may'have a somewhat higher . flow'rate of water past the 
waste package than other sites. The bentonite and crushed7basalt packing .  
material that will surround the low-carbon-steel disposal containers is - 
expected to significantly reduce the flow rate of ground water that could come 
in contact with the waste. The ground water at Hanford has a low salinity in 
comparison with the salt sites and a high pH, which tends to reduce the rates 
of container corrosion. In addition, the chemically reducing conditions that 
are expected would lower the solubility of redox-sensitive radionuclides-and
further lower the rates of container corrosion. However, alpha and gaMma 
radiolysis may 'result in localized Oaddiiingconditions'aroUnd the disposal 
container. Ground water at the'repoiitory leVel contains carbonate and 
hydroxyl ions, which could complex with escaping radionuclides, 'thereby. 
increasing their mobility. InteractiOns between the waste package and ground 
water may result in the precipitation of iron-silica that would tend to 
scavenge radionuclides. In addition, sorption is expected to play a major 
role in the retardation of radiondclide transport. 

Richton Dome is probably driest of the salt sites because of the small 
quantity of brine inclusiont_typical of domed salt. The volumetric flow rate, 
of ground water at the repository horizon from brine migration is exOetted 
be extremely low. As a result, waste-package degradation should be limiteciin 
spite-of the inherently corrosive nature of brine. The formation of some, but-- 
not all, colloids should be, inhibited by,thehigh salinity of brine. The 
chloride:and sulfate present.iithe'brine-couldlorm complex with, and thus .  
increase the mobility of, some radionuclides. While chemically reducing , ' 
conditions are expected in'the host 'rock,' the ability of'the water-rock system 
to maintain reduCing conditioni in the presence of alpha and gamma radiolysis 
may be limited. 

The Yucca Mountain site is in a geologic environment with a very low 
ground-water flux through the candidate repository horizon. The low salinity 
and the nearly-neutral pH of, the ground water would tend to reduce the 
corrosion rate of the disposal container; however,• the ground water is 
oxidizing and would tend to make the waste-package environment somewhat more 
corrosive than water with lower oxidation-reduction (redox) conditions'. The 
potential for the formation of inorganic complexes in the ground water of the 
Yucca Mountain site is probably low because of the very low salinity of the 
water, although the carbonate present.in the ground water may increase the 
mobility of some radionuclides. The nearly-neutral pH of the water is 
conducive to the low solubility of oxides and hydroxides of some 
radionuclides, especially the actinides. In addition, interactions between 
the waste package and ground water may result in the precipitation of 
iron-silica, which would tend to'scavenge radionuclides. 
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Radionuclide transport.•  This major-consideration •relates directly to the ! 
qualifying condition with respect to the natural barriers i thatyould inhibit 
the transport of radionuclides into the accessible-environment; it is based on 
the first,-_ second, and fifth favorable conditions•and,the,third potentially 
adverseoonditionhe - contrihnting factors that-are the most impOrtant for . 
the quantitative evaluation of radionuclide transport and retardation inclUde 
sorption and precipitation as well as redox conditions.. A summary of the 
evaluation for each aite.follows.. 

- 	. 	. 
41...the Davis Canyon site r .the . geochemical processes.yithinthe host.rock, 

are not- . expected_ to. ;be Altered by anything other than -the dissolution -of -'the 
host salt, and available-data-suggestthat dissolutionwillnotbe a problem 
at Davis Canyon. The ssaltcontains very, small amounts of-clay minerals that 
could enhance . 	sorption, of migrating-radionuclides. Converselypthe high 
ionic strength, “he.brine would tenctto decrease the,sorptive capacity of 
these clays. : Redox • conditions 	thejnterbedsfithin the :salt cycles and-in 
the aquifer beneath-the salt 0-the. Paradox Formation.are.reducing, which. 
decreases the.solubility,of some key redox-sensitive: radiounclides. - J.However, 
the chlorideand carbonate ,, which are-present in the brines in high 
concentration, could form complexes with radionuclides, and this-may increase  
the mobility of these radionuclides. However,, sulfate solubility 
relationships may limit the concentrations of-some radionuclides, 

- - 
At thei)ea“mith sitel •geochemicalprocesses would not beexpected•to be,- 

altered by.anything other.than : the : dissolution of-the;host saltvAnd 
dissolution isliot . eipected,to :be a problem atthe-site,The.salt oUthe Deaf 
Smith site contains numerous.mudstone_inclusions end_interbeds,and. 
appro4-matelylialf of-them are composed ofclayand.clarlized particles. 
Although:it is-possible-thatTtheclaY could.increase thefsorption.of7migrating 
radionuclides,.theAlighAOnic strengthOf the brine tends to , decrease the -! 
sorptive capacity-ofthe•clay, Ground water-in the-aquifer that underlies : the: 
salt cycles of:thej!alo:Duro Basin.is,reducing s .whichlurtber decreases;the 
solubility-ofsome fleyredox7sensitiveradionuolides. -However,the:ohloride: 
and7carbonate present in:the brine .could.form; complexes 'with radionuclides,  
thereby increasingtheirmobility, However, „sulfate solubility4.elationships-
may liMit the concentrations oVsome.radionuclides, 	' 

At the-Hanfor“*.te,-little : changeis.expected in the geoChemicalJ. 
processes witOmihebasalta,hecause:of the:depth:and - the:saturation:of:the 
repoOtorYhorizon.TheidenaelAnterior:of the : host rockshouldWford\some 
degree ofjohysicalreiardation , ,for radionuclides., The geochemicaVenvironment 
of the i sitojsAayorablefor-the precipitation and sorption z,of:radionuclides 
(i.e., reducing :gre4114 ;w4terand , abundaat secenderyclaysiand zeolitesJrom 
lininufracture ap4 : fragmeat sqrfaces).?Ihe'Oeeondary_minerilAssemblages 
that would be formed are believed to be stable under the temperatures. expected ...  
in the disturbed zone. Since the data on colloids, particulates, and organics 
are limited9-thefectorcanuotbe4ully,evaluatedatpresent. iThe ground 
waterjs!ofjow-salinfty,ht it,containa carbonate and.hydroxylJons._that 
could form complexes with.radionuclides.. !   

„ 

,,At :the!RiChtonsite,:the.geochemical -processes. within the:hostrock7would, 
not be expected to be altered by anything.otherAhan,dissolution.-fAvailable 
data suggest that.dissolution should not.,be a problem at the site. The salt 
of the Richton Dome is predominantly halite with a Very low water content. 
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Available data iUgges•'that the water contained' in fluid inclUiioniAn the 
saltiA'reducing and 'should detrease the solubility of some redoXsensitive 
radionudlides.'Bedause-Of theirIbighvconcentrations4'the chloride, Sulfate, 
and carbonater'Preientin the brines could' forM compleXes-with'radiOnuclides 
thereby increasing their Mobility. However, sulfate solubility relatiOnshipi 
may liMit the,  concentration Of:ipme-radionudlidei. 

At Yucca Mountain, little water is expected to pasi through;the .  tuff. 
The predominant mode of water migration is currently thought to be matrix flow 
along much of the ground-Water=floW-path: Sorption And:diffuiion ,  are expected 
to delay or retard the'MigratiOn of radionuclidei: The Oxidizing nature of 
the water may inhibit radionuclide'precipitation'and sorption for 
redox-sensitive radionuclides. The abundance of highly'sorptive secondary 
clays and zeolites along:groun&.Water4lowpaths ihould'provide a sorptive 
barrier to most radionuclidei: ':RedOx7sensitive radionuclides like technetium 
may not be retarded by sorption.'' Th‘loWsalinity of . the'ground:water would 
be conduCiVe , te 'the formation:oUiome colloids since tertainactinides form-
colloids 'inAilutenearly-'-neutral! watert.''Since : the data.On colloids, 

if  particulates, anorganicAarej 	A imited,hesefactOrs, cannot be fully 
evaluated at present. 

Sorption and-rock strength. - LThis consideration - addreises , geochemical 
processes that could adversely affect the sorptive capacity or strength of the 
host'rock, or bOth;:' The coni3iderationtelatei-ditectly' to the 

U 	
qualifying. 

condition with respect to'the'retardatiOnroradionUclidet by natural barriers 
in the repository and ilong , ground-Water-flow pattistothe accessible 
environment; it is,deriVedfrom , the , thir•favotable condition and the second '  
potentiallyadverseconditiOn.lorption , and - rodrattength'are considered less 
important;that the:preteding considerations because'they'wouid'affeci only'a 
small perdentagesof-the total rotkmasi surrounding the'repOsitori.- Change in 
thevsorptiVe capacity of 	host rock,  mineralt is the most important 
contributing factor underYthis:consideration because of thepotential effect 
on the , retardation-of:radionuaides. The major contributing fadtors for thii 
consideration are thestabiliWOUmineral asseMblages,'the effects of mineral 
alteration - on iorption;4nd'the'effecti ofilineral'alteration'onrock'''' 
strength. A summary of the evaluation for each site f011ows. - - 

The mineral assemblage -atthe:Davis Canyon site may contain carnallite, 
which could-dehydrateWhen-Aubjected - to repository heat and  
magnesiumrith-brines HighmagnesiUM brines would accelerate the degradationi 
of thewaite4aakageSiand.subsequentlYAead-to a release-of'radionuclidei: In 
additioni'alteration -:of:the CarnallitecOuld reduce the strength Of:the-host' 
rock. :However,the quantity 7oUdarriallite-at the Davis Canyon'iite . li- 
expected:to1)4 - bmal14. - and -darnillito should haVe little effect'On radionuclide'* 
containment. ,  

The -mineral assemblage - at . the DeaUtmith site includes interbeds,and' 
inclusiOni -of - mUditone.' it , is , assuied thai'theie coniistef -apOroXiMaiely'50 
percent clay minerals that may dehydrate under the'lreddheMical 
within the repository. However, because of the small volume of clay minerals, 
the , alteration , of these materials it'not4Xpected to affect the-retardation:of 
radionuclides Or , theAtrength Of:thehott rock.  
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The host rock at the Hanford site : consists oUbasalt:and a number of 
sorptive secondary minerals (e.g., claYi, zeolitei):714baratOrY tests suggest 
that repository conditions may result : in the  formation of. a mineral, assemblage 
similar to the secondary minerals formed naturally in basalt as a result of  
hydrothermal alteration. Although the hydrothermal conditions near the 
repository couldadversely.affect_thesorptive_capacityof some of, these 
minerals, there iszibundantevioence. that hydrothermalconditionz could alter 
the volcanic materials toziore sorptive.materialsJe.g. o clays:And zeolites). 
In general, he effects of the repository.con,rock strength are expected to be 
negligible. 

At the Richton site 1  the mineral:Assemblageiconsists-mainlr . of,halite 
with some anhydrite.Tjiecause of the stability of the minerals,at this:site, 
it is expectedAhatno geochemical alterationor : zeduction in rock strength 
would affect the transport of radionuclides,: 

The mineral assemblage in the host rock of the YucCa Mountain site 
consists of 98 percent quartz, feldspar, and cristobalite, with :-. small amounts - 
of-secondary clays and zeolites. The sorptive capacity of the hat - rOck is 
likely to be : slightly reduced by the dehydration of2claysjindzeolites,in the 
disturbed zone and,remainunaffectedln -the.surroundinglrocks., ; Only :yery •; 
small amounts of volcanic glass are likely :tote,present. : HOck 7strength is 
not expected  to be affected by the geochemical conditions in,the repository 

1 
Summary of comparative evaluations  

Hanford and,Yuccallountain are the most favorable zitesjorthe, 
geochemistry guideline._ ,  These-two sites are expected to have the most 
favorable geochemical conditions with respect to the waste package and 
radionuclide retardation.- The basaltat Hanford should i respOnd favorablyto 
geochemical conditions in the 4i0ository - bY creatingiddifional sorptive 
capacity . jlanford,also has more favorable redox.conditions,,Yucca Mountain 
has unsaturateCconditions as well asjhe : additionalkadiOnUclideretardition 
effects of ,;matrix diffusion.' 	. 

The DavisCanyoni:the Deaf Smith, and the ,- Richton i Richton sites are favorable for 
all major considerations and are, essentially equivalent ;  with 	the'. 
geochemistry,guideline.Ihey,are less favorable than the nonsalt :sites 
because the sorptive, anacity of,salt,ls very limited and the-brines n.tthese 
three sites could reduce:the,lifetime of the waste ;  package: 	the 
geochemical-conditionsjn,the halt sites are not expected to enhance.-the 
retardation,of radionuclides,throughthe alteration of the:host rock to the 
degree thatjsexpected at! Hanford. , The amount,ofbrine. , ;:however, :urill 
probably be small, and the transport of , radionuclides by fthis_brine4s likely 
to be quite limited. Therefore retardation due to geochemical effects may be 
of limited importance 
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7.2.1.3 Rock characieriatics-(Oostaosure) .  

The- qualifyingYconditionfor-06stdlosurerock Characteristics is as 
followss 

• 	. 

The'Oresent and'expeCted-charecteristicS of-the'host'rockand ' 
surrounding unitsshall be-Capable.of accommodating the thermal,. 
cheMidel, mechanidel,and- radiation streeses•expeCted to be induced 
by repository construction, operation end closure andby'expected-: ,  
interactions among the waste, host rock, ground water, and 
engineered components. The characteristics of and the processes 
operating Within:the geolOgid•eetting . shall permit coMpliance 
(1)' the' requirements Specified :i  960.4-1 fOr 'radioniiclide releases 
to'the'acceSsible environMent ,ane(2) the requirements set forth:in .  
10 CFR 60.113 for radionuclide releaieSfromthe engineered-barrier' 
system using reasonably available technology': 

Major considerations  

On the:biiis Of:the qualifyingfavorable, and potentially adverse 
conditions for this gnideline . (see'Table:1-4), three MajOr . considerationeite ,  
identified-that-influence-the:faVorability'of theSitiA, NAtkiespedt to the 
qualifying condition. In . Ordei.of decreasing importance, they are (1) the:: .  
potential effects of repository-induded heat on wastfOontainment-Or 
isolation, (2) the complexity of engineering meashies,required .toensure-waste 
containment and isolation, and (3).flexibilityfor lohating the underground 
facility to ensure waste isolation. ' These major considerations are;' in-turn, 
influenced by a nUMber"of more-specific rock properties' and in SituOcinditiOnA.- 

Evaluation-of the.siteslw-termi of the maior'ConsideiatiOns 

Effects Of reiository-indUted-'heathis contideratiodis•derived froi 
the second favorable-condition and 	and thlid potentially' adverse'-LL: 
conditions. The factors contributing' to this condition are the thermal 
properties of the host rock, such as thermal cOnauctivity and the coefficient 
of thermal: eXpansiOnt tedhanicil properties, sUclias sufficiently high' 
duCtility for-fractures' to healt'thermoMechaniCal,behaVior, such as - the
potential for-therMally indhced:fraCtureS;-and geocheMidel COnditions, ,  such as 
the potential for brine MigratiOn'end:the hydration ,  Or dehydration Of minerAT' 
componentS. -'ThisHcOnsideratiOn als&takes:into -necounCthe-effect of 	' 
repository4ndUded , heat on' the integrity of the host rOck'and: . the surrounding 
rock units;: Bedanse of the potential effedit.OfthiZefactord . On4aste 
isolation, this major cOnsideration'-it more important-thin the other two.::  
summary of theevaluatiOn for'enthaite 

. 	• 
At Davis Canyon, the effect of repository-induced temperatiire -ineAset 

after closure can be favorable because of increases in the rate of salt creep,. 
which would seal the underground openings and reconsolidate and recrystallize 
the salt backfill. Adverse impacts from a temperature increase would include 
the migration of brine within the host, rock to the heat source and an increase 
in gas pressure if brines or gases are present:in significant quantities. 
Limited site-specific data indicate very little brine is present at Davis 
Canyon. The adverse geochemical impacts from a temperature increase could 
also include mineral alteration and the dehyareti4n,of carnallite, but test 

7 0) I" Et'21 



Table 7-3. Guideline—condition findings by major consideration-- 
rock characteristics (postclosure)'• 

Davis 	' Deaf 
	

Richton 	Yucca 
Condition 	Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 1:. POTENTIAL IMPACT OF REPOSITORY—INDUCED HEAT ON 
WASTE CONTAINMENT OR ISOLATION 

Favorable condition 2 

A host rock with a high thermal 
conductivity, a low coefficient of 
thermal expansion, or sufficient 
ductility to seal fractures induced by 
repository construction, operation, or 
closure or by interactions among the 
waste, host'rock, ground water, and 
engineered components. 

Potentially adverse condition . 2 

Potential for such phenomena as 
thermally,induced fractures, : the 
hydration or. dehydration of mineral 
componenti4 brine' migration, or other' 
physical, chemicali, or radiation—related 
phenomena that could be expected to 
affect waste containment or isolation. 

Potentially-adverse condition 3 

A combination of geologic structure, 
structure, geochemical and thermal 
properties, and hydrologic conditions in 
the - host rock and surrounding units such 
that the heat generated by the waste could 
significantly decrease ,  the isolation 
provided by the host Hock as compared with 
pre7waste —emplacement conditions. 

MAJOR CONSIDERATION 2: COMPLEXITY OF ENGINEERING MEASURES REQUIRED .  TO ENSURE 
WASTE CONTAINMENT AND-ISOLATION - 

Potentially adverse condition 1 

Rock 'conditions thatOould require 
engineering measures beyond reasonably 
available technology for the construction, 
operation, and closure of the repository, 
if such measures are necessary to ensure 
waste containment or : isolation.- -  

MAJOR CONSIDERATION 3: - 'SIGNIFICANT FLEXIBILITY IN NOSTAOCK DIMENSIONS TO ENSURE ISOLATION 

Favorable condition 1 

A host rock that is sufficiently thick 
and laterally extensive to allow 
significant flexibility in selecting the 
depth,. configuration, and location of the 
underground facility to'ensure isolation,' 

• Key: NP,.=.for the purpose of.this comparative evaluatiOn, the favorable or potentially.— 
adverse condition , is not present'at'the site: P for the purpose of this comparative evaluation, 
the condition is present at the site.:  

b  Analyses-supporting the entries in this tabWare presented in Chapter 6 of the 
environmental assessment for each site. 
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results to date indicate that-impaCtS from. alteration or dehydration are not 
significant if the carnallite is under confining pressure. 

At. the Deaf Smith sitei':repositorp-induced temperatUre increases in the 
salt would contribute to creep'effects like those at Davis7Caeyoe. The rate 
of - salt - creep - is - expected to - be - higher at the Deaf Smith site than at 
Canyon. The - potential. for creep-related disturbances .  to the interbeds and 
aquifers above the repository addi CompleXityHatthe Deaf Smith site. 

At the Hanford site,, repository-induced temperature increases may alter : ' 
the'permeability of the rock mass, thioUgh changes in fracturealt , 
increase the in situ stresses in the vicinity of the excavations, 

. 	_
► 

resulting in a. readjustment of the rock mass and alterations:inthe.local 
hydrologic regime. The rates of. hydrochemical reactions among:the,varioui-: 
components will increase with the addition of heat. Thie is expected to have'.' 
a positive effect on the isolation capabilities of the Hanford site. 	' 

• 
At the Richton site, the effect of the repository-indUced'temperatUre 

increase on'salt:creep is expected to enhance the isolation capability of: the 
site. The rate of salt creep. at the Richton Dome is expectetito be similar to 
that at the' Deaf Smith site. The absence of stratification - And:the higher 
purity of the salt at Richton Dome should 'result in a less-anisotropic. 
mechanical response to the temperature increase. TheAtichtonAlime has a low. 
brine content, and therefore minimal effects from brine'MigritiOe are 
expected. Thermally induced uplift could affect the caprock (gypsum), over: the 
dome, but modeling results indicate that such uplift is not expected to 
adversely affect the isolatide capability of this site..,,  

• 
At Yucca Mountain, the problems associated - with repository-induced heaty 

are negligible, primarily because the undergroued fac3.1ities are_in the' 
unsaturated zone. The thermal pulse will modify the Permeability'of4xliting 
fractures since.  thermal expansion decreases the permeibility1of the-rockmass,'' 
which in turn,reduces the potentia“or new. fractures:" ThejuccaMbuntain 
site has some iock-mais heterogeneities thit'COuld cause an undeteimined, but 
probably not adverse, response to heat (from both the variability of the . 
content of . lithophysae and the regions in which the tuff has been welded to—  ' 
different - degrees). Although only preliminary measurements; from surrounding.' 
strata are available, the rock stresses are not expected to be increasedto 
unacceptible , levels by the thermal response.  

Complexity of engineering measures.  This consideration includes in situ 
characteristicsand. conditions,hat could. require- 	measures beyond. 
reasonably aVailable technology to'insure waste Containment and isolition. 
Engineering measures relate directly to the qualifying condition thtOUgh'the" -
specificationthat reasonably, vailable technology is to be,esed,to'meet_the, 
reqUirements of the engineered-barrier system. It is:derived:frem the , first  
potentially adverse condition. The major contributitg - factoratethia:' 
consideration are the uncertainty about the durability of:mee7mide:Seili;ig 
material after closure and the effects of the in situ envirenineet'on'    _ _ 	_ 
engineered-barrietperformaece . (e.g., the effects of brine, on the disposal,  
containerWOoMPTekityof engineerine,MethOdijs.Conaiderekleaa importi4t. 
than repository-induced heet effects beCausi ef thegieateipotential of heat 
effects to impair the isolatiolvcapabilitiewalbe site. 'A .  summary of•the' 
evaluation for each site follows. 
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Tbe sealing of borehples and shafts at Davis Canyon is not expected to 
require complex engineering methods: The processes of sealing a repository_ in, 
salt can be accomplished with technology,developed in the salt-mining 
industry. With regard to interactions between the waste :and.the,host rock, 
brines at Davis Canyon, if present, could accelerate the corrosion of the.. 
waste package. 

Like Davis Canyon, the .Deaf Smith, site is not expected to require complex 
engineering methods::Jhe site is expected to require particularly :careful, 
sealing to isolate.: the shaftfromthe Ogallala aquifer. The repository can 
sealed by technology-deyeloped_in the salt-mining industry from experience in 
drilling in the palo:DuroBasin. ,Interactions between the tripe.that maybe 
present and the waste packages could accelerate the corrosion of the waste 
package, which could diminish the containment capabilities of the 
engineered-barrier system.. 

The ; ability_to properly seal shafts and.bpreholes in basalt and to : , 
confirm the long-term effectiveness of seals,are.major.concerns at Hanford. 
In particular,2the sealingna theoverlying„aquifersjrom the repository - 
horizon will require additional engineering measures to effectivelvisolate 
the waste. With regard to interactions of the various components of the 
engineered-barrier system,theexpected presence of ageochemically reducing 
environment after.closure.and r the sorptive properties of_thesecondary 
minerals formed : in.fractures.in basalt.are - likely to enhanci.the containment: 
and isolation capability atjlanford. 

At the Richton site, shafts through the overlying saturated sediments and 
the caprocknan be-sealed by:using technology similar to that usedjp,minesjn 
other sa101omes. r ,The:sealing of the ;repositori isnot,exPectedto,require 
complex engineering, measures. Interactionsbetween-the brine that may, n 
present in the lichto“ome:and theyaste package.could accelerate the: :  
corrosion of the waste package, which could diminish the containment 
capabilities of the engineered-barrier system._ 

At-Yucca Mountain,, thehostrock is unsaturated; furthermore, 
construction experience at the Wirada TtstSite shows that technology for 
borehole and shaft seals is readily available. In addition, since the seals 
will be required to perform only as well as the .overalirock7mass 
permeability, long-term seal performance requirements - are'not particularly :  
demanding. With regard to the; nteractions of the various componentsAgthe 
engineered-barrier-system, the expected rock and.geochemical -.conditions are 
favorable. 

. 	_ 
Flexibility . . 	pertains to flexibility in :determining 

the depth, configurstion,,and :location of the-underground repository. It 
relates to the qualifying condition because flexibility in locating the 
repository at a site increases the favorability of the site with respect to 
the qualifying condition. Added- flexibility in locating the r 	yepositor 
help avoid geologic features oranOmalies that could adversely affect the 
isolatiolvcapabilities,   the:Ote,:Even,Afterrequirementsifor preclosure 
flexibility have been satisfied, added flexibilitrmay still ; be necessary to 
satisfy this 	consideration in terms of the depth, ofexcavations, 
the orientations of: drifts and their intersections, and the location of 
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seals. 'A greater volume of hoit rock could provide isolation capability over 
and'aboire thedegree deemed 	acceptable.' On this basit, the -  ' 
contribution'ofjlexibilitTto waste imolAtion is'less than that of 	other - ' 
two contideritions for this guideline.. 'A - summary of the evaluation for each 
site folloWs. 

The host rock at Davis Canyon is expected to offer significant 
flexibility'in that the'evailable thickness appears to be several times 
greater than the required thickness.'-In addition, the potential'hOst rock 
extends laterally underground for many kilometers. The presence of 
significant interbeds, impurities, gases, and structural features and their: -  
potential for adverse effects On-fleXibility are not yet well defined • i this'- 
site. 

At the Deaf Smith site, numerous interbeds may limit the vertical 
flexibility of locating a repository with respect to isolation 
considerationd. In contrast,•the host rock-is' expected'to extend laterally-
for a considerable distance. - The presence of impuritied, brines, gases, and . - 
structural features and their potential to aditeraely affect flexibility are 
not yet well, defiUid. 

, 
The Hanford site appears to offer'restricted vertical but extensive 

horizontal fleXibility with respect to isolation consideretiOns. The 
thickness -of the basalt can vary significantly over'short distancei, 'and the 
predictability of host-rock thickness is considered to be uncertain becauie of 
a limited data base. 

The- Richton site'provides significant verticil , flexibility and adequate-
lateral flexibility. -Unfavorable internal 'structures Within the salt dome ' 
could be encountered during site characterization; if present,•  they would 
diminish the'flexibility for locating underground facilities et - this site. 

• 

The host rock at.Yucca Mountain offers significant vertical flexibility 
but lateral flexibility is restricted by minor faults, shallow overburden, or 
site anomalies. .The lateral hOMogeneity of the potential hoetrook'outlidi' 
the primary repository area has not been established. 

Summary of comparative evaluation '  

YUcca' Mountain-14' the most favorable site on the basii of the two most 
important' considerations. It is' expected- that the response of the host rock- .  - 
to the heat loading of the repository would have an overall favorable effect.-
Furthermore, the long-ermseal-performance requirements at Yucca Mountain are 
not expectmito be very dethandiPg. AlthOUgh the flexibility for lOcatiO)Ohe 
underground facility is limited atlUcce Mountain, this'doeSpat - oUtweigh:the 
favorability'ofthe'other more important considerations. 	• 	' 

The Davis Canyon and the Richton sites are' next in favoratalityfOrthe' 
rock-charecteristiCs gUideline: At Davis Canyon,' the repoiitory7induced'- - ' - ' 
temperatureinCreaie is expected tcOmproyOha'performance of 	site by' 
increasing the' rate of salt creep, WhiCh would "seal the underground openings- 
by recobSolidating the salt backfill. RoweVer, the impact of the brine 
migration toward the heat:source needs to'be assessed. The sealing'or 

7-28 

7 0 .  



boreholes and shaftS at Davis Canyon is not expected to require coMplex 
engineering methods,_.Davis„Canyon,is also expected tooffersignificant 
flexibility in locating the,repository because of its lower brine content. 
The Richton:Site is more faVorable than Davis Canyon for the 
repository-induced heat.consideration. .Richton is less favorable,than Davis, 
Canyon and Yucca Mountain on the basis of the major consideration for the 
complexity of engineering methods because of potential problems with sealing* 
'the repository from the overlying sediments and caprock.. The Davis.Canyon and 
the Richton sites are equally favorable with respect -to'hostrock 	- 
flexibility. On the basis of these comparisons, Davis Canyon and Richton ire, 
approximately equal in favorability under this guideline. 

Hanford is somewhat less favorable than the Yucca. Mountain, the lavis .  
Canyon, and the Richton sites for this guideline. Although Hanford is .very 
favorable with respect to the effects of repository-induced'heat, itAzak' 
require complex engineering.methods because of potential difficultiet in 
sealing the overlying aquifers from the repository horizon. There has been 
little experience in sealing hard-rock mines to the degree that will be 
required for. the repository... Hanford also appears,tooffer restricted, 
vertical flexibility with respect to isolation considerations. 

The Deaf Smith site is considered to be somewhat less favorable 
regard to the rock-characteristics guideline. It is the least favorable site 
for the majoi;consideration of repository-induced heat.because:of 
more-extensive interbeds. It is also the least favorable siteunder . the third 
major consideration because the presence of interbeds limits its vertical 
flexibility. However, these considerations are not likely,to- significantly,  
affect the ability of the site to contain or isolate waste. ,  

7.2.1A Climatic changes  

The qualifying condition for_the climatic changes guideline.is 

The site shall be located where Puture climatic 
conditions will not be likely'to lead to radionuclide 
releases greater than those allowable under the 
requirements specified in §960.4-1. In predicting the 
likely future climatic conditions at a site, the DOE will 
consider the global, regional, and site climatic patterns 
during the Quaternary Period, considering the geomorphic 
evidence of the climatic conditions in the geologic 
setting. 

Major consideration 

as follows: 

On the basis of the qualifying, favorable, and potentially adverse 
conditions for this guideline (see Table 7-4), one major consideration is 
identified that influences the favorability of the sites with respect to the 
qualifying condition: the effect of future climatic changes on the ability of 
the site to isolate waste. Contributing factors include Quaternary climatic 
cycles and the in situ conditions at a site. The major consideration is 
directly related to the qualifying condition through the consideration of 
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Table 7-4. Guideline—condition findings by major consideration--climatic chan9 4• 	s 

Condition° 
Davis 	.Deif 

Canyon 	Smith 
Richton. 

NanfOrd 	Dome 
, Yucca 
Mountain 

Favorable condition 1 

A surface—water system such that expected 
climatic, cycles over the next 100,000 
years would not adversely affect waste 
isolation. 

Favorable condition 2 

A geologic settinwin which climatic 
changes_ have had little effect - on-the 
hydrologic system throughout the 
Quaternary Period. 

Potentially adverse condition 1. 

Evidence that the water table - Could 
rise sufficiently over the next 10,000 
years to saturate the underground=: acility 
in a previously unsaturated host rock. 

Potentially adverse .  condition 2, 

Evidence that climatic changes over 
the, next 10,000 years could cause' 
perturbations in the hydraulic Oidient, 
the hydraulic conductivity, the effective 
porosity, or the.ground—water flux 
through the host rock and the Surrounding 
geohydrologic units, sufficient to 
significantly increase the transport of 
radionuclides to the accessible environment. 

'P , 

NP 
	

NP 
	

NP 
	

NP 
	

NP 

NP 

b  Analysei supporting -  the entries inthiS table are presented in Chapter 6 of the` 
environmental assessment for each site. 

o All the conditions in this:table are associated with one major consideration: the effect, 
of climatic changes on the ability of the site to isolate the waste. 
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climatic changes that may:affect:waste isolation. -: It is derived from the two 
favorable.conditions and the two potentially adverse conditions. Asummary,ofl: 
the evaluation foreach site follows. 

Evaluation of 'sites with respect to the major consideration - 

At the Davis Canyon site, climatic changes during the Quaternary Period 
are thought to have increased precipitation by as, much as 120,percent..: 
Increased.precipitation,during the Pleistocene.may have,increased.recharge: 
rates and flow throughhydrostratigraphic-units as well as rates7pUerosion 
and dissolution. Estimates of increased•precipitation are based.. on ,regianal;;_ 
data that cover the last.13000,:years.and site7specific.geomorPhiC:data.7i, 
Although it is uncertain by how much increased_ precipitation affected the 
hydrologic system,. it does not-appear that:changes,of the same magnitude would, '..' 
adversely affect waste isolationTo.establisbbounding.caseslor.the 
potential effects of increased:precipitation.on : the hydrologic, system, 
simple worst-case assumption was 	in which increased precipitation raises. 
the_water7table tothe_grOun&surface. in the Abajo.Mountains.:.:Ihe resulting ; ,,t; 
hydraulic gradient;between.the:Abajo MountainsJAnd the.Coloradc,  
significantly greater than thelpresent.maximum apparent:hydraulic:gradient. 
estimated:from hydrologic-tests.. Preliminary estimates,:oUthe,.rates of-J  
erosion:and:dissolutionduringtheQuaternary,Period,:ifprojectedintothe: 
future, would not•affect the:Isolation capability.of the host-rock,Axcause'no. 
significant_changes inflow parameters, such as..porosity or permeability, have 7 , -,:77 

been identified in the Quaternary Period. Preliminary estimates of the 
maximum rates of incision over the next 100,000 years are approximately 40 
meters (132Jeet). Although:increased - rates ofLincision mar.alter i:the 
surface-water. system, increased incision:at the•turfaceAs:nntlexpected.to: 
affect thelIntegrity:ofAcrepository.st'adepthof.885.meterv(2,900Jeet)., , , 

AtAhe-Deaf-:Smith site,=_regional data7indicatethat.lowertemperatures.:. 
and increased'effective,moisture:occurred dUring.thelleistocene:H-The 	r 
Quaternary'record suggests, cyclical IncreasesAm7precipitationduring'pluvial 
cycles. Increases in - precipitation during future-pluvial.conditionsNouldn 
increase surface7,wateripondinuand-growthioftvegetation..,-. The increased 
vegetation would7tend,toJlecrease:thelrates , of,erosioni , though:localiced 
increases:in-Jerosion-couldoccut. tnear escarpments,IAlthoUgh , these_climatic_ 
changes wouldchange;the!surface-water,system,they are not expected:to reduce-,•: 
the waste-isolation capabilities of:.thelaost:rock.' Potential effects of 
Quaternary climatic cycles on the hydrologic system include changes in the 
rates of recharge- ànd ;  ncreaseCsates 0f.dissolutionat salt:margins 
Increased recharge!to ihe,upper ; hydrostratigraphic:unit, would . result in ran' 
increase412-thehydrologic gradient between this -unit.,andthe7underiying7•7,1 
units c -but.models:ofJ this.processshow toeignificanteffect in the underlying;..:.a 
units,for,more than%10,000 years.Although-the data are insufficient 
quantify_the,effects : of,these:changes,onthe hydrologic system,-,there.is%no.li-
evidencejo.suggest that, unternary climatic changes'had-a:significant ,effectn:-.!.: 
on the ground-water :system. 	. 	.  
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At:theXanford ,site,- if,glacially;induced - catastrophic floods:recurred, 4,c. 

they would,alter :.the present surface-water systembyincreasingyrunoff,the 
rates of erosion,. and ponding. - The net effectvf::catastiophic ,flooding7would-lv:- -  
be sediment aggradation. These changes in the surface-water system would..be-'ilvl 
short-lived and are not expected to significantly'affect the confined aquifers 
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of the Grande Ronde basalts,- If glaciation were to recur, the - major adverie 
effects would be increased recharge from meltwater and.catastrophin-flooding.-  
Increased recharge may be expected to cause some rise .  in the potentiometrid 
surfaces of shallow aquifer systems, but the transient nature of increased .  
recharge is such that significant long-term effects_ on theConfined equifers-
of the Grande Ronde basalts are not expected. 

For the Richton site, the data are insufficient to quantify the effects 
of future climatic changesOn-the surface-water system. However, regional 
data suggest that, if the Climate returned to a' glacial maximum,` increased 
precipitation would . slightly"increaseerosion anciground-water recharge. 
During the late Witconsinia&glaciation,Hthe , sealevel in the Gulf of Mexico 
was 100 to'130'meters (330 to 430 feet) below the present mean sea level. 
This regional change in base leveL - combinectwith:regional uplift, resulted, in`  
stream entrenchment.' Geomorphicevideace in the region suggests that stream 
entrenchment in major rivers was-on the:Order of -130 meters (100 feet). This-. 
wouldhave littlereffect on,  the-deeP Confined' ground-water system around the 
RichtonDome.' kfuture interglacial cYdleraccompanied'by a meltinedf:the:, ice 
sheets .  equivalent to Pleistocene interglacialsvcouldcause arise in seaAevet -
of 5 toA.0 meters (16 to12 feet).. An equivalent rise in sea level. would i not: 
inundate the surface of the siti, which is-at, leasi'50 meters (164 feet)'above 
the mean sea level. Ylhus,the analysis-of - regional data suggests that future 
climatic changes would not4ffectthe surface-water.or the ground-water 
systemi to the extent that:the iSolationicapabilities of thiasite would be 

'affected. 

Analysis of data on the effects of-climate changes in the vicinity of 
Yucca Mountain-suggests-that - surface-water systeM&-changedAittle during the 
Quaternary Period and are not eXpeated , to changesignificantlyAn the 
10,000 years. The present surface-water system was established by early 
Quaternary:time..It is unlikely that the maximum probable climitin Change '  
from arid to semiarid -conditionsi,woUld cause &significant change in the:-
present drainage system. Climatic data-suggest that Quaternary climatic 
changes had the following effects onthe -ground-iater system: - increased 
recharge; increased eleVation'ofi-and gradientsAn4 the water table; and 
upgrade shifts in:discharge:points. Data from th&region suggest that the 
effects'Of these changes were minor. One exception- may be the effect of 
increased recharge on the hydrologic.sYstem, though thiamagnitude . of . the 
increased - recharge has not yet been quantified. 

If pluvial conditions were-toroccur, increased recharge may have At 
significant effect on the ground=water'fltnUand may! :  raise the level'of:the 
water table, Preliminary modeling of.increases in' , the Water table during 
full pluvial cycle,: assuming a-100-;percent increaseAn precipitation,. suggesta 
a maximurerisendf ,  130 meters (427 ,  feet).- , .Such a rise In the' Water table would 
not saturate the repository, !Furthermore,nonsideringthe various: sources: of 
uncertainty inYthe model-=such aa.the method: used to simulate rechargethe 
assumption that the response of the water table is instantaneous, and-theruse:. 
of a two-dimensional model to simulate three-dimensional flow--the prediction 
of a 130-meter rise '-in the water table is •uncertain and may nOttirealiatic 
It is unlikely that increased recharge from a return to pluviali•onditiont 
would aignifinantly increase radionuclide transport to the aiseSsible 
environment. 
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Summary of the cOMOirative'evilUatioii 

The available data suggest that the Davis Canyoh,Deaf Smith, Hanford, 
and Richton sites are equally "favorable with respect to the major 
considera4on_ancithe guideline on climatic changes.. At these sites changes _ 
in the surface-water system over the next 100,000 years are not expected to 
adversely affect isolation capabilities. Climatic changes during the 
Quaternary Period may have had minor effects on the ground-water systems. 
the next 10,000 years, none of these sites is expected to-undergo climatic
changesthat would decrease the ability of the natural barriers to isolatethe 
waste. 

r 

The Yucca Mountain site is less favorable than the,other sites_because. ,  
future climatic changes may produce a significant - increase:in'rechargertathe 
geohydrologic system. Assuming an eventual return to pluviarConditiont 
preliminary modeling suggests that increased,reCharge.mak.increasethe , 
ground-water flux, decrease the ground-water traveitime4'and - increase the 
elevation of the water table. The potentially increased fiiix, - COnbined With a 
substantial rise in the water table, introduces greater uncertainty in.. 
assessing the potential effects. of future climatic changes on the Yucca_ 
Mountain site.,  However, climatic conditions during.thenext10,0004=eart. 
would not be likely to significantly increase radionuclide,releases:tothe 
accessible environment. 

7.2.1.5 Erosion 

The qualifying condition for erosion is astf011ows: 

The site shall allowthe underground fiCiliti to be, 
placed at a depth such that erosional proCessesi-actirikupon 
the surface will not be likely to lead to redicinuaide: - - 
releases greater than those allowable under the ,  
requirements_specified in §960.4-4.__In :predicting the._ 
likelihoodpf s logentiallydisrupive,erosional i  processes. 
theDOE will,Consideethe:climatictectonic, and 
geomorphic evidence_of . rates and patterns of.erosion'inthe 
geologic ietting:duringthe'Quaternary 7 PeriOd. 

Major consideration 

On the basis of the qualifying, favorable and potentially adverse 
conditions for this guideline (see Table 7-5), one major consideration is 
identified that influences the favorability of the sites with respect to the 
qualifying condition: theeffects-of erosional processes on waste isolation. 
The major consideration is deriVed from the'three faVorable conditions and the 
two potentially Adverse'conditions and evaluates effects of erosional 
processes on waste isolation. It is direCtly related to the qualifying 
condition through emphasis on the'ability to isolate waste. 



' Table 7-5. Guideline-condition findings by major consideration-erosion!,' 

Condition`' 
Davis 	Deaf - 	-Oichton 	Tutta. 

Canyon 	Smith ' Hanford ' Dome. - 	Mountain 

Favorable condition 1 

Site conditions that permit the, 
emplacement of waste at a depth Ot, 
least 300 meters (984 feet )belOw' 
the directly overly ground -surfaCe. 

Favorable condition 2 

A geologic setting where the'nature and 
rates of the erosional processes that 
have been operating during the Quaternary .  

Period are predicted to have less than 1 
chance in 10,000 over the next 10,000 years 
of leading to releases of radionuclides to 
the accessible environment. 

Favorable condition 3' 

Site conditions such that waste 
exhumation would not be expected to 
occur during the first 1 million 
years after repository closure. 

Potentially adverse condition 1 

A geologic setting that shows evidence 
of extreme erosion during the Quaternary 
Period. 

Potentially adverse condition 2, 

A geologic setting where the nature and 
rates of geomorphic processet that haVe 
been operating during the Quaternary Period, 
could, during the first 10,000 years after., 
closure, adversely affect the'ability of 
the geologic repository to isolate the waste. 

I Key: NP = for the purpose of this comparative evaluation, the - favorable or potentially 
adverse condition is not present at the site; P'= for the purpose of this comparative evaluation, 
the condition is present at the site.  

b  Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for each site. 

All of the conditions in this table are associated with one major consideration: effects 
of erosional processes on waste isolation. 
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Contributing factors include the depth of waste emplacement,-evidence of 
extreme erosion during theAuaternaryJPeriod,: the potential foruncovering the 
waste, and the assessment of.future erosion' rates and - geomorphic processes'on. 
the basis of the climatic, tectonic,:and -geomorphic evidenceof:erosion'rates 
and patterns-during the Quaternary Period.' These factors cannot be-evaluated: 
individually to make a.judgment on the qualifying condition; they-must be 
evaluated together. It is.for!this - reasonthat- only one major:consideration. 
is identified. A-summary of the evaluation foreach-site.follows._ 

Evaluation of sites in terms of the major consideration .  

At Davis Canyon, the host-rock unit (salt cycle 6) is estimated to occur 
at a depth of approximately 885 meters (2,900 feet). During_the Quaternary 
Period, erosion in the candidate_area has been almost continuous,- though . 
long-term rates of incision are not thought to be extreme. ;Streamerosion 
predicted to erode no more-than approximately 3 meters 112 feet) below the 
present ground surface in 10,000 years. Streams in the region have been 
predicted to erode up to 240 'meters (800 feet) into their present channels. 
(using long-term incision rates) during the first million'years after 
repository closure. The Quaternary geologic record indicates that geomorphic - 
processes should not adversely affect the ability of the repository to isolate 
the waste. This includes a preliminary assessment of the eastward. .propagation 
of the graben systems west of.the site. Considering the planned depth of the . 
repository, present knowledge suggests that it is highly - unlikely that erosion 
will lead .to releases of radionuclides to the accessible environment in the 
next 10,000 years. 

At the Deaf Smith site, the host rock is in .Unit 4 of the:Lower San 
Andres Formation, where 'the top of the unit . ii 700 to 760 meters (2,300 to 
2,500 feet)-below the surface. No evidence , •s recorded of eXtreme.erosion-at 
the site. Extrapolation -from.a relatively high river-incision tate;it 
Holocene,time:thows-erosion to a depth of.63 meters - ,(210 feet)lin the:next 
10,000 Yeaksi Projections of average Quaternaryconditionsindicate that . 
erosion of 100 Metersj330 feet).would occur. over the next -1 Million - years., 
Projections of Quaternary erosional- .conditions indicate thatthe'waste 'would 
remain isolated after 10,000 years.. Considering the planned depth-of the _ . 
repository', it is unlikely.thaterosion will lead to. releasetof:radionuclides..: 
to the atetikihle environment in the next-10,000,years; 

At the hahford site, the depth to the Cohassett flow to is 869 to.943; 
meters (1,80 to 3,093 feet). The site does not show evidence of extreme 
erosion linking the Quaternary Period. Because the depth of erosion is 
geomorphidiiiY Controlled by base level, future incision is limited to depths 
above the MOJA= sea level. Past glacially induced sea-level .  changes 
indicate that erosion at the site could . proceed no further thin about 440 
meters a,443 feet) above the top of:the:candidate"horizon.-The:depth-of-the 
candidate horizon and the geologic setting of the site are such that the waste 
would not be expected to beuncoveredIduringtheJirst million years after 
repository closure. Therejs,little thance,:if•any, of erosion-leading to 
release of radionuclides to theraccessible environment over the.nextl0,000 -  
years. 	 , 

pie s  • 	1,  
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' At the Richton site, the waste would ber emplaced at a depth of 646 meters 
(2,119 feet). No evidence of sustained-extreme erosion'duriag the Quaternary 
Period is found in the geologic setting - of the'site. The geomorphic processes • 
that have been in operation'during th•Quaternary Period have resulted in a 
long-term, erosion rate of 1.2 meters (4 feet) per 10,000 years. This rate-
would result in the removal of 120 meters (394 feet) of material in 1 million 
years, leaving 526 miters (1.718 feet) of, material over the repository. -  The 
chance of erosion removing the entire thickness of overdome sediments is much 
less than 1 in 1 million. Thus, it is very unlikely that erosion over the 
next 10,000 years would lead to any radionuclide releases to the accessible 
environment. 

At Yucca Mountain,the minimum.thicknest of the overburden above the 
repository would be about 230 meters (750 feet).. For about 50 percent of -
Yucca Mountain, the Overburden is more than' 300 ;smeters:(9841eet). Average 
stream-incision rates during'the:past:300400years have - not-been extreme, and 
there hasbeen-little.change'in the.patterna-of erosion at the site during the. 
Quaternary -Period. -. On, the basis of average stream-incision rates, the 
shallOwest portion:of the repositorY itexpectedto-remain buried much:longer 
thaml-  million years. ' OVeva period.ot 10,000 years, erosional processes 
would be expected to remove Only. 1 meter (3 feet) of overburden.- The 
probability that-erosion would induce-a loss of isolation is ,less thin 1 in 1 
million Over the next 10,000 years -.': Thus, although the Yucca Mountain site 
does.not meet.the faVorableconditiOn on'the depth ofemplacement v it appears 
that the prObabilities of erosion causing aloes ntisolation:are lower than 
those considered credible in EPA regulations (40 CFR Part 191). 

Summary of the comparative evaluation 

At allAhesiteeithe underground repoiitory canlie. placed deep-enough to 
protect it from erosionalOrocessei.ecting on the surface: ,  The predicted.• 
rates of:erosionare loi atall: five sites.: All waste-emplacement-horizons -
are too deep for credible geomorphic - processes to adversely affect the 
performance of.-therepository.. Although the rates of erosion vary from-site  
to siteithe variation:iehot:significant. None of: the sites is expected.to 
erode to.Sueran extent-that the waste Would be uncovered during•the first 1. 
milliotOrearsIt is alsO:very unlikely that eitisiolvit ani'of the sites 
would result in releases of radionuclides during the first 10,000 Years.:• 
Therefore, all sites are approximately equivalent with respect to the erosion 
guideline.: 

7.2.1.6 Dissolutica.: .  

The qualifying condition for.pOitclosure diSsolutionia as - foilOWsv., 

The siteshalllie locatedauchithat any subsurface rock 
dissolution will not be likelk.tniead:to - radionuclide.. 
releases. greater than thote ailoweble:undet the 
requirements specified in 1960A-1. 	predicting the 
likelihood of:dissOliztiOn within the geologic setting at a 
site, the-DOE will considertheevidenCe of dissolution 
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within that setting during the Quaternary 'Period, including 
the locations and characteristics of.dissolUtion fronts 
other dissolution features, if identified.' • 

Major consideration  

On the basis of the qualifying, favorable, and potentially adverse 
conditions for this guideline (see Table 7-6), one major consideration is 
identified that influences the favorability of the sites with respect to the 
qualifying condition: evidence of host-rock dissolution during the Quaternary 
Period. This major consideration is influenced by several contributing 
factors, such as the solubility of the host rock under nonextreme geologic and 
hydrologic conditions, unusual ground-water chemistry, and  evidence of 
significant dissolution during the Quaternary Period. 'The consideration is 
directly related to the qualifying condition through concern'about the -
disruption of the natural and engineered barriers by the dissolution of-the 
host rock. Such disruption would result in the potential for exceeding the 
radionuclide-release limits set by the NRC and the EPA. A summary of . the 
evaluation for each site follows. 

Evaluation of sites in' terms' of the major consideration 

The Davis Canyon site is 16 kilometers (10 miles) from the nearest known- .  
or potential disSolution feature. Although data on the rate of magration'of 
dissolution fronts in the . Paradox Basin are not available, the rates estimated 
for other basins suggest that a dissolution front would not reach the'site for 
at least 10,000 years. However, it should be noted that the use of such an 
extrapolation technique increases the level of uncertainty in this estimate. 
Other known and suspected dissolution features in the area include the 
Lockhart Basin, 19 kilometers (12 miles) to the north; Beef Basin, 22 
kilometers (14 miles) to he southwest; the Needles Fault Zone, 18 kilometers 
(11 miles) to the west; and the Shay/Bridger Jack/Salt Creek graben system, 16 
kilometers (10 miles) to the south. Data derived from field mapping and 
geophysical logging near the site have not• revealed features that would 
indicate Quaternary dissolution. However, the saline grotind waters of the 
overlying Honaker Trail Formation and the underlying Leadville Formation are 
thought to indicate past or continuing dissolution of the salt in the Paradox 
Formation. 

The Deaf Smith site is somewhat further from active dissolution fronts 
than Davis Canyon. Dissolution at or above the repository level is known to 
occur 103 kilometers (64 miles) to the west, 29.8 kilometers (18.5 miles) to 
the north and 118 kilometers (73 miles) to the east of the Deaf Smith site. 
The rates of migration for these dissolution fronts have been :Calculated from 
data on the level of salinity in streams. These data suggest that the most 
rapid rate of migration for the dissolution frOntsis 0.98'meter (3.2 feet) 
per year for the eastern front, while the northern front is migrating at a 
rate of 0.0008 meter (0.0024 - foot) per year 'The-rate of dissolution for the 
western front is expected to be even lOwer. Thele talCulations'are based on 
the assumption that the dissolution front is uniform, wtich could 
underestimate the actual rate of dissolution. :Within'the basin, interior 
dissolution is evident in'the uppermost saltaegtience'beneatWtha High;Plairts 
aquifer, as indicated by data from distolutionVelli. However; the rate of 
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Davis  Deaf  Richton  '' Yucca 
Canyon  Smith  Hanford  Dome  Mountain Condition° 

2 

Table 7-6. Guideline—condition findinge by ma or consideration--dissolution°.° 

Favorable condition 

No evidence that the host.rock . within - : 
the site, was,  subject to significant 
dissolution_during the Quaternary'Period. 

Potentially adverie condition 

Evidence of'dissolution within the . ' 
geologic settingsuch as breccia - pipes, 
dissolution cavities. significant 
volumetric reduction of, the host rock .; 
or surrounding strata, or any - etructural. 
collapse—such that a hydraulic 
interconnection leading to aloss' of 
waste isolation could , occur. 

o Key: NP s for the purpose of this comparative evaluation, the favorable or potentially 
adverse condition is not present at the site; P _.for .the purpose of this comparative evaluation, 
the condition is present at the site.  • 

b  Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for each site.  • 

o All of the conditions in this table are associated with one major consideration: effects 
of dissolution processes on waste isolation. 
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dissolution is very slow and has been estimated to be 0.000064 meter (0.000021 
foot) per year. No dissolution fronts near the Deaf Smith site or in the 
interior basin are expected to intersect the repository horizon in less than 
100,000 years. 

• 
The rock at the Hanford site consists of minerals that are dot readily 

soluble, and significant dissolution leading to radionuclide releases fromhthe 
site is not considered credible. It-is highly unlikely that dissolution will 
occur along fractures within the repository during or after the thermal phase 
to the extent that the permeability of the•fracture,system will increase. The 
permeability of the fracture ,system will probably decrease because of the ,- - 
alteration of glass and the formation of clays and zeolites within the :4 

fractures. 

The Richton site has no topographic depressions over the'salt dome, and 
limited.data suggest that the Tertiary sediments overlying the 'dome are' 
laterally continuous.: There : arertwo.relatively small,closed circular --, 
depressions Just off the eastern flank of the dome that appear to!be the. 
result : of near7surface;processes; , however, at this time, their, origin--is 
uncertain. Samples of4sroundwater from a shallow fresh-water aquiferreveai 
possible saline anomalies,,  on the  south sideof the doms(downgradient 
dome). Theseanomalieswere identified on the basis of a verylimited number 
of boreholewtherefore, : the origin of-.the high salinity level in the water.JA, 
the upper aquifer is . unknown,atthis time. .,Possible origins, for the 
salinities include salt-dome -dissolution, variability of,aquiferconditions,, -- 
and artificial contamination. 

The-Yucca Mountain site,is,composed of rock whose,mineralvarenot 
readilysoluble,And.significant-dissolution leading to,radionuclide:releases, 
from the sitejs2not7considered Oredible.,.It is highly unlikely ,thatl 
dissolution will, occur along.fractures within therepository.duringH,or after, 
the thermal phase to : the extent that the permeability:ofthejracture.,system 
will increase. 

Summary of comparative evaluation. 

HanfordandYucca Mountain ;  are the most favorablesites for the : -. 
dissolution guideline because the host rocks and surrounding unit-,consist 0 :..- 
minerals that-are not readily soluble. 

The Davis Canyon, Deaf Smith; and Richton sites are less favorable. 
Available data, suggest. 	dissolution,. probably occurredat T each salt site_,' 
during the,QuiterOary period,-.but the rates otjlissolution are too iowto lead_ :  
to ajoss.ofHwaste isolation. , Thereris t .hoWever,-  considerable,uncertainty 
associated withAhese ratesbeciuse of the limited data-base for,each site. 



7.2.1.7 Tectonics (oostclosure )  

The qualifying cOnditioti tor postclosure tectonics is as follows: 

The site shall be located in a geologic setting where 
future tectonic:prOcesses -  or events will notbe likely to 
lead - to radionuclidelreleasessreater than thoSealloWable 
under the requireinents.ipecifiedin §960.4-1. In 
predicting the likelihood of potentially'disruptive 
tectonic proceisesneeventS, the' DOE wiltOonsider the 
structural, -  Stratigraphic;-geophysical and seismicevidence 
for the nature and rites of tectonic procesies'ind events 
in the geologic setting during the Quaternary Period. 

Major consideration  
. 

On the basis of the qualOying,-favorable,-  and - potentially adverse ' 
conditions for this gnideli*(see Table 7-7),'One major' consideration is 
identified that influences , the favorability of the sites with respect to the 
qualifying condition. This major'coniideration . cOnterns'estiMates and 	/- - 
projections'oUigneond - activity and tectonic' prodesies Over the next 10,000 
years and' the effect of these processes on radiOnuclicWraleaies. It is 
directly'related to the 'qualifying condition throughthe ) evaluatiOn of 
radionuclide releasei attribnted'to potential tectonic phenomena. 'It'i4 

. derived-from the favotalecondition and the slit potentially adverse 
conditions. 	 . 	• . . 	, 

The contribntidg factors for this major consideration include evidence'of 
tectonic orAgneOus'activity'during:the Quaterharylerio&,-theLlikelihoOtIor 
the next 10,000 YeaiSof tectonic andjigneon4'events . thitCOUld -  alter the 	• 
regionallroun&-witer-floWsystem; the-hietoriCal:record of seismicity, the"' 
correlation - of - earthquakes with tectonicleatures, evidence -of Quaternary 
tectonic processes (especially at the repository site), and the potential 
effects of tectonic and igneous events on the repository. The rates of 
igneous and tectonic activities cannot be evaluated-individuallYt - thesd 
conditions must be evaluated together to determine their impact on the total, 
isolation system, and therefore only onemajor consideratiOn was identified 
for this guideline. A summary of the evaluation for each'sitiSfolloWs.' • 

Evaluation of sites in terms of the major considerations  
• 

In ,  the geologic setting of the Davis Canyon site,' Quaternary' uplift has' 
averaged lest ,than 0.60 meter (2 feet/ per 1,000 years.- Although no surface 
faults have been identified at the Site; Quaternary faulting may be present ' in 
the vicinity of -the site , st Shay Graben. These faults, howeVeray•be. 
related to salt dissolution rather than tectonism. These faults do not trend 
toward the site, nor have preliminary investigations shown any surface faults 
at the site. No known igneous activity has occurred within the geologic 	• 
setting in the last 2 to 3 million years. No earthquakes have been observed 
within the site, but the historical record of seismicity is limited. The 
Paradox Basin has been classified as a relatively low seismic hazard region. 
However, there is a possibility that the south Shay Graben fault may be 
capable of producing an earthquake larger than any. observed in the geologic 
setting. The geolOgic record does not show that any natural impoundments on. 
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Table 7-7. Guideline-condition findings by major consideration-tectonics (postclosure)" 

:Condition°, 
Davis  Deaf •  Richton ' ''Yucca 
Canyon •  Smith.  Hanford - Dome  Mountain 

Favorable condition 1 

The nature and rates of igneous activity 
and tectonic processes (such as, uplift, 
subsidence, faulting, or folding), if any 
operating within the geologic setting 
during the Quaternary Period would, if 
continued into the future, have less than 
1 chance in 10,000 over the first 10,000 
years after closure of leading to releases of 
radionuclides to the accessible environment. 

Potentially adverse condition 1 

Evidence of active folding, faulting,. 
diapirism, uplift, subsidence, or other 
tectonic processes or igneous activity 
within the geologic setting during the 
Quaternary, Period. 

Potentially adverse condition 2 

Historical earthquakes within the 
geologic setting of such magnitude and 
intensity that, if they recurred, could - 
affect waste containment'or isolation. 

„  - 
Potentially adverse condition 3 ., 

Indications, based on correlations of 
earthquakes with tectonic processes.and 
features, that either the frequency of 
occurrence or the magnitude of earthquakes 
within the geologic setting may increase. 

NP 

Potentially adverse condition 4 

More-frequent occurrences of 
earthquakes or.earthquakes of higher 
Magnitude than are repreientative 
of the region'in which the geologic 
setting is located. 

Potentially adverse condition 5 

.Potentiallor - natural phenomena such as 
landslides, subsidence, or volcanic 
activity of such magnitudes that they 
could create large-scale surface-water 
impoundments that.could - change'the regional - 
ground-water flow.system. 

Potentially adverie Condition 6 

Potential for tectonic deformations—
such 

 
 as uplift,.subsidence, folding, or 

faulting—that could adversely'affect 
the regional groundwater flow system.. 

NP  NP  .  HP  NP  NP 

NP  NP  NP  NP 

NP  NP  NP  NP 

a Key: NP a for the purpose of this comparative evaluation, the favorable or potentially 
adverse condition is not present at the site; P * for the purpose of this comparative evaluation, 
the condition is present at the site.  -  

- 

b  Analyses supporting the entries in this table are presented in Chapter 6 if the 
environmental assessment for each site.  

a All of the conditions in this,table are associated with one major consideration: nature 
and rates of tectonic processes and igneods activity that may affect waste isolation. 
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the 'scale necessary to cause large changes in the regional ground-water-flow 
system occurred-in-the ,  geologic .  setting. .Regional uplift will-not affect - the-- 
physical integrity of the repository. and will be too small to significantly 
modify ground-water4low systems in the next 10,000 years. Reactivation of 
the-basement-faults beneath the-site is possible, but it is-doubtful- that•. 
displacements large enough to propagate these features through the,ductile_ 
rocks of the Paradox Formation would occur in the next 10,000 years. In 
general, tectonic data indicate that the likelihood_of'disruptiVetectoniC:, -  
events is very low and suggest that igneous or tectonic activity at the Davie 
Canyon site could not lead to radionuclide releases'. greater than regulatory:. 
limits after repository closure. 

At the Deaf Smith site, data were collected by reviewin.upubliShed:  
literature and conducting preliminary field surveys. There 'is no evidence of 
igneous activity during the Quaternary Period at the DeafSmith,site.The., 
nearest igneous activity during the Quaternary occurred about 160' kilometers 
(99 miles) west of the site, outside the geologic aetting.HQuaternary 
tectonic processes were probably negligible near the site. :RegiOnal.uplifi:o; 
subsidence is not recognized, but the possibility, that these: processes • 
occurred on a small scale during the Quaternary Period has not been ruled 
out. The site is located in a region of low seismicity.: Quaternary faulting. 
and folding of a tectonic (or seismogenic) nature are not recognized in the 
Palo -  Duro Basin. No large dataging earthquakes have occurred in the geOlOgiO: -  
setting during the period of the historical record:, The,terrainofthe'site:' 
and its vicinity is flat and would not be affected by.naturat phenomenalarge-
enough to cause large-scale surface-water impoundments. Small amounts of 
uplift or subsidence are not likely to adversely,affect.the.regional 
ground-water flow over the next 10,000 years. Some uncertainty exists because'  
site-specific information on subsurface faulting' hasyet.to'befully 
evaluated. However, the likelihood of disruptive tectonic eventaiffeCting 
any releases of radionuclides after closure is thought to be extremely low.! 

For the Hanford site, preliminary estimates of the rates of tectonic' 
deformation suggest low long-term average rates of strain. - Volcanism in the •! 
Columbia River Basalt Group ceased approximately 6 'million years ago. 
Although Quaternary volcanism has occurred in the western.Columbia.Plateau, 
appears to be more closely related to volcanism in the Cascades. There are 
faults within the Columbia Plateau that are interpreted to have been active 
during the Quaternary Period. Seismic activity has been MonitOred'atilanfotd' -  
sinceA969, but detailed seismic monitoring at the proposed repositoryideOth-:, 
is only beginning. Some of the faults in the geologic:setting.couldbe': 
associated with earthquakes larger than the historical" maximum..  
data do not permit the precise determination of slip and recurrence rates for 
specific faults; however, on the basis of current knowledge,' earthquakea heat --  
the site would be relatively small,• with long recurrence rates, for, larger 
events (a magnitude greater than about 5.5). Earthquakes are not currently 
associated with maPped-geologid structures, nor do - hypocentersiliknin 	' 
manner that suggests unmapped, buried, or steeply'dipping faultaoccUrin,th07, 
Pasco Basin. It does not appear that natural phenomena ortectonio , t, 
deformations-would create large-scale surface-water-impoundments that  would- 
cause significant changei in the regional ground-water-flow system., .  

Although the rate of deformation at Hanford does not appear to be 
significant enough to affeOt the reliaie of radionuclides, there .is 

,•• 
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considerable uncertainty because microearthquake swarms,havebeen.observed in 
the basalt during the past 16 years, though no swarms have occurred recently 
in the basalt at the site. The potential effects of microearthquake swarms on 
system performance (including the ground-water-travel time t  system 
geochemistry, and waste-package integrity) suggeit-that the likelihood of 
tectonic phenomena affecting the site's ability to. isolate waste over the -next 
10,000 years is ,very : , 

At the Richton site, the evidence from the,geologicsetting suggests that 
no igneous activity and only minor tectonic activity occurred-during the 
Quaternary Period. : The principal.active , tectonic process during the 	t  
Quaternary Periodjs regional uplift. Diapirism does not appear to have : - 
occurred at.the Richton Dome. There has been no igneous activity inor:near 
the Mississippi salt basin since the OretaceousJ'eriod-(about 60.million years - . 
ago). Therejs no evidence,. of Quaternary seismogenic fault, movement In :the_ 
geologic setting, : and the_infrequent seismic, activity. that doesoccur  
in magnitude. :The nearest known earthquake epicenter is 75 kilometers 145 
miles)-away. .The'region . has no large surface-water impoundments fromtectonic 
or igneous processes. - Projections of uplift..based on Quaternarydataauggest 
that its:rates are_too low (0.01 .  meter per,1,000.years) to adversely affect. 
the regional ground-Water-flow system during the next 10,000 years. On the 
basis of the Quaternary record, future tectonic processes and events are not 
likely.  to be'disruptive,and•the-likelihood of disruptive tectonicevents is 
very low. 

.Much of the background data for the evaluation oftectonic:activity at 
Yucca Mountain ihas been developed through many years::of study related to 
nuclear weapons testing at the.NevadaTest Site.,.:The . assessment•of future 
tectonic processesis . unceriainsnd.difficult for' ucca Mountain. There is 
evidence that volcanism and faulting occurred -An the vicinityfof:--thesite 
during the Quaternary Period. In addition t .theseismicitY.Of the region is 
not understood well enough to rule out the possibility of large earthquakes 
(magnitude,of 7 : or greater). occurring in the region after:closure..According 
to'previouSly published estimates of recurrence intervals,,regional,return 
periods for earthquakes with asiagnitude ofj ! or greater fare. probably:onthe-._ 
order of,25,000 7years.,.At present, a preliminary.conclusion:could be made 
that the north-trending faultsst - the.site should be considere&potentially_ 
active, even though the.absence.of.fault scarps and the low level of .seismic 
activity suggests they-are not active. Theleologic setting• 	Mountain ,  

is not yet well,enough•understooditopreclude the.possibility-ofifuturey:-- 
earthquakesjarger.than those that have occurredator.nearlthe 

_7 

The formation of large-scale surface-water impoundments by natural 
phenomena like landslides, subsidence, or volcanic 'activity is not likely in 
the area of Yucca Mountain. There. is also a very small potential for tectonic 
deformation at the site of a magnitude that would •affect-the regional: 
ground-water flow. On the basis of available information, it appears unlikely 
that volcanic •events or futuretectonic processes•and-events;would,adversely 
affect the containment and isolation_ apabilities of.therepositoryoalthough, 
numerical probabilities,havernot,been determined.formost processes....This:- 
conclusion is :based on the moderate (although uncertain) probabilities 
tectonic events, the likelihood that the ground-water travel time is long and 
the flux is low, the selection of waste-emplacement areas away from 
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recognizable fault zones, - the structural integrity of - the'waste package 7410' .  
the geochemicil characteristics of the site. 

Summary of comparative evaluation 

The, Most ; favorable sites witif,respect -  to theipostclosure'tectOnici - 
guideline are Davis Canyon, Deaf Smith, and Richton. Although' the DaVia '' 
Canyon site appears to have a higher rate of tectonic activity near the site 
(as indicated:by potential Quaternary faUlting), therejs a -  verylow 
likelihood that tectonic ementScauld lead [ tO releasei at any of' these sites, 
and none show evideice7 of igneous" activitfln the geologic setting.-  AdtiVe' 
faulting mayal -so be present in-  the geologiosetting of ' DaVi“anyon, - but - td' 
surface faults have been identified at the tite, 'i and seismic and geologic-
evidence quilitatiVely suggests ':  that 	region will bestableOver the ' lOng 
term. ' - The:available T data - suggest-  that . there'iS-verkAittle :  likelihood • of  
disruptive tectonic'  or ignedui'dvents -  during the ' next'10,000 yearsTat all 
three sites.; Both'ihe: Deaf Smith' and the Richton 'sites . have - experienced ' no - 

igneous activity and - itsignificant - tettonid Attivity during' the Quaternary '  
Period. .:There are-- no known Quaternary teismogenic ' faults in either geolOgie 
setting,'ind the level of seismicity at'both sites appeari to be very low. 

Hanford is - slightly less=- favorable' than'thesalt ' Sitesfor this .- 
guideline There is'someevidence that deforMation - isoccurring within the: 
basalts at Hanford, but the pattern of deformation qualitatively matches the 
pattern of known seismicity, suggesting that earthquakes and rupture planes 
would be relatively:small"and recurrence times generally long. There -" is some 
uncertainty becaUse miercearthquakeswarmsyinthebasaltS have been observed 
during the4istA6'years.HIn addition, no microearthquakeS - (nonswarM) .  hive 
been observed-withinthe repository site-at the depth of the basalts. ' 'The 
likelihood-of tectonic " phenomena affecting the ability of the site tOA:Solit• 
waste over the next 10,000'years is very lOW. 

Yucca Mountain iS:lessi favorable than the other'sites. Quaternary faults 
are present within 1 to , VkiloMeters of the - site. -  Their effeOts'on the '  
potential for ' ground motion and on ground-Water flow need to be assessed. The 
likelihood of volcanism may be high enough for voldanistAto be cOnsidered : in-   
performance asSessmentHowever, the:effects of - igneous and . teetonid activity 
on system ' performance (qialifying , condition)4t Yucca Mbuntaiii are not 
expected 	lead-td - radionutlide:releases greater - than thOse2allowed ' by' 
regulation.' -This'asseisMentaccounts-for ground-water flux , ind travel time, 
waste emplacement away-from recognizedlault -zonei,' the'StructuralAntegrity 
of the waste package, and the geochemical characteristics of the site. 

7.2.1.8 Human , interference 

The-potential for human interferenceafterthe closure of , the 'repoSitory -
requires an'. analysis of(l) ' the natUralresOurces! at'or near a site, - 
addressing historical, current,lamiluture exploration for„ , in&Osea of these '' 9  
resourceand.(2) Site ownership and:control. - Evaluations of these two ''''  
separate technitalguidelines are provided below. '  



- . 
7.2.1.8:1 Natural resources 

The qualifying conditionlornaturalresources is as follows: 

	 This_site.shall f.belocated such.that--considering permanent 
markers and records and reasonable projections of value,-
scarcity, -and techriolOgY-4the.naturalJresources, inCludifig 
ground water suitable for crop irrigation or human consumption 
without treatment, present at or near the site will not 
likely to give. rise to:interference activities that would lead 
to radionuclide releases greater than those allowable : under the' 
requirements specified in"1960.4-1. 

Major considerations  
• 	. 	! 	: 

On the.basis of the qualifying, favorable, and potentially adverie 
conditions for this guideline (see Table 7-8), three majoriconSiderations :are 
identified that influence the favorability of the sites. ';In:dedreasinerorder ,  
of importance, they are (1) evidence of subsurface mining, resource 
extraction t an&drilling:suffiCient ta'affectcontainthentand 'isolation; (2) 
potential for foreseeable huMan'aCtivities thatcould affect containment and 
isolation; and (3) potential for postclosure intrusionforresource. 	:H 
extraction... Although the major considerations are listed in decreasing order 
of'importance, the differenCes in their. importance are small, particularly 
between the second and the third considerations.• 

Evaluation of the sites in terms of the major considerations  

Evidence ofsubsurface mining, resource extraction, and drilling  
sufficient to affect containment and isolation.  This consideration assesses ; .; 
the potential effects on waste containment and isolation of existing mines and 
drillholes 	!Cantributing factors InClude the presence of 
active and closed mines as well -as'evidence of deep drilling and related 
resource extraction.. This consideration is derived from the second and the , 
third potentially adverse condition and is the most importantmajor_ 
conaideration because existing mines'or drill holes could*t:s.SpathWays for 
radionuclide migration to the accessible environment„ ,4 summary of. the:-; 
evaluation for each site follows. 

At the Davis Canyon site, existing uranium mines extend to aAmaximumi. 
depth of 11 meters (35 feet) and are restricted to the Chinle :Formation, which 
has been eroded from most of the repoiitory OperatiOns:areaThesi existing
excavations are not thought to be extensive enoughApr•deep enough.toAffect 
the repository. No drilling is known to have occurred withinthe:site::L7he 
nearest hydrocarbon-exploration borehole of appreciable depth - is-6 kilOtheteri' 
(5 miles) from the boundary of the repository operations area. 

There is no subsurface mining at the Deaf Smith site: There are no known 
wells that penetrate below the Ogallala aquifer and no known 
hydrocarbon-exploration. holes at the site. Deep drilling at the site is 
unlikely to .have occurred . in the past. 

-r  
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NP 
	

NP 	NP 	NP 	NP 

NP 	NP
.

NP
. 

 NP 

MAJOR CONSIDERATION 3: 

Favorable condition 1 

No known natural resources that have, 
or are projected to have in" the .   
foreseeable future a value great - 
enough to be considered a commercially 
extractable resource. 

Favorable condition 2 

troilOd riaiii-irtth .  10,000 parts per 
million or- more of total dissolved 
solids along any path of likely radio 
nuclide travel from.the host rock 
the accessible environment. 

POTENTIAL FOR POSTCLOSURE INTRUSION 
TO EXTRACT, RESOURCES 

NP 

Table 7-8. Guideline-condition findings by major consideration—natural resources• 

Condition 
Davi 	'Deaf s 	Richton 	 Yucca 
Canyon 	Hanford 	Dome Smith 	Mountain 

. 	, 

MAJOR CONSIDERATION 1: EVIDENCE OF SUBSURFACE MINING, RESOURCE EXTRACTION,' 
AND-DRILLINGrSUFFICIENtTO AFFECT CONTAINMENT ANDJSOLATION 

Potentially adverse condition 2 

Evidence of subsurface mining or 
extraction for resources, within 
the site if it could affect waste 
containment or isolation. 

Potentially adverse condition 3 

Evidence of drilling within the 
site for any pUrpose other than: 
repository-site.evaluation to a 
depth sufficient to affect waste 
containment and isolation. .] ' 

MAJOR CONSIDERATION 2: POTENTIAL FOR FORESEEABLE HUMAN ACTIVITIES 
SUFFICIENT TO AFFECT CONTAINMENT AND ISOLATION 

Potentially adverse condition 5 - 

Potential for foreseeable human 
activities such•as ground-water 
withdrawal, extensive irrigation, 
sub-surface injection of fluids, 
underground pumped storage, military 
activities, or the constructionof 
large-scale surface-water impoundments—
that could adversely change portions of 
the ground-water flow system important 
to waste isolation. 
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Condition 

	

Davis 	Deaf 
	

Richton 	Yucca 

	

Canyon 	Smith 	Hanford 	Dome 	Mountain 

. Table. 7-8. .Guideline7condition,findings by major. consideration—natural 
resources•lcontinued) 

MAJOR CONSIDERATION 3: POTENTIAL FOR POSTCLOSURE INTRUSION 
TO EXTRACT RESOURCES (Continued) 

Potentially adverse condition I 

Indications:that the site contains 
naturally occurring mateiials, whether 
or not actually, identified-in such -form 
that (i) economic extraction is potentially 
feasible during the foreseeable future 
or (ii) such materials have a greater 
gross value, net value, or commercial 
potential than the average for other 
areas of similar size that are repre-
sentative of, and located in the.

-  geologic setting. 	, 

Potentially adverse conditioO 

Evidence of a significant conien-
tration of any naturally occurring 
material that is not widely available 
from other sources. 1 

• Key: :NP = for the purpose of this comparative evaluation, the - favorable or potentially 
adverse condition is not present at the site;,1 2  =:for the purpose of thit comparative evaluation; 
the condition is present at the site. 

b  Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for'each site. 
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Curreni - end'past .miningJOrextractioWaktivities -in - the area'of the 
Hanford site include some quarrying fot sand and gravel as well as a small 
natural_ gas field, that ended production. in 1941. _The quarries_are excavated_ 
pitsthat aregenerally less,,than 18,meters (60 feet) deep. The gas field was 
locited apPrOXimately.,11 kilometers sOUih of the site. No other current or 
past production of. hydrocarbons.has been reported..within 100_kilometers of the 
larger Hanford Site. Recenthydrocarbon exploration in the Columbia Plateau 
has been focused On - the.sedirimOiry:sequencebeneith the beialt; wells drilled 
to date have been noncommercial, but some natural gas has been recovered. 
Although methane has been found as dissolved gas in groUnd . water from'the 
Grande Ronde Formation beneath the site, the hydrocarbon_petential for.this, 
area is speculative at best. Boreholes drilled nearIhe'site forpurposes 
other than repository-site evaluation are significantly;  ShaIloWer'than'the' 
candidate repository horizon and would not affectwaste containment,: or 
isolation.. 

At the Richton .site, there is no evidence Of_boreholeashafts,:or other. 
excavations that penetrate the. repository horizon within , the'saltdome. . Eight  
mineral-exploration boreholes have been drilled into salt with a maximum 
reported penetration of 6.4 meters (21 . feet).. Within 10 kilometers (6.2- 
miles) of the dome, 34 sulfur-exploration wells and 32 petroleum-exploration 
well's have been drilled. Thevwater wells within. the .  Areeare:shallOw (less 
than 366 meters (1,200 feet)) and are drilled into the upper' aquifer. ,The _ 
closest fluid-injection wells are at least 4.8 kilometers (3 miles) from - the 
flank of-the dome.. Waste containment, and isolation are not expected to be 
significantlyaffected,by . the preSence"of shallow boreholes or : the potential 
for increased dissolution associated with the-petroleum-eXploratiOn wells.on 
the sloping flank .of the dome, 

There has been no subsurface mining or extraction of resources at Yucca' 
Mountain.. There.is little likelihood that unknown excavations exist at the 
site other than shallow prospecting.pits. Before the repository 
investigations began, one borehole had been drilled 7 kilometers (4 miles) 
southeast of the site (water well J-13), and another had been drilled 
approximately 15 kilometers (9 miles) to the northeast (water well J-12). 
There has been no drilling at Yucca Mountain for purposes other than 
repository-site evaluation. 

Potential for-foreseeable human activities that could affect containment  
and isolation.  Factors contributing to this consideration include the 
potential for ground-water withdrawal, irrigation, the injection of fluids, 
underground pumped storage, and large-scale surface-water.  impoundMents. 
Changes to the site's ground7water system can,directly affect the releases of 
radionuclides to the accessible environment. This consideration is derived 
from the fifth potentially adverse condition and is the second most important 
major consideration. Changes to the site's ground-water system can directly 
affect the releases of radionuclides to the accessible environment. This 
consideration is not as important as the first major consideration because it 
is based on projected-, more speculative human activities that may affect 
isolation, whereas .the first consideration is based on existing evidence of 
resources that could affect isolatiOn. 
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In assessing: the; 	of, Tostclosure.intrusion, the DOE:will, 
consider the estimatedeffectiveness0 ; the permanent markers,and.xecords 
required by NRC regulationi in 10 CFR•Part 60. . Human.-intrusion events are 
considered to be credible only if.itis.assumed that the monuments. provided 
for ,inthe , NRC regulations arepermanent enough to serve their intended 
purpose. Thus,,in'evaluating thiLmajor,consideration, , the environmental 
assessments hayequalitatively considered the effectiveness of-markers and_ 
records in reducing the likelihood : of.human intrusion-, in the Controlled-area. 
A summary of the evaluation for-each-site follows.- 

Because of. limited potable water, and resources : within and near the,Davie: 
Canyon site, the potential for foreseeable human activities to adversely ,  
affect the ground-water-flow system is expected to be very low._ 

,Atthe Deaf Smith-site, goodquality,ground water.thatJs suitable for -
irrigation and domestic-use,is drawn entirely,from the Ogallala aquifer. The 
ongoinudepletion:of the Ogallala:aquifer will not reverse thedownward flow 
potential at the. site.,- The potential:for.the:subsurface•injectionof - fluids ,  
is considered.to::be-lowbecause!of the low:potential for petroleum - development:. :  
in the future. 

At theAlanford_site,7:there 	'potential for:ground-,,water:withdrawal-for 
irrigation. fInsufficientdataareavailableto determine whether such human 
activities could adversely,,change:portioneofthe_groundwaterJlow systemh, 
thatere.important to waste isolation, :However, it isbelieved,thati-even: 
portions of the ground-waste-floor System were to change, there would be no 
significanteffecterLwaste isolation : itself. 

At thellichtonaite, the potential to-adversely affect ,the 
ground-water7-flowsystem is. expected tol)every low. . Potentialliuman , .. 
activities7are.yery,unlikelytoAffect ground-water travel through:thesalt 
stocki!thivincludes , activities that-may change fresh-water , aquifers,:Jhe . 
likelihood of, pumped storage,in , the-controlled area:is also expected tol)e, -  
very low, considering the permanent markers and records. 

Although_ potable. 	water is present at the Yucca:Mountain site,. - 
future generations.are not likely:to. drill for water•rom the:top of Yucca-
Mbuntain,.becauseit'wouldbe:easiertodrill for water in:the Altrzeunding-, 

i. areas.: Becausesolationdepends primarily on the thick unsaturatedeone," 
withdrawal OtNater outsidethe.controlled:area Wouldmot,adversely affect -the 
ground-water;eyatemAimportantto:isolation. .7.1; • 

. 	 7, 	--. 	• 
Potential forivstclosure- intrusion -  to extract resources.: We, 

consideration includes estimates of; and-the,Totential for,,Tostclosure,-: 
intrusion for resource extraction. Contributing factors include the presence 
or indication of resources (including water) at the site, their value, 
scarcity;anddepth,.:asNell.asAheirevailability from .other sources. - : This: 
conditionje :derived7from thelirstand the second favorable conditions and 
the first:and,theJourth potentially. adverse conditions&-, This: consideration 
is third-inJmportance.because the potentiaifor_resources is based on 
speculativeorAmdirectevidence,:.:Wevertheless, this consideration -is 
significantbecause exploration for:a.m.-the extraction of, resources can • 
create,pathwaysJor.radionuclides u:Avach the .  accessible environment. 
summary of the evaluation for each site follows, 
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Uraninin'andlianadium:deposits- are present in thevicinity of the Davie•. 
Canyon sitt4:andSome-prOduction'has'occurred at the site:itself;'howeVer,the -
uranium resources aVthe'site- are believelito be less significant than:those' 
in other4artsof-eoutheastern Utah. :Irnaddition4 commercial-grade 
underground Potash deposits , ara:Present:inthe-vicinity of-the site, but they 
may not be economic becaUse they:are located at excessive depths and are less 
extensive than deposits inotherparts of Utah.::-Sinall:amounts'of-sand,: 
graveland4otable - water have'beernextracted in' the vicinity ofithe 
None of these resources has greatar , potential within the area of the site than 
outside it-. Potential hydrocarbon resources are believed to be significantly 
smaller within the 'site than in - similar areas-outside the site. The 
ground-water - is- of poor quality, with the total dissolved solids exceeding 
10,000 parts per million.:" 

At:theADeaf'Smith site, ground water - is being extraCted-fromthe Ogallala 
aquifer. The use ofthis'water resource does not - pose a threat to the 
long-terM integritydf the repository. -  Ground'water - along the:likely pathways 
of radionuclide travel is not suitable-for human consumption becauie it 
containsdissOlVed-tolids'at concentration exCeeding - 10,000 parts per 
million. The hydrocarbon potential at the site is not considered to be 
significant, but exploration for oil and gas in the - future cannot be 
discounted.- No'othermineratresOurceS.suchas:uranfum-and construction 
aggregates,- ' are present in- unique qUantities at the Site:- The bedded salt may 
be considered a - halite resource. There:are no known concentrations of 
naturally occurring materiali that are not widely available from:other'sourCee.- 

At the Hanford site, there are no known metallic or petroliferous 
resources that have or are projected to have a value great enough to be 
commercially extractable.: However, there are indicatidns that the site 
contains ground-water.resbUrces and natural gas that may be economically-
feasible-toextract- 1n theloreseeable future. - -Although hydrocarbon source 
beds may:ixist- beneath'the-basalt, there is no - evidence to date oUsignificaut 
concentrations of any naturally occurring resources that are unique to the 
site. 

The Richton Dome is the largest of 35 shalloW salt domes in the 
Mississippi•salt basin. Bedause of its size and depth, it is an excellent 
candidateifor underground storage. The purity of the aalt or percent iodiurn 
chloride)::also indicates thatthe dome may be a: candidate for salt extraction 
by solution-mining - or-conventional mining methods. : In comparison-with'other'= 
shallow salt domes, the potential for storage or salt extraction at the '  

Richton Dome is above average because of its large size, even though salt is 
widely availabliafrom other sourcesLand :  the dome's potential use as an 
underground storage facility is' not unique.- Commercial hydrocarbon resources 
are not: known tdekist at the:Richton - Dome. 

Yndca Mountain has:no .  energy- or mineral resources! for whichaxtraction 
feasible in-thaforeseeable'future4 No known resources are present' at' 
Mountain that. have greater commercial potential than those in other areas: in 
its geologic-  setting,'nor is-thereeVidenteof;anksignifiCantcondentration 
of potentially valuablcresourcet at'Yncea MoUntain. Thwmineral-resource ' r 
potential oftheoTucca'MountainsiteAs - donsidered low. -:, The:ground!water -L' 
along likely.flOwpaths of-radionuclide travel'has"less than 104000 parts per 
million of total dissolved solids. ' 
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7.2.1..8.2: Site ownership-and'tontroL-• 

Summary of comparative evaluation 

On the basis of the three major considerations,-Yucca Mountait'is the 
most favorable site;•Davis Canyon, Deaf Smith, and Hanford are tomparable; and 
Richton is the•least favored site. The differences among'the sites, however, 
are small. .This judgment.. is. based on the fact that there is no evidence at 
any of the:sites of subsurface.mining, extraction, or 	sufficient.to 
affect containment or isolation; There is also no evidence at any of the = 
sites.of a significant or unique concentration of any naturally occurring ' 
mineral or energy resources. It is expected that the usetof permanent Markers' 
and records will reduce to very low values the likelihood-of human intrusion 
withinthe controlled area at each of the sites. - 

The likelihood of any resource occurring at the (Yucca Mountain site 
appears to be 'very low. The potential use of the deep aquifer outside the 
controlled area will not affect containment and isolation; . 

The Davis Canyon,the.Deaf . Smith,. And the Hanford Sites are approximately 
equal in favorability on the basis of the speculative potential for 
resources. There is a very small potential for the use of the shallow aquifer 
outside the controlled area at the Hanford:site to'iffect the ,  
ground-water-flow system important to isolation. 

Richtoh DoMe is'the least favorable site hecauseot theSpeculatiie 
potentiaLlor:resources; .  the possibility of undetected•boreholes; knd,the 
potential.forTusing the dome for underground pumped storage. 

The purpose 'of,theipostcloiure guideline on site ownership and control is 
to help enkurethat -the repoeitork can function far into the future:without 
adverse human interference.' Thisguidelineipecifies'thitthe : DOE,, in. 
accordance'with'therequirements of the 10 CFR Part.60,:is . toobtkinOWnership 
of, and surfaceatd'subsurface rightsHto,-land and minerali-within the' 
controlled area of.the repository. - ..A:similar-guideline on.titeoWnership is 
provided for the preclosure period. The purpose of the preclosure guideline 
is to ensure that surface and subsurface activities during repository .  
operation willYnot be -likely to leid to ridionuclide:releatet.greater'ihan 
thoseAlllowed:bYapOlicabIe-regUlitions;.: 

• 
The DOE has deterthinedthat the necessary land:area and eontreliare the 

•same forimth.thepostcloture and'the preeloiure periods at'the'five'nOminated 
sites. Whichever.site is.telectedithe DOE.must.obtain ownership as' well as 
surface and subsurface rights before commencing preclosure -activities; there 
is no basislor ,distinguishing=among the-sites on'their 'site ownership Odi 
control,stitui'at the-beginning:of the postclosure period: .Therefore; all 
sites areconsidered to be equallyHfavorable for 'this  
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7.2.2 POSTCLOSURE SYSTEM GUIDELINE 

The.results of preliminary system-performance assessments are described 
in Section 6.4.2 of each environmental assessment and briefly reviewed here.' 
These preliminary assessments are based on limited geologic, hydrologic; and 
geochemical information, preliminary conceptual models, and relatively simple 
analytical techniques. The DOS is therefore not yet prepared to provide' 
assurance that regulatory criteria will be met at any of the sites.. These 
preliminary assessments do, however, appear adequate for evaluating the. sites 
against the postclosure'system guideline. However, the different approaches 
to the evaluation of performance, the preliminary nature of these assessments, 
and the uncertainties in the parameters on which the analyses are based all` 
limit the ability to compare the sites in the manner required by the 
implementation guidelines for site comparisons that will support the 
recommendation of a site for development as a repository. To provide a 
comparative context for understanding the postclosure system guideline 
evaluation in Chapter 6, a brief discussion of the evaluation of each of the 
sites with respect to each of the capabilities addressed by the guideliie is 
presented below.' 

The guideline addresses the following capabilities of the geologic 
setting at a site: 

1. The capability.: of the geologic setting at the site to allow for the 
physical separation of the waste from the accessible environment 
after closure in.accordance with the, requirements of the EPA standard 
in 40 CFR Part 191, Subpart B, as implemented by 10 CFR Part 60. 

2. The capability of the geologic setting at the site to allow for the 
use of engineered. barriers to ensure:compliance with-the'requirements 
of the EPA and the NRC. • Two requirements are pertinent here: (1) 
the time of substantially,complete.containment (i.e., a period. 
between 300 and 1,000 years); and (2) the:limit on .the• ratelif-
radionuclide:releases,from the engineered-barrier system (i.e.i.one '- 
part411 100,000 per yearof the individual radionuclide inventory or_ - 
one part in 100,000 per year of the-total inventory calculated to be 
present atj,000 years after repository closure, whichever is 

. greater). H 
. 	 . 

Capability for waste isolation. ,  The results of the preliminary '- 	-• 
assessments indicate that the EPA standards would.be met at all of the sites. 
For example, the mean time of ground-water travel from the repository to the 
accessible : environment is expected to be much longer-than 10,000 years' at each 
site. 0nthis:.basialone, there is little likelihood of any release for 
10,000 years or, more specifically, : of exceeding .the EPA standard for.' 
cumulative releases during, this, period. . • In. fact;the results of. the. 	- 
calculations for.the preliminary:assessments indicate that releases areAikely 
to be negligible for much more than 10,000, years at each site.' Similarly, 
calculations of ground-water quality indicate that the , EPA's ground-water-- 
protection and individual-protection requirements will be met at each of the 
sites. For the Hanford site, the calculations show to a high level of • 
confidence that less than 50 curies of iodine-129 and carbon-14--and no other 
radionuclides--would be released to the accessible environment. in 100'000 
years. The calculations for Yucca Mountain indicate that less than 100 curies 
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of technetium-99 and.neiligible quantities.of:any other:radionuclide;could be: 
released 4n 100,000 years. The analyses for the salt sites show no release in 
100,000 ;  years; expected repository conditions. a. 

Because of the different characteristics of,each-of,thesites,:different 
approaches to-the performance analyses and varying levels of. conservatism have: 
been used for each site . For example, the constraint.on,release due to the 
slow degradation of . the,waste form was not taken into account,in_the.analysis 
of the Hanford site. The,analysis of the Yucca Mountain site does not 
consider,the spatial distribution of waste packages Abroughout the :repository, 
but assumes that the release occurs from a single nlocation in.the.host rock. 
Transport and retardatiOn in, the saturated zone are not considered in these; - - 
analyses as well. The margin of conservatism resulting from such assumptions 
in each case is not known at present. However, it is believed to be 
sufficient tocompensate for the uncertainties in the site data. The 
preliminary.performance assessments do not provide evidence to support a 
finding that any of the sites would not adequately isolate tho.waste from the 7: 
accessible environment. 	H , 	_ • 

• 	 • 	 • 	. 	, 	_ 
Requirements for engineered-barrier performance.  Preliminary assessments ,  

of the engineered-barrier system:indicate that this system would meet the.  
regulatory performance..objectives at all sites. Forexample,:the analyses of 
waste-package • perforiance indicate that the container,lifetime isexpected to 
exceed the 1007 to 1,000-year requirement for substantially complete 
containment at each site.. The expected container lifetime for thejlanford 
site exceeds 6,000 years. The analysis of the container under the conditions 
of the Yucca Mountain site gives a lower bound estimate of 3,000 years and an 
expected lifetime of 30,000 years. At the salt sites, the lifetime of the 
container is calculatedto -be:even longer;, because it is expected that: 
sufficient water will not be available to cause corrosion failure of the waste 
package. 

- 	• 	. 	r 	• 	 J 

For each site, the :calculations of the rate : of;  adionuclide : release after 
the failure of-the,:waste package suggest that the criterion for the rate.of7- 
release from theengineered-barrier-system.would.not be exceeded.- At the.•- 
Hanford site, the release rate for most radionuclides would be well below the 
regulatory criterion because of the diffusion-limited transport and the 
limited solubility of these radionuclides in the ground water at the site. 
For the few radionuclides that are highly soluble, the calculated release 
rates are less than 4 percent of the release-rate limit.:  

Without taking into account the solubility of the radionuclides, 
themselves, the fractional release rate calculated for the YuCca'Mountain site 
is 2.5x :07! per_year,well,below,the limit of .1.x 1075,per year, because 
of the low Cate,expectedfor twaste-form dissolution. :At theealteites, 
it is expected that the yastemackages, will:,last indefinitely, the rate of 	-•.   
radionuclide release from theengineered-barrier systemhis expected:to. be - 

Extremely conservative assumptions were used ,innaking these estimates. 7 
For example, in all cases the calculations are for releases from the waste 
package, which is expected to provide an upper bound to the release from the 
total engineered-barrier system. In addition, any containment offered by the 
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spent-fuelcladding was:not taken into aCCount , in , rany 'of the AnalYseS.:In - the 
analysis:OfIthe salt sites and of thellanford'site, the slow diesolutionof ,  
the waste.form, which can limit the rate of'radionucliderelease was'Adt' 
taken into account. In the analyses of the salt sites and of the Yucca 
Moudtaineitet'it wagassumed 'that all pickages fail simultaneously. ''Again, 
the:degree:of conservatism provided- by these assumptions is not koown At'h' 
present.--  llowever,the analyses'appear to be sufficient to indiCate that'there 
is no evidence that the 	for the waste packageend -Other 
engineered barriers wOuld'notbe met:at each of the nominated sites. 
FurtherMore, the available-data-and thepreliminary - analYses baied on these: 
data havellot.identified.aOy -ionditione.Or'featUres at any of-'the siteS-that 
would prevent theseengineered'CompoOents ftoM meetinfthe 'performance-
requirements. 

The different approaches to , the - eValOatiOn of perfOrmanCe; , the 
preliminary nature of these' assessments, and the uncertainties in the 
parameters - On which the analyies:are:based'alllimit:theability to'coMpSre 
the sites in terms of these results. In each case the analYseS'Are very 
simple. The interactions of the various factors that determine subsystem and 
systemYperfOrmance-arenot yet known. Finally,.Tthe analyses - that- can be 
conductedatpresent ere - toosiMPle!tO - address the full rafige - Of:Uncertainties 
that:shouldbe-addiessed itiorder to provide an adequate comparison of.-the".
sites . 

	- ' 
 because:of the.preliminarynaturel:Of these Performance 

assessments,, it does notappear that a'cOmparison betweedrand among the sites , . 
on the basis of the pOstclosUre system guideline is:Practicable at present:': 

7.3 COMPARISON OF. SITES ON THE BASIS OF•PRECLOSURE GUIDELINES 

The preclosure guidelines address (1) preclosure radiological safety; (2)'. 
the environmental, socioeconomic, and transportation-related impacts . 
associated-with , repository'sititg, construCtidn,':Operaiidn, and closure; and 
(3) the easeand:cost of repository siting,' construction, OperatiOn,rand -- 
closure. Both technical and system guidelines are provided for each of' theie' 
three categories. 

7.3.1 PRECLOSURE RADIOLOGICAL SAFETY 

7.3.1.1 Technical' guidelines  

There' - are fourtechnical' guidelines on preClOture radiological` 
 and distribution, (2)'SitiOWnerShip'indontrO4'(3) 1 ' 

meteorology, and-(4) °Hafts installations _ and op-station -4'. Thi - Objectiva:Of 
these guidelines-is to protect the health and safetyof- the'puhliC and the 
workers at the repository by keeping exposures to radiation within the limits' 
prescribed by regulations. This section presents a comparative evaluation of 
the five tomihated;sites.against thete-guiddlines - ' 	- 



7.3.1.1.1 Population density and diStribution 

The.qualifying condition. for. population. densityand distribution:is.as_ 
follows: 

• 
The site shall belocated_such that, during. repository. 

operation and closure,,(1), the expected,average,radiation dose to 
members of the public Within any highly populated area will not be 
likely to exceed a small fraction of the limits allowable under the' ,  
requirements specified in f960.571(a)(1), and (2) the expected. 
radiation dose to any member of the public in an unrestricted area 
will not be likely to exceed the limit allowable under the 
requirements specified in S960.5-1(a)(1). 

Major considerations  

On the basis of the qualifying, favorable, potentially adVerse and 
disqualifying conditions for this guideline (Table 7-9), two major 
considerations are identified'ihat influence - the-favor/ability of the sites 
with respect to population density and distribution. These major 
considerations are (1) remoteness of the site from highly populated areas and 
(2) 'the. population density at the site, near the site, and Wthe4ener$1, 
region of the site. These major considerations are of equal importance and 
are in turn influenced by several more-specific contributing factors. which • 
are, discussed below.,„ 

Evaluation of the sites in terms of the major considerations  

Remoteness..  .The remoteness.ofa site is measured by its distance from 
highly populated areas of 2,500 people or more, or from an'areawith . 1,000 or 
more'petsbnt',withinj'*qUare mile. This major'considerationis'derive&froMH' 
the second favorable condition and the seconA:potentially adverse' :condition 
(see Table 7-9). It relates to the qualifying condition in that the potential 
for radiation exposure increases with proximity to population concentrations. 
The second favorable condition refers to the remoteness of the site from 
highly populated areas, and the second potentially adverse condition addresses 
the proximity of the site to populated areas and areas with at least 1,000 
individuals in an area that is .  1 mile by 1 mile. The two contributing factors 
related to this major consideration are (1) the air distaice of the site from 
population concentrations and (2) the size of those concentrations. 
Specifically, the closer a site is to highly populated areas, and the larger 
such population concentrations are, the less favorable is the site. A summary 
of the evaluation for each site follows. 

The immediate vicinity of the Davis Canyon site contains no highly 
populated areas. Moab, with a population of 5,333, is the closest and is 
approximately 33 miles from the boundary of the controlled area. Moab is also 
the nearest 1-square mile area with a population of at least 1,000 persons. 

The Deaf Smith County site is approximately 17 miles - northof Hereford, 
with a population of 15,853. Hereford is also the nearest area with at least 
1,000 persons in a 1-square-mile area. 
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• 

Condition 
Davis 
Canyon 

Deaf 
Smith 

Richton 
Hanford 	Dome 

HA 
Yucca 

Mountain 

MAJOR CONSIDERATION 1: REMOTENESS FROM HIGHLY POPULATED AREA 

Favorable condition .2 I- 

Remoteness of the site from 
highly populated areas. 

Potentially adverse condition 2 

Proximity of the site to highly 
populated areas, or to areas having at 
least 1,000 individuals in an area 1 mile 
by 1 mile as defined , by the most recent 
decennial count of the-U.S. census:' 

_ 	• 
MAJOR CONSIDERATION 2:• POPULATION DENSITY 

Favorable condition 1 

A low population density in the 
general region of the site.' 

Potentially adverse.conditioWL1 . 

High residential, seasonal, or 
daytime population density within 
the projected site boundaries: 

NP 
	

NP 
	

NP 
	

NP 

• 1 

0 	821 

Table 7-9. Guideline—condition findings by major consideration—. 
population density and distribution'• 

a'kei: NA:* not applicable; NP 2 for the Ourpose'of this comparative evaluatiOn, the 
favorable or potentially adverse condition,is'agi present at thcsite; P * for the purpose of 
this comparative.evaluation, the.favorable or potentially adverse condition is present at.th e site. 

b'Analyses Supporting'thientriel. in this table are preiented'in Chapter . 6 nf.the 
environmental assessMent - for each site. - 's 



F: 1) I1 r. j1:8 .21 

At-the Hanford:site, Sunnysideis.the.nearest:.highly populated area. It 
has a.population.of,9,229AndAs approximately 15 miles southwest of:the 
site. :Sunnyside As also the,closest 1-square4mile,areawitka . population o 
at least, 1,000. 

At the Richton site, the town of Richton,. with a population'of 1.,205 
within,a 1. square mile,is:adjacint to the TTopoOed boundary,of the controlled 
area. However, the town is 2 :miles.-from the proposed boundaryof.the surface 
facilities of the repositoryTheinearest highly populated :area:is 
Petal/Hattiesburg witha.population of 49,300; it is25 kilometers, ;  rom the 
boundary;of.the,site. 

The Yucca Mountain site As remote from highly populated areas or 
1-square-mile areas with a population of at least,1,000. .Las Vegas Valley, 
the nearest highly populated area, is at a distance of approximately 85 miles. 

Population density.  Population density is evaluated for each site on the 
basis of density within the projected site boundaries, near the site, and in 
the general region of the 	For.this.analysis, ”neartheaite" is.defined 
as being within 10 miles of the site. and 	the general region! as being 
within50.miles.,T This major consideration is derived from the first favorable 
condition 'and fthe first potentially adverse condition -(see Table 1-9)... It 
relates to the qualifying. condition inthat-a larger number of people :are_ 
potentially .exposed'to, radioactive releateaas:the poPulatiOndensity iin - .the 
region of ya site:Ancreases. :.  The first favorable condition is a low population 
density in the general regiOn of the site, and the first potentially adverse 
condition addresses high residential, seasonal, or daytime pOpulation density 
within :the projected : site boundaries. 

In the evaluation of this major consideration t a.'”lowpopulation density"- 
is defined 8.0. being less than the everageTopplationtensity 7)ofthe contiguous 
UnitetHtates'in 1980, or .76 persons per square mile.. This .  major ;  
consideration is. also closely related to the:third disqualifying condition for 
this guideline, which As related to emergency planning. 
population tensity .  near the : site increases, a more extensive 	, 
emergency-preparedness,plan : isrequired, since - proteCtie measures would have 
to be taken on behalf ora laiger number of people in the event of an.• 
accident. As the density on the site, near the site, and within the general 
region of the site increases, the favorability of the site decreases. A 
summary of the site evaluation for this consideration follows. The' 
site-specific information used:in.the-evaluation is. summarised from Section 
6.2.1.2 of the environmental assessments for . the five nominated sites. 

There is no residential. or. 	poOulation.within the projected, .._ 
boundaries,of the Davis Canyon site. The daytime population is limited:to an- ,  
estimated peak of seven.offroat=yehicle users.: The onsite.population4lensitY. 
is therefore farbelow.-thenational average. About. 282; people are estimated, 
to live within 10 : mile4 of -L; thesite.: -  The population tensityjn the general . 
region isAlsn-far belowithe :national average, at 3.8 persont;Ter.square : mile. : .- 

	

The Deaf:Smitkpounty site . is estimated, to, 	its 
boundaries. The seasonal population .density at the site.is aboutseven !. 
persons per square mile assuming that the : 10,440 migrant workers .whowere,in 

	

• . 	 ' 
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DeaUSmithCouUty - in_1975 are evenly -diatribUted throughout. the county. The 
combined reSidential,'SedsOnal, and daytime population density within the site - 
boundary 	Approximately 10"petsonspetsquare mile. The population within 
10 miles of the site is estimated to be 1,739. .The population denSity-in'the 
general region of the site is 24 persons per square mile. 

Although there are:nOresidenCeSfor seasonal poPulation'at the Hanford 
site,'Approximately 700 'persons'work within the site boundary at any given 
time, which is equivalent-id a'population -density'of 39 perSons per square  
mile. In addition, 41800 perSOns are employed in nuclear energy jobs in the 
vicinity of the site. (However, because these workers receive training in -
safety and evacuation procedures, they are better prepared than the general 
public to respond to tadiolOgical'hizardt0 There are approximately 110 
people within 10milesof the site. The population density in the general 
region of the site is 43 petsons per equare mile. Fedeial ownership of the 
Hanford site reduces the uncertainty associated with future population growth 
in the area... 

The residential. population Withid the propOSed controlled area of the 
Richton site IS abdut 140 people, assuming that there are 50 households with 
an average size Of2A pertoas. HoWeVer, theta are no residences within the -- 
proposed restricted area -Seasohal "population fluctuations are expected to be 
minimal. The , daytimepopulation-May vary by-100 becausea school is located 
in the soUtheasrportiod of the area of the RichtdaMome: The population 
within 10 miles is approximateIT4,610.; The population 'density -in the general 
region is -40 persons per. AqUare mile.- 

There are no residences within 6.2 miles of the Yucca Mountain site and 
no seasonal or daytime populations .  within the site boundaries. About 5,200 , 
workers are employeilat - the Nevada Test:Site, but most of their activities are 
conducted on the OppoSite:Aide-Of.thieNevada Test Site.-;Because:oUtheit 
experience with nuclear research and' testing, workers at the Nevada Test Site 
are better Prepared theiv,members of the'general public' to-deal -  with 
radiological hazards. -'The popUlatitufdensitritithe:general region of the 
site is approximately 2.5 people persquare mile-. Federal ownership of the 
site and'the surrounding area tedUcesthe uncertainty of - population growth • 
near the site. 

Summary of-the , comoarative evaluation 

Yucca - Mountain isHthe'mostfavorible site for-both major considerationi. -  
There are no highly populated areas within 50 miles of the site, and the 
regional population density is the lowest of all the sites. In addition, 
there is no iesidential Oi4easonalpopulation on or near the - site. Davis 
Canyon , isless fivorablejbecadse it'iS - 33Hmiles from' the highly' populated area 
 Moab, which-haala pOpUlatidt'of 5,333';' Nonethelese,:the'siteis remote in 

comparisOn'irith the remainingsites: The populitiOU'denaity in-the_ 	ig 
also very low=-288 people are ldeited:Within10 MileS of the site: The 
Hanfontsite 	miles:frOM - SUnayside1which his a'population Of 9,229. The 
population density in the region is 43 persons per:square mile. These two 
factorsieduce the:fa4Orability'd theYSite..-There are only 110 i redidents 
within 10 miles-of the Hanford gite,:aad'theY41800 nuclear'energY workers in 
the vicinity of tWsiteate better` prepared than other memberd of the general - 
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public to deal with radiological hazards. :The Deaf Smith site is 17 miles 
from Hereford, which has aPOpulation of 15,853: The population density in 
the region is 24 persons,per'square mile,-and.1,739 People live_wMin 10_ 
miles of the site. The Richton site is proximate to the town of Richton, and 
4,610peoplClive within 10 miles. The population density in the region .is 40 
persons per.square mile, Since there are 140,people and a. School within the 
controlled area, and the highly populated area of Petal and Hattiesburg with a_ 
population of 49,300 is 16 miles away, the Richton Dome is the least 'favorable 
site for this guideline. 

7.3.1.1.2 Site ownership and control 

The qualifying condition for site ownership and control is as follows: 

The site shall be located on land for which the DOE can obtain; 
in - accordance withthe requirements of 10 CFR 60.121, ownership;' 
surface inesubsurface. rights, and control of access that are 
required in orderthatiOrface and subsurface ActiVitie0iuring 
repository operation and closure will not be,likely to lead to 
radionuclide releases to an unrestricted area greater - than those 
allowable` under the reqUirementi specified'in 6960.5-1(a)(0. 

Major consideration 

On the basis of the qualifying, favorable, and potentially adverse 
conditions of this guideline (Table 7-10), one major consideration is 
identified that influences the favorability with respect to the qualifying 
condition. It refers to the kinds.of procedures that are available for 
acquiring land. The major consideration is, in turn, influenced by two 
contributing factors. 

Evaluation of the sites in terms of to the major consideration 

The single major consideration for this guideline is the complexity of 
procedures for acquiring the needed land. This consideration is derived from 
the favorable condition and the potentially adverse condition (see Table 
7-10). The favorable condition addresses whether the DOE has present 
ownership and control of the site. The potentially adverse condition 
identifies three means of acquiring land: voluntary purchase-sell, 
condemnation, and undisputed agency-to-agency transfer. If the DOE is unable 
to acquire land through one of these means, Congressional action will be 
required. Each of these land-acquisition mechanisms involves different legal 
procedures. 

There are two ways the DOE can acquire pri4ate or State land: voluntary 
purchase-sell and condemnation. Voluntary purchase-sell means that a 
landowner voluntarily sells his land to the DOE under the provisions of the 
Uniform Relocation Assistance and Real Property Acquisition Act of 1970. If a 
landowner is not willing to sell needed property, the DOE can acquire it by 
right of eminent domain, or tondemnation, under the provisions of the 
Declaration of Taking Act (40 USC Section 258a). The DOE estimates that about 
90 days would be required to condemn privately owned land. 
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Table 7-10. Guideline–condition findings by major consideration— 
site ownership and Control, (preclosuro••• 

Condiiionc 
Davis  Deaf 

Cahyon  Smith 

 

.  Richton_  Yucca, 

 

Hanford  Dome  Mountain 

Favorable condition ,  

Present ownership and control of land  NP  NP 
 

NP  NP 
and all surface and subsurface mineral 
and water rights by the DOE. 

Potentially adverse condition 

Projected land–ownership confliCts that 
cannot be successfully resolved through 
voluntary purchase–sell agreements,. 
nondisputed agency–to–agency transfers of 
title, or Federal condemnation.proceedings„ 

NP  NP NP 

< 	 . 	 • 

• Key: NA = not applicable; NP *.for the purpose of this comparative eval 
favorable or potentially adverse condition is n21 present at the site; P = for 
this comparative evaluation; 'the e  favorable Or potentially adyerso condition is 

b  Analyses supporting the entries in this table are presented-in Chapter 6 
environmental assessment for each site. - 

• Both conditions.in this table are related to one.major consideration: -c 
procedures for acquiring needed land. 

uation, the 
,the purpose of 
present at the site. 
of.the: 

omplexity of 
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There are two ways that the:DOE can obtain jurisdictiOnover,lands that 
arecuriently-conti011ed by ;'another Federal agency: igenek-to-agencytransfers 
and legislatiVe trinifer by Congress. TheDOE:Can acquire land frOm another 
Federal agency for up - to 20 years under -the proViSiOnsiOfthe Federal Lind_ 
Policy and Management Act of 1976. However, to meet the requirements of 
applicable NRC regulations (10 CFR 60.121), .the  DOE-must obtain permanent 
jurisdiction over the repository operations area and the'controlled area. 
This permanent withdrawal will require a  legislative transfer., 

'In:evalnating theSitei againitlhis guideline, the DOE . :conaidered what. 
property,WOuld,be reqUired for repository constructiOn,:operation, Closure,. • 	• 	 .•  
and'decommissiOning.-  landattinisitiOn . procedurei, -Such,at leasing, that'might 
be employed dnringeite characterization were not considered. , 	. 

Sitetfor which land will be easier to adqUire'from:aprOceduriland 
legal point:of view are More favorable. This does notmeanthitthe - DOE':, 
distountt the encioeConomIC'impati of acquiring lands,:especiallrp rivately • ,    
owned land. The'socioeconomic impacts of land acquiSitiOn are considered 
under the socioeconomics guideline. The DOE recognizes, for example, that the 
condemnation of privately owned lands will disrupt the lives of displaced 
landoWners. NeVertheless, condemnation is legally more straightforward than 
obtaining the Congressional authorization that would be needed to acquire' 
certain lands under the control of • otherFederal agencies. The DOE estimates 
that about 90 days would berequited for cOndemnation,'Whereisa Fedeial-land 
transfer requiring Congressional authorization could take longer and the 
result could hejess - CertilM: -  Thut, from a strictly ProcedUral point of view, 
it is easier for the DOE'to'iCtinire permanentiurisdietiOn over State and 
private lands than'jederil 

- 	. 

The complexity of procedures for acquiring land depends, in':iurn, on 
current ownership (DOE, other Federal agency, State, or private) and the 
number of landowners. Current ownership determines which acquisition-:, 
procedures are available. Similarly, the greater the division among . 
landowneri 1Federal-;'State, private ), 	more' complicated the overall Y' 
land-acquisition4=OCedures: .A.summary:of:tha'elialuatiOn-fOr each site 

Most'Of the:Davii -CanyOn-titeit Federal land contrall.ed.by .theltureauf 
Land Management'(BLM),:althongh itall:Portiont are owned 'Wthe Siate:Of'Utah'' 
and private4arties. -A COrigketsionalaOtion would be -required to'obtain 
permanent juriadiction -overtheBLM-pOrtion of'the siteAlthOugh the DOE 
would.prefer to -Acquire State and:private - lands by voluntary-purchase-tell 
agreements, the land could be acquired by condemnation liUnecettary. 

The Deaf Smith stteJitiprivattly:Owned,:andownerehiP ledivideeambng 7 at 
least eight parties. The Richton site is also on private lands with ownership 
divided amonginany,partiesAlthOugh:theDOEwould:prefervoluntary 
purchase-sell Agreementavith;thefourrent owners,' the lAndOan be accitired-by' 
condemnation. 	- 	 ",, 

The DOE controls.allturface:and subsurface rights to the Hanford :site '  

and the surrounding area The DOE would not have to acquire'any-land 
repositoryat 



The . Federal land of the Yucca Mountain site is under the control of three 
agencies:the DOE;the BLM, and the Departtent of Defense (the Air Force), 
Congressional action would be required to,Permit A permanent transfer ofjand, 
from theASLM at.d the 'Air Force. tO•the DOE, bilt the action is not expected ; to 
be disputed by these agencies.' 

Summary of the comparative evaluation 

The Hanford site is the most faVorable for the precloinre guideline on 
site ownership and control because the DOE has control over the entire site. 
The Deaf Smith and.the - RiChtontitesere On:private land that can be acquired 
by voluntary - purChaid-sell Agreements:or the right:Of, eMinetit domain. Control 
over the YucCa Mountain site is - divided,aMong threey'ederalagencies, and 
Congressional action wOuid'be required to'permit- a perManent transfer tnthe 
DOE. The Davis Canyon site is the least favorable because the ownership. of 
land is diVided among the ELM, the State of, Utah, and private parties,:and a 
combination of actions,(voluntari purchase-sell:agreements,. condemnation, and 
Congressional action) would be'required to acquire'the needed land. 

7.3.1.1.3 Meteorology .  . 

,The qualifying condition for meteorology is as follows; 

The site shall be .located such that expectedmeteoro/ogical 
conditions during repository operation andclosure will not be 
likely to lead to radionuclide-releases to an unrestricted area 
greater than those allowable under the requirements specified in 
4960.5-1(a)(1).. 

Major' considerations  

The qualifying, favorable, and potentially adverse conditions for this 
guideline (see.Table 7-11) led to the' identification of two major-
considerations that influence favorability with respect to the qualifying 
condition. These major considerations, in order of decreasing importance, are 
(1) conditions that affect, the transport of: radionuclide releases in the :  
atmosphere: and,the significance of transporti and (2)_extreme weather-, 
phenomena.,Jhe,transport consideration addresses prevailing meteorological , 
conditions, while the extreme weather consideration. addresses specific7 
episodes,2,yheaeMajor considerations are influenced by several contributing - 
factors which are discussed below. 

Evaluation of the sites in'terms.of the major considerations  

Conditions-that:affect transport and the' significance of transport. 
major consideration addresses meteorological conditions that-affect thei 
transport of airborne radionuclide releases to unrestricted areas where .the:, 
general public might be exposed. Contributing factors are the dispersion 
characteristics.of-the atmosphere, wind speed and direction, episodes of 
stagnationwatmospheric,,mixing-levels,the. terrain, and the locations of ,H 
nearby populations. This is the most important major consideration under.this: 
guideline because the potential for a preferential transport of radionuclides 

Thit, 
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Table 7-11. Guideline-condition findings by major consideration-7 
meteorolooy° 

Cohditionc 
Davis  Deaf  Richton  Yucca 

Canyon  Smith  Hanford  uDome  Mountain 

Favorable condition 

Prevailing meteorological conditions 
such that any radioactivu.releaseito 
the -atmosphere during-repository.operation 
and closure would be effeCtiVely dispersed, 
thereby reducing significantly the 
liktlihood.of-unacceptable -eicposures to 
any member ofthe public in the vicinity of 
the reposjtorY. 

*  '  ' 
Potentially adverse condition 1 

Prevailing meteorological conditions . 
such that radioactive emissions - from 
repository operation and closure could 
be preferentially transported toward 
localities in the vicinity of the 
repository with higher population 
densities than are the average for 
the region. 

.  , 
Potentially adverse condition.2 

History of extreme weather phenomena—
such as hurricanes, tornadoes, severe, 
floods, or severe and frequent winter 
storms that could significantly affect 
repository operation. or closure. 

• Key: NA *'not applicable; NP x for:the'purpose of this comparative,evaluation, the: 
favorable or 'potentially adverse condition is na present at the site; 13  = for the purpose.of - 
this comparative evaluation, the favorable or potentially adverSe condition'ii prisentat the site, 

6  Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for each site.  

• All-of the conditions in this table are related to one major consideration: 'conditions 
that affect transport and the significance' f transport; 
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directly affects a - site's ability-to- meet:the requirements of the-preclosure 
system guideline on radiological safity. 	'terms of the significance of 
transport, the doses delivered to the maximally exposed person beyond the 
boundaries of the site are estimated to be well within the limiti of 40 CFR 
191'fcir each site. The estimate is based partly on estimates of,radionuclide 
releaseeto unrestricted areisiateaCh site, these releases would be within 
the limits specified by the NRC in 10 CFR Part 20. A summary of the 
evaluation for each site follows. 

For the Davis Canyon site, representative offsite data indicate that 
relatively high mixing heights and moderate average , windSpeeds prevail. 
Dispersion may be hampered by the rugged surrounding terrain, and local 
inversions (about 39 episode-days per year) can cause.air ,.to be trapped in -
valleys. The prevailing wind directions at the site are from the southwest. 
The only population concentration in the downwind direction within 50 miles of 
the site is La Sal Junction, which is 19 miles away. 

For the Deaf Smith site, representative offsitedata Andidate that 
neutral atmospheric stability conditions and high - average wind speeds 
predominate, resulting in relatively good dispersion conditions. The 
prevailing mixing level, the infrequent occurrences of stagnation episodes, 
and the generally flat terrain at the site also favor dispersion. The 
prevailing wind directions at the site are from the southwest. The nearest 
population concentrations in the downwind direction are Masterson. and Exell, 
which are both about 50 miles away. 

The data recorded at the Hanford Meteorological-StatiOnlindicate that 
dispersion conditions'at the Hanford site are generally good. -  Favorable 
conditions include moderate average wind speeds and deep mixing levels. The 
prevailing wind directions are from the northwest. The Tri-Cities area 
(Richland, Kennewick, and - Pasco)'is 22 to 28 miles from the site in the 
predoMinant downwind'directiot. 

Representative offsite data used for the analysis indicate that 
atmosphericatability'and average'wind-speed conditions favor fair to good 
dispersion. Mixing-level heights, the relative infrequency of stagnation 
episodes, and the flat to rolling terrain also favor good dispersion. The 
prevailing wind directions at the site are from the south and southeast. The 
nearest large population concentrations located in the downwind direction are 
Laurel and Bay Springs, which are 24 and 40 miles, respectively, from the site. 

Meteorological data recorded at Yucca Flat indicate that wind velocities, 
atmospheric stability, and mixing heights at the site should provide effective. • 
atmospheric dispersion. Topographic conditions should also favor dispersion. 
The nearest population concentrations are Beatty, which is 19 miles to the 
west, and Amargosa Valley, which is 14 to 28 miles south of the site. Beatty 
and Amargosa Valley are downwind of the site less than 5 percent and about 10 
percent of the time, respectively. 

Extreme-weather phenomena.  This major consideration addresses the 
historical frequency and intensity of extreme-weather phenomena- -such as 
hurricanes, tornadoes, floods, and winter storms --that could have a 
significant effect on repository operation or closure. It relates to the 
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concern in the qualifying cOndition Withmeteorological'conditions , that-cOuld 
lead to unacceptable levels of exposure to persons in - unrestrietedereas. It 
is derived from-the second potentially -adverse'conditiou oUthe±meteorology 
guideline. This consideration is less important than theJirst major 
consideration because, unlike atmospheric transport characteristics, which 
tend to reflect.prevailing.meteorological conditions, extreme-weather : 
phenomena are-episodic conditions. A summary of the.evaluation for each site 
follows 

Hurricanes are not known to occur in the Davis Canyon site area, 'and 
tornadoes are unlikely. The area is not subject to heavy snOWfallsibut 
snowfalls greater than 1 inch occur 10 to 20 days -per-year. Local flooding or 
local heavy fog may occur about 8:days:per year.  

Extreme weather such as local flooding, hurricanes, tornadoes, freezing 
rain, and 'heavy fog occur in the area of the Deaf Smith County site about' 
29-31 days per year. The area also experiences dust storms with winds 
exceeding 65 mph. There are usually snowstorms less than - oneAday per year. 

Extreme-weather Conditions occur infrequently at thellanford site. 
Tornadoes are rare, and.severe winter storms are seldom experienced. 

Local flooding, hurricanes, tornadoes v and heavy fog occur in the Richton 
site area 30 to 70 days a year. Freezing rain, high winds, or snowstorms 
usually occur less than one day per year. 

The frequency. of. 	at the Yucca Mountain site is among the 
lowest in the nation. High - winds, snowfall, and tornadoes are rare, and the 
area does not:experience severe local floOding. Sandstorms are common, but 
they would rarelrbe'severe enough to disrupt repository operation.-. 

Summary of comparative evaluation  

The Yucca Mountain site is the most favorable under the meteorology 
guideline., Meteorological data from Yucca Flat suggest that good dispersion - 

• conditions are likely'to prevail at the.site. Prevailing.wlnds'would notA)e- 
likely to:preferentially transport radionuclides toward . population 
concentrations. :The Yucca,Mountain :area has a low frequency and megnitudeof 
extreme Weather.'Meteorological-data from the - Hanford Site show good 
dispersion:conditions - and a lowAncidence of extreme weather.:,The 
favorability of the Hanford site is reduced by the presence. of major 
population centert:in-therprevailing downwind_ direction. The Deaf Smith and 
the Richton sites7are:both expected to have pod ditpersion,characteristics:. 
Their favorabilityAs:reducedAn comparison to thelianford.site because they 
experience - more:severelivather. -: Davis Canyon is :the least favorablejfor 
meteorology. The favorability of this site is reduced by the.presence.of.a 
population center in the prevailing downwind direction, reduced dispersion 
conditions, and a greaterlreqdencrof severe weather.. 
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Major considerations  

7.3.141.4 Offsitesinstaliations and operations 

The qualifyingicondition for the preclosure guideline on offsite 
installations and operations is as follows: 

The site shall-be loCated.such2that present projected effects. 
from nearby industrial, transportation, and: military installations 
and operations,'including atomic energy defense activities, (1) will 
not significantly affect repository siting, construction, operation, 
closure; or decommissioning or can be accommodated-by engineering 
measures and; (2) when , considered.together with emissions' from - . 
repository operation-and closure,' wilt not be likely to'leadto , 
radionuclide releases to an unrestricted'area greater .than those 
allowable under the requirements specified in $960.5-1(a)(1). 

On the basis of-the qualifying, favorable -, and potentially adverse 
conditions for this guideline (see Table 7-12), two major considerations 
influence a site,sfavorabilityswithfrespect,to the qualifying condition.. 
These major considerationsiHin order oUdecreasing importance, are(l•thef: 
presence of nearby nuclear installations or operations and (2) the presence of 
nearby hazardous installations or operations. 

Evaluation of sites in terms of the major - considerations: 

Nearby nuclear installations or operations:- - This'major consideration 
addresses radionuclide releases from atomic-energy.defenae activities and 
nuclear installations regulated - by.the'NRC, which could, together - with-. 
operational releases.fromtha repository,subject the general .public to 
radionuclide exposures above allowable limits. The evaluation accounts for 
the proxiMity of nuclear installations and operations to-theiiteiand-the 
levels of radionuclide releasea•that could be expected during accidents and 
routine operatin&conditions , atrthese:installations. This consideration is '  

derive&from thelavorablecondition,andthe second' potentially adverse,,. 
condition. It relatetAireCtlytO the:qualifying - Condition's - coneern withthe' 
potential contribution - of other nuclear faCilitiesto radionuclide releases 
from.the,repository. Thismajor.consideration is assigned greater,impOrtance -- 
than nearby hazardous installations in this evaluation becaute:of the primary - '  

focus in the qualifying condition on compliande With - regulations OirreleaSes. ,  

In evaluating. this consideration,:the term "nearby" fOraffsite 
installations and-operationsvisrdefined as the area within 5 miles of tha.' 
site. The.assessmentof potential cumulative impadts considers nuclear 
facilities:Vithin 50 Miles.j kaummarrof this consideration for each site 
follows. 

At the Davis Canyon site, the only nearby nuclear'operations are three 
uranium mills, which are 36 to 58 miles from the site. The combined 
radionuclide releases from the uranium mills and a repository at the site 
would be significantly lower than the specified limits. 
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Potentially adverie ionditiOn.1 
' - - 

The presence of:nearby potentially 
hazardous installations or operations 
that . 00uld adverSely affect repoiitory 
operation or Oloiure.  

- Table 7-12. Guideline-condition findings by major consideration-- 
.,offsite installations and operations" 

ConditIon 

	

Davis 	Deaf 	Richton 	Yucca 

	

Canyon 	Smith 	Hanford 	Dome 	Mountain. 

.P1AJOR•CONSIDERATION 	NEARBY,NUCLEARINSTALLATIONS OR OPERATIONS 

Favorable condition'i 

Absence of contributing radioactive 
reliasei frOm other nuclear installations 
and operationS that must"be considered ' 
under the requirements'of:40 CFR 191,, 
Subpart,. A. 

. 	. 	. 
Potentially adVerse Condition 2 

Presence of other ouclear installations, 	NP 	NP 	NP 
and operations -, - subject to the 
requirements of 40 CFR Part 190 or 
40 CFR 191,IubOart A, with actual or 
projected releases near,the maximum 
Value Permisiible -Under those Standards. 

MAJOR CONSIDERATION 2: NEARBY HAZARDOUS INSTALLATIONS OR OPERATIONS 

• 

• Key: NA,=,not applicable; NP = for the purpose of this comparative evaluation, the 
favorable or'potentially adverse condition is nt  present at the site; - P = for the Purpose of 
this comparative evalUatiOn;:thelavorable or potentially adverse Condition is presentat the site 

▪ Analyses supporting the entries in this table are presentedin Chapter - 6 of•the 
environmental assessment for each site. 
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• The Deaf Smitiveiteis.48: , milesfrom-the Pantex Plant, a major atomic 
energy defense facility. near Amarillo. Releases from this plant are predicted 
to be only a small fraction of the specified limits and would not __ 	. 	 _ 
significantly contribute to radionuclide levels in the vicinity of the 
repository.' - There, are no other nucleir facilities in the vicinity. 

_ 	. 	_ 	_ 	. 
Commercial nuclear facilities neart the Hanford site include one operating 

nuclear power plani:Of that4iihingtOnIPUblic Power - SupplY'SyiteM, commercial 
site for the disposal of low-level radioactive waste, and a plant. that. , 
fabricates nuclear fuel. The predicted releases from these facilities are 
substantially less than the'Maximum permissible valUe . and'would not oontribtite 
significantly to radionuclide levels in the vicinity of tWrepoditory.., 
DOB-owned nuclear facilities near the repository site include.e -
plutoniumproduction reactor, the Purex. reprocessing plant, and a reactor for
testing breeder reactor fuels:and.components. The postulateclworst-case-
accident at. these facilities would result'in a radiation exposure at the 
boundary of the HanfOrd Site that would be below'aOilicable- limitt 

The Richton site has no nearby nuclear facilities, .- nor are there, any 
facilities subject to 40 CFR Part 190 or 40 CFRPart.191,. Subpartk, 'Within .50 
miles of, the site. 	• 

At the Yucca Mountain site, there are no nearby nuclear,.. facilities that 
are..subject to 40 CFR_Part 190 or 40 CFR Part 191, Subpart'A. 'Potential --  
sources- oUradionuclide emissions in the area are a commercial site. for 
low-level-waste disposal about 19. miles west of yucca MOUntain,, and the 
research with spent fuel at the Nevada:Research and . DeveloPMentArea, 
adjacent, to the.. east side_of Yucca Mountain.. .The releases resulting_from.the__, 
postulated worst-case accident at these facilities would, culminate in total, 
radiatiOn- releaies at the Neilada Test Site boundary belOW. applicable , limits., 
Most of'the:radioactive emissions, fronuunderground-nuclear testing at the ,!-) 
Nevada Test Site are" contained.-.' 

Nearby hazardous installations or operations. This major consideration 
addresses the possible adverse effects of nearby hazardous operations and 
installations on repository siting,.construction,,operation, closure, or 
decommissioning. Such operations and-installations could include chemical 
plants; fuel production, refining, transportation, and storage facilities; 
pipelines; major transportation routes used that could carry hazardous 
materials; air-traffic associated-with nearby airports; military operations. 
areas; toxic materials handling. facilities and sites for hazardous-waste 
disposal. :ThesejacilitiesJor operations are considered hazardous if they 
could affect repository operations or worker safety. Potential hazards could 
include shock waves from explosions, incendiary fragments, and flammable or 
toxic vapor. clouds. This major consideration is derived from the first 
potentially adverse condition. It relates directly to the concern in.the 
qualifying condition with adverse impacts of nearby hazardous installations 
and operations on repository operation or -closure. A summary of the 
evaluation for each site follows. 

.,At Davis Canyon, there are no4cazardous installations within 5 miles. 
The site is more than 35 miles.from..the airports at Blanding and.Monticello 
and more than 18 miles from the San Juan County airport. The nearest State 

• 
• 
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highway is more than 5 miles from.the site, % Therefore, there are-no hazardous 
installations or operations that :-are likely.to affect a repository at Davis 
Canyon. 	 ; 

At the Deaf Smith.County a 4-inch natural--gas pipeline passes within 
3,000 feet of the : restricted area,.but it.does:not constitute:a bawd to. a 
repository. U.S. Highway.385 passes within 3miles,of the .  site. Trucks using-
this highway may carry-hazardous : cargoes that could affect the repository in a 
serious transportation accident. 

Potentially hazardousAnstallatioas and operations:,in the vicinity of the 
Hanford site include national defense and.waste-management 
Potentially hazardous facilitiesjnclude a P lutonium-production : reactor,-a-
reprocessing.plant-yithin 1.8 miles-of the site,an&a reactor for-testing 
breeder reactor fuels and components within.12,Miles of the site.. A.serious 
accident, at any of : tbeselacilities would disrupt repository operations. 

The Richton site has several:nearby potentially hazardous, nstallations 
and operations. The Richton Airport is within 3 miles of the site, but the 
probability of an air crash at the site is extremely low. A portion of the 
restricted airspace of the DeSoto Military Operations Area is within 5 miles. 
Future expansion or amore intensive-use of,the restricted,Airspacecould, 
increase the risk of in airOline crash. A 16-inch underground gas pipeline 
passes 1 .mile:fromAhe.site, but it does not constitute-a-credible,kazard to a 
repository. There are two produCing o41 fields withinlmilevofthe-site. 
Explosions or firesat %these,facilities are linlikely-to : affect.irepository % at' 
the site. Statelfighways42 :andA5 pass within-2.and.3miles of the site, 
respectively. ,These:highways could be.used for hazardous;cargoes. The 
nearest railroad is more.han 12 miles from the Richton site. :  

The Yucca Mountain site has several nearby'hazardous installations and 
operations; including :the underground testing of nuclear,devices, an Air Force 
range, and the Nevada Research-and Development Area..jrndergroun&testingof 
nuclearweapons•occurs about 10 'to 20 iimes:per:year at,the Nevadaleat Sitei, 
which is more:than:24 miles,fromYuCca Mountain. :8omeafhis testing might -.  

require that ,underground reposUoryaCtivitiee be emporarilysuspended. The 
Yucca Mountain cite,occapies-a,small portion of the Nellis-Air Force Range,: 
which is used for, aircraft-overflights but.not-asa-targetArea,.. The only . ! 
potential hazard from these-overflights ivthe very remote chance that an 
airplane carrying ordinance could crash . at,Pacca MOuntain.J.Research with - 
spent fuel is Terformed:at:the Nevada Research•and:MevelOpmentArea,which 
includes a major portion of Yucca Mountain. (The spent fuel-is-tentatively 
scheduled for removal in 1986.) However, these research activities are not 
likelyto.affectrepository operations. 

Summary of-comparative evaluations. 
.. 	 , 

The:Devis , Canyon 7and the_Richtoaaites,are,the most favorable for the 
guideline_onoffsite installations : and operations. There are no nuclear: 
facilities or :other facilities. subject A43.40 CFR Part 190-or 40 CPR : Fart : 191,- 
Subpart -A, located, withiw,50,miles-ofthe:lichton site.' Potentially -hazardous 
facilities near the site include a FaJOF!Stata-highwaY, :a gas pipeline, an oil 
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field, an airport, , and restricted airspace associated with Camp Shelby. ̀= 
However, these facilities detract leis from a site's'favorability than a 
nearby nuclear installation would. At Davis Canyon, the only potential 
sources of radioactive emissions in the area of the site are three uranium 
mills. Radionuclide releases from these facilities would not contribute 
significantly to releases from a , repository. There are no nearby hazardous 
installations or operations that are likely to pose a crediblerisk to a 
repository. The DeaUSmith site is slightly less favorable. The only 
potential source of radioactive emissions is the Pintex plant, but the 
contributions from this plant are not expected to be significant. Potentially 
hazardouS installatiOns and'operations near the site indlude a major U.S. 
Highway. There are no nuclear facilities subject to 40 CFR Part 190 or Part 
191, Subpart A, located near - the Yucca Mountain site. Nonetheless, several 
potential sources of radioactivity that reduce its favorability are within 50 
miles, including nuclear weapons testing and radioactive-waste disposal. The 
Hanford site is the least favorable for this guideline: there are potentially 
hazardous national defense facilities or other facilities subject to 40 CFR 
Part 190 near the Hanford site that could affect'repository operations. 

7.3.1.2 Preclosure system guideline-for radiological safety 

The preclosure system guideline for radiological safety requires that any 
projected radiological exposures of the general public and any projected 
releases of radioactive materials to restricted and unrestricted areas during ' 
repository operation and closure'shall meet the appliCable requirements set 
forth in 10 CFR Part 20, 10 CFR Part 60, and 40 CFR 191, Subpart A. The 
evidence does not support a finding that any of the sites is not likely to 
meet this qualifying condition. 

• 	 • 

The pertinent system eliments are (1) the - Site-specific characteristics 
that affect radionuclide transport through the surroundings;;(2) the 
engineered components whOse function is to control releases of radioactive 
materials; and•(3) the(people'who, because of their iodation and distribution 
in unrestricted areas may be ' affected hy , radiOnuaide'releases. This 
guideline'li assigned the greatest importance among the pteclosure system 
guidelines because it is directed at protecting both the public and the 
repository Workert'from exposUres to radiation. To provide a camparativa 
context for 'understanding the:evaluation for this:Ypreclosuti systeliguideline 
in ChapteiyS,,a'briet summarya the eValuition'Of each of thesites with - 
respectJto'the pertinent system elithents -is presented below. 

With the exception of meteorological conditions,' the Davis'Canyon site 
has favorable characteristics for preclosure radiological safety. From an 
integrated-system viewpoint, atmospheric dispersiOn conditioni that could_he 
poor at times are not likely to prevent compliance with the radiation 
protectiOn.reiiiiiiient4 However, radioaCtiviWreleaies froM a - repository: 
are prediCtedto.  be small and.  are expidted to more than compensate for the' 
lessAhanfaiiorible!attoapherid - dispeiAonc:'Modeling , reaults indicate that-AO 
member of the4Ublid is likely to receive an annual whole-bOi doseot =ire' 
than I.3.milliremduring the' constrUction'period'or more than 1.8 milliteni 
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in any year during the operational period. On comparing these values with the 
regulatory limits (40 CFR Part 191) of 25 millirem per year to the whole body 
or approximately 140 millirem per year from natural background radiation, it 
appears that a repository can be located and operated at the Davis Canyon site 
with insignificant radiological risks to the public. 

The Deaf Smith site also has generally favorable characteristics for 
preclosure radiological safety. A potentially adverse condition is that the 
dominant wind direction is from the south, and the city of Vega is 
approximately-8 miles to the north. However, the radioactive releases from 
the repository are predicted to be very small, and therefore compliance is 
likely. Modeling results indicate that no member of the public is likely to 
receive an annual whole-body dose greater than 0.04 millirem during 	- 
construction or greater than 0.17 millirem in any year from normal operations 
during the operational period. Comparing these values with the limiti of 
40 CFR Part 191'(25 mdllirem per year to the whole body)or with approximately 
95 millirem per year from natural background, it appears that a repository at 
the Deaf Smith site would pose insignificant radiological risks to the public. 

r 	' 

The Hanford site has favorable characteristics pertinent to preclosure 
radiological safety. The meteorological conditions in the area show good 
atmospheric dispersion and infrequent occurrences of extreme weather. 	, 
Moreover, there are no permanent residents at the site Because of the very - • 
small radionuclide releases, from the repository, the low populationdensity in 
the surrounding .  area and the distance from:the repository to highly populated 
areas, routine repository operations would not be expected to exceed the -• 
regulatory limits, for the exposure of the general public to radiation., The 
individual radiation doses from other operations in the:Vicitity'Of . the' 
Hanford Site are•greater_than that projectedfor.the repository..: .These doses 
are monitored and are within applicable Federal standards. - - ,•. 	. 	• 	•:: 	. 

, 	= 	. 
At the Richton Dome , the sitetharacteristics that are:pertinent to ' 

preclosure radiological safety : are ginerally:favOtable:except for 
meteorological conditions, whiCh 'could be,PoOr•attimes,'with:occisional: 
stagnant conditions. From an integrated-SYstem Viewpoint; these Conditions 
are not likely to prevent compliance with the radiation-protection 
requirements. Radioactive releases from a repository are predicted -to be'vety 
small, which would more than compensate .for ,the less-than7favorable 	,e 
atmospheric 	Conditions. - Modeling ' resUlts indiCate•that'no Member 
of thepublic - is likely to receive ; an)InUtial -whOle-body dOie:greater:thin 0.41:: 
millirem;dUriMg• the construction Period. A comparison with the limits Of-40 -  
CFR Part 191 (25 millirem' peryear to. the whole body or approXimately - 10 
milliremper year from natural background 'radiation), it appears that a  
repository at the•Richtonleite Can.be, Operated without significant . 	, 
radiological. risks to the public,. -. 	• 

At Yucca MOUntain theineteorolOgical chaiacteristiCs briar the ability of . 
the site to limit exposure to radiation among workemAnd the Poblio“he_, 
distribution of people who live outiide the•area would also restrict 
exposures. Estimates of.both the extreme worst-caseAccidental radiological 
exposures to the general public and - the expOsures 'due' to - normal operation - are 
below the limits specified in 10 CFR Part .20 .(1984), 10 cm Part 60 (1983), .  
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and 40 CFR 191,.SubpartA (1985). Estimated releases under, normal -repositOry 
operation (Section 6.4.1)'produce radionuclide concentrations that aravell- ,- 
below thssmaximum/ permissible concentrations... 

11. 

The evidence does not support a finding that any of the sites is not 
likely to meet; the.qualifying cOndition-for preclosure radiological: safety.., • 

7.3.2 ENVIRONMENT, SOCIOECONCM/CS,,AND TRANSPORTATION 

7.3.2.1 Technical. guidelines 

Three technical guidelines are associated with the preclosure system,. 
guideline on:environmental quality, socioeconomics, an&transportation. Their 
objective is.to ensure that the public_ and the environment are protacted from 
the effects of repository construction, operation, closure,. and 
decommissioning. 

7.3.2.1.1 EivironMental quality, 

The qualifying cOndition'for:the environmental quality guideline is as 
followd: 

1   
The.site:Shall be locatedsUOh that (1), the quality:offthe 

environment in: the affected area.  during, this 	future generations:_ 
will be AdeqUately protected dUring.repOSitorysiting, : eonitrtiction,: 
operation, closure, and decommissioning -,And projected environmental 
impacts in the affected area can be mitigated to an acceptable 
degree, taking into account prograMmatiO, technical, Social, 
economic, and'anvironmental factdra; and (2) the requirement's 
specified in S960.5-1(0(2) can be met. 

Major consideratient  

On ; the bailie of the qualifying, favorable, and potentially adverse 
conditions:for this guideline (see Table 7-13), four major'cOnsiderations'are 
identifieethatinfluence the favorability of the sites with'respeat to the 
qualifiring,6444** These- majorconsiderations,are (1):the'ability to:theat -
applicable'etiviroOmenial requirementa, (2) the ability to mitigate 	- - 
environmental iMpacts, (3) the'absenca of protected Federal resource areas as 
well . 	threatened and endangered plant and animal species, and (4);the 
absence of protected State or regional resource areas, Native'AmeriCan 
resources, and cultural sites. As a group, major considerations 1 and 2a.re .  
more important than major consideration:1 3 and 4,, but the factors'withineach 
group are considered to be of equil -irdiartance 

Evaluation'of sites in terms OfT:the to Major considerations' 
•1 	I 

Abilitto•Meit'aPoliOable'enVirOnMentai requirements  : This Major 
consideration addresses the procedural and substantive requirements of 
environmental regulations with which the repository:must comply. It addresses 
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- Table 7-13. Guideline-condition findings by ma or consideration—. 
• 'env i ronmental ,quality • 

Condition 
Davis 	Deaf  Richton 	Yucca 

Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 1: :ABILITY 70 MEET APPLICABLE ENVIRONMENTAL REQUIREMENTS 

Favorable condition 1 

Projected ability to meet, within time 
constraints, all Federal, State,•and local 
procedural and substantive environmental 
requirements applicable to the site and 
the activities proposed to take place 
thereon. 

Potentially adverse condition 1 

Projected major conflict with applicable 
Federal, State, or locil environmental 
requirements. 

MAJOR CONSIDERATION 2: ABILITY TO MITIGATE ENVIRONMENTAL IMPACTS 

NP 

Favorable condition 2 
------ - 

Potential significant adverse environmental NP NP 
impactvto present'and future generationi 
can'be.mitigated_to an insignificant level 
through the:applicationof reasonable-
measures, taking inWaccount-programmatic, 
technical, social, economic, and environmental 
factors. 

NP 	P 

Potentially adverse condition 2 

Projected significant adverse environmental 
impacts that cannot be avoided or mitigated. 

NP 	NP 	NP 	NP 

MAJOR CONSIDERATION 3: PROTECTED FEDERAL RESOURCE AREAS 

Potentially adverse condition 3 

Proximity to, or projected significant 	P 	NP 	NP 
adverse environmental impacts of the 
repository or its support facilities on, 
a component of the National Park System, 
the National Wildlife Refuge System, the 
National Wild and Scenic Rivers System, 
the National Wilderness Preservation System, 
or National Forest Land. 

NP 

Potentially adverse condition 6 

Presence of critical habitats for 
threatened or endangered species that 
may be compromised by the repository 
or its support facilities. 

NP 	NP 	NP 	NP 	NP 

• 
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Table 7-13. Guideline—condition findings by major consideration-- 
environmental quality" (continued) 

Davis 	Deaf 	Richton 	Yucca 
Condition 
	

Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 4: PROTECTED . STATE OR REGIONAL RESOURCE AREAS, NATIVE AMERICAN 
RESOURCES, CULTURAL SITES 

Potentially adverse condition 4 

Proximity to, and projected significant 
adverse environmental impacts of the 
repository or its support facilities on, 
a significaRt State or regional protected 
resource area, such as a State park, a 
wildlife area, or a historical area. 

0 

Potentially adverse condition 5 

Proximity to, and projected significant 
adverse environmental impacts of the 
repository and its support facilities on, 
a significant Native American resource, 
such as a major Indian religious site, or 
other sites of unique cultural interest. 

NP 	NP 

Key: NA = not applicable; NP 2 for the purpose of. this comparative evaluation, the 
favorable or potentially adverse condition is not present at the site;• P =.for.thespurpose of - 
this comparative evaluation, the favorable or potentially adverse condition is present at the site. 

b  Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for each site. 	. 
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applicable site-specific regulations at the Federal, State, and, local, levels. 
A site's standing against this consideration is determined by evaluating the 
degree to which repository activities will comply with requirements as well as 
the ability to do so within specific time constraints. This consideration 
relates directly to the qualifying condition and the first favorable and 
potentially adverse conditions, which address the ability to comply, with 
environmental requirements within time constraints. Because compliance with 
environmental requirements is a measure of the ability to protect the 
environment at a site, this consideration is a direct indicator of a site's 
ability to meet the qualifying condition for environmental: quality. Table 6-2 
and Table 6-3 in each EA (Table 6-9 and Table 6-10 in the Yucca Mountain EA) 
summarize actions that are planned at the sites to ensure they comply with 
applicable requirements and review their ability to meet each requirement. A 
summary of the evaluation, for each site follows. 

The Davis . Canyon site, is expected to meet all ,  potentially applicable 
environmental requirements. However, it may not be possible to do so within 
time constraints because of uncertainties about the time required to obtain 
certain permits, such as those required under the Utah Air Conservation Act. 

The Deaf;  Smith site is expected_to meet all potentially. applicable;. 
environmental: requirements. rHowever, it.may,notin possible to4o. so within. 
time constraints_becauseof.uncertainties regarding the time required,to 
comply with, requirements like the,TeXaLDrilled.and Mined Shaft Act. 

The:Jianford sitelaan %arealthat has-been dedicated to nuclear-activities 
since 1943. The environmental, requirements are,known for,the area l 'and.it 
expected that the site 	able to meet the potentially applicable 
environmental.requirements within:time constraints. 

The Richton and Yucca Mountain sites are expected to meet all potentially 
applicable environmental-requirements, but.the.Richtowsite may.not'do : so: 
within time constraints because of,lincertainties - regarding the : time to. obtain; 
certain permits. 

Ability to mitigate environmental impacts;  This.consideration evaluates f 

the significance : of the:environmental impacts of the repository. and accounts.-
for the degree to which impacts can be mitigated. It also considers features 
of the mitigation measures,suehi:astheirtime requirements and ;  technological 
feasibility, and the social,:economic,:or envirOnmentalJactOrsthat affect;' 
their applicability :toa . particular site. This.consideration.relates Adirectly7: 
to the qualifying 	and theseoend,faVorable and potentially adverse_ 
conditionsi,whickaddress,the abilitytomitigatejmpactvat :=eachsite.. 
Because of its direct-,relevance:tothe qualifying.condition, 7 the., 
environmental7impact : consideration,is a direct indicator i of_a site's ability, ; _ 
to meet the : qualifyinvconditionjortheenvironmental7quality guideline. .A 
suMmary-oUlhe_evaluatioo:ferthis consideration_foreach siteJOIJOws., 

ItAs,projectedthatall:potentiallysignificant.impacts.at 7 the DsNIP; 
Canyon site:eanl)e.aVoided.or:mitigsted.to.an:acceptable:levellowever, 
extensive mitigation meagurea ,yould bej-equired-because_of.thetclose proximity 
Of Canyonlands National-Park. ,Although-it is projected that 4.1.1sPgteable 
environmental impact standards can be met, some impacts cannot be mitigated : to 
insignificant levels. For example, construction and operation noise will be 
audible within Canyonlands National Park, and access corridors and facilities. 
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will be , vitible from the Park. Night-sky' glow from project lighting may also 
be visible : Within- the Park. 

It is projeCtefithat all potentially significant impacts at the'Davis 
Canyon site-can'be' avoided or mitigated to an acceptable level ancrill 
applicableienvironmental standards can be met.. However, extensive mitigation - 
measures would be required because of the close'proXimity of Canyonlands 
National Park.-Furthermore, some impacts cannot be'mitigated to insignificant 
levels.: For example, construction and operation-noise will be audible within 
the Canyonlands National Park, and access corridors and ficilitieS will be 
visible from the Park. Night'skyglow from repoiitory lights may also be 
visible within the Park. 

At the Deaf Smith site, it is projected'that all potentially significant 
impacts can be avoided or mitigated to an acceptable level and that all 
applicable . environmental standards can be , met.--However,.some impacts cannot 
be mitigated to insignificant leWels; For example, about 5,760 acres of 
farmland will be permanently removed from production. 

At the Hanford:Site, all-potentially significant impacts can be avoided 
or mitigated:to insignificant'lerels. 'No noise or-air-quality impacts are-
expected otitside'the'boundary:of:the larger Hanford Site, and no impacts are 
projected for the Columbia River. Potential iMpacts associated with offsite 
developments will be mitigated through siting and engineering measures.' 

At the:RiChton site, it is projected'that all potentially significant 
impacts can be'avoided or mitigated to an acceptable level,'ami.thatlall: 
applicable environmental standards can be met. However,•some impacts cannot 
be mitigated to insignificant levels.: The repository will be visible, and- ,  
noise will be audible in offsite areas. 

It IS projected that'all potentially significant impacts at the Yucca 
Mountain site - cah.be avoided'or'mitigated to insignificant levels. 
Air-quility impacts at the controlled-area boundary will be maintained within 
the limits specified in applicable regulations. Releases of radioactivity 
from naturally occurring material will'increase.during the excavation ofthe' 
underground facility, but they are'not expected to be significant. 

Protected. Federal resource areas.  This consideration'relates directly to 
the third:and sixth -'potentially adverse conditions. It addresses the . 
followingFederal-lands that are identified in these conditions:: the National 
Park System, thellational Wildlife Refuge $ystem, , the National Wild and Scenic-
Rivers System, the National Wilderness PreserWition'System, and National 
Forest Land, as well as designated .  critical habitats for threatened or 
endangered Spiciei: -  The evaluation of sites fOr this consideration is bated ,  
on their proximity to,.and the degree of projected impacts on,.the'litted: 
areas, except' foiCritical habitats,; Critical habitats are contidered:on:the'- 
basis: of Whether they could be compromised by the repository. Because this 
consideration addresses the protection -of - environmental quality in terms of 2 a 
subset'of environmental conditions-(i.e4i-sPecifically identified' resource- .  
areas), it is relitivelylessimportent'inIthe overall evaluation of sitesL 
than the. firit:two - dontiderations.- -A:aumMary of the evalUation-for each 'site 
follows. ' 	 D 
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The repository operations area at the Davis Canyon site is within 1 mile 
of the eastern boundary of•the Canyonlands National Park and is'considered to• 
be proximate to the Park. Impacts on the park include increased suspended 
particulate and nitrogen oxides, increased noise levels, visibility of 
repository facilities, temporarily disrupted access, and night skyglow. There 
are no known or designated critical habitats for threatened or endangered .' 
species that could be compromised by the repository or its support facilities, 
although there are crucial riparian habitats. 

The Federal resource area - nearest to the Deaf Smith site, the Buffalo 
Lake National Wildlife Refuge, is 22 miles from the site. No significant 
adverse impacts are projected for this resource. There are no critical 
habitats for threatened or endangered species•within the site or site vicinity 
that could be compromised by the repository or its support facilities. 

The Hanford site is on Federal land not designated for protection. The 
site is 4 miles from the Saddle Mountains Wildlife Refuge (a multipurpose area 
of the Hanford Site) and 16 miles from the McNayllationalWildlife'Refuge. ,  
No significant adverse impacts are projected for these wildliferefuges. No 
federally recognized threatened or endangered species are known to inhabit the 
Hanford site, though several species (e.g., the'bald eagle andthe peregrine 
falcon) have been Sighted within the.site. Three species.Of birds that are 
candidates for designation as threatened or endangered nest within or near the 
site. 

The Richton site is 2.5 miles from the DeSoto National Forest, but no 
significant adverse impacts are projected for the forest. There are no known 
or designated critical habitats for threatened or endangered species that 
could be compromised by the repository or its support facilities. 

At the Yucca Mountain site, the northern part of the controlled area is 5 
miles from the Timber.Mountain Caldera National. Natural Landmark, which lies 
within the Nellis Air Force Range and the Nevada. Test Site. The Toiyabe 
National Forest IS about-50-miles from the site, and the Death Valley National 
Monument is 20 to 25 miles from the site. The rail-line to the site will pass 
within several miles of the Desert National Wildlife Range, parts of which are 
suitable for inclusion in the Wilderness Preservation System. There are no 
critical habitats at the Yucca Mountain site. .Ash Meadows, which contains 
several protected species, is about 25 miles away. .No significant adverse 
impacts are projected for any designated Federal lands or protected species. 

Protected State or regional resource areas, Native American resources,  
and cultural sites. This ednsideration relates directly to the'fourth and 
fifth potentially adverse considerations. The-fourth potentially adverse 
condition identifies three significant State or regionally protected 'resource 
areas: State parks, wildlife areas, and historical areas. The fifth 
potentially adverse condition requires an evaluation of significant Native 
American resources, such ai religious sites, and other sites of unique 
cultural interest. 'The•evaluation:addresses the combined effects of a site's 
proximity to resource areas and the projected level of impact on those areas. 
Because this consideration addresses the protection of environmental quality 
in terms of a subset'of environmental conditions :(i.e., specific'resource 
areas), it is equal in importance to the third consideration but less 
important than the first two considerations. A summary of the evalUation for 
each site follows. 

7=77 

7 	!:8 21 	77, 51 



The Newspaper , Rock.State Historical Monument is near Utah State Highway.  
211,,17 milesirom the Davis. Canyon site. The,petroglyph panel at Newspaper': 
Rock is a-significant. cultural. resource and is listed on the. National Register 
of Historic Places. The increased traffic flow past the Monument that would. 
be  associated with a repository at Davis Canyon will disrupt some visitation:. 
and overnight. camping at the Monument. The nearest State park is the Dead! 
Horse State Park, which is 30 miles away. The nearest significant:Native 
American resource or site of unique cultural interest is the Salt.Creek'' 
Archaeological District, which lies along the eastern edge of the Canyonlands 
National Park., Impacts of the repository and support facilities on these 
resources are not expected to be significant. 

The State protected resource nearest to the Deaf Smith site is the Palo 
Duro Canyon State: Park, located 44' miles away. Since no significant State, 
regional, or Native American resources are known to be present in the area of 
the site, no , significant adverse-impacts are expected. 

A repository at the Hanford site would not affect any protected resource 
area. There are_no known significant State, regional, or Native American:_ 
resources within or adjacent to the site. .There are significant Native :  

American resources along the ) shorelands of the Columbia River, 4 miles from-. 
the site,.but-no significant adverse,impacts.areprojected for these resources. 

The nearest State or regionally protected resource to the Richton site is '  

the Paul E. Johnson State Park, which is 20 miles away. The park is not 
expected to experience any significant adverse impacts,. There are no 
significant Native American resources or cultural sites recorded at the 
Richton site, and the potential for discovering such resourcesis considered. 
low. 

The Yucca:,Mountain site is not located near any State or regionally 
protected resource area.. - The rail corridor that would be constructed to the 
site is not projected to adversely affect any-resource areas, although it will 
pass within 0.9 mile ofthe F..R, Lamb_State Park..:Mostof the Yucca Mountain: 
site has been surveyed for cultural artifacts. : Limited investigations have. 
identified 178 prehistoric and.6historic sites,.many.of which :consist of 
scattered debris. No major,impacts-are projected for, any significant Native: 
American resource.or uniquercultural site. 

Summary of comparative evaluation 

The.Hanford.and the Yucce,Mountain sites are most favorable , under , the.. 
environmental7qUality4uidelinei, Both sites are expeCted to meet all major 
environmentalrequirements,,within-time constraints. Adverse environmental. 
impacts : atboth , siteivcan be avoided or mitigatedAo insignificant:levels. 
Since these sitevare,not near'iny protected Federal, State, or-regionally 
protectetlresource,:or,nearany significant Native American resource'or site 
of unique cultural interest, the.development of:a.repository ateitherof :,,')- 
thesesites is not projectedto_have,significant impacts on any of these: 
resources. 

The Deaf Smith site can comply with - all potentially applicable: 
environmentalrequirements,.but.may not be-able 'to do so within time 
constraints,-Similarly, it is projected that adverse impacts:at the site can-- . :  

be limited to acceptable, but not insignificant, levels. The Deaf Smith site 
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is favorable with regard to the third (protected Federal resource areas) and 
the fourth (protected State or Native American resources) major considerations 
because the site is not near any of the relevant resource areas and would not 
be expected to adversely impact such areas. 

The Richton site is also expected to meet all applicable environmental 
requirements, although it may not be able to do so within time constraints. 
All adverse impacts at the site can be avoided or mitigated, but not to 
insignificant levels. The Richton site is less favorable than the Hanford, 
Yucca Mountain, and Deaf Smith sites with respect to protected Federal' 
resource areas because of its proximity to the DeSoto National Forest. The 
Richton site is favorable with regard to the fourth consideration (protected 
State or Native American resources) because a repository at this site is not 
projected to cause adverse impacts on any State or regionally protected 
resource area, significant Native American resource, or site of unique 
cultural interest. 

The Davis Canyon site is the least favorable for the 
environmental-quality guideline. It is projected that all potentially 
applicable environmental requirements, can be.met, but it may not.be possible 
to do so within time constraints. It is also projected that adverse impacts 
can be mitigated to acceptable but not insignificant levels. The favorability 
of the Davis Canyon site is further reduced by its proximity to, and potential 
impacts on, the Canyonlands National Park and the Newspaper Rock State 
Historical Monument. 

7.3.2.1.2 Socioeconomic impacts 

The qualifying condition for the socioeconomics guideline,is as follows: 

The site shall be located such that (1) any significant-., 
adverse social and/or economic impacts induced in communities 
and surrounding regions • by repository- siting, construction,•, 
operation, closure, and decommissioning can be offset by 
reasonable mitigation or compensation, as determined by a 
process of analysis, planning, and consultation.among the DOE, 
affected State and local government jurisdictions, and 
affected Indian Tribes; and (2) the requirements specified in 
960.5-1(a)(2) can be met. 

Major considerations  

On the basis of the qualifying, favorable, and potentially adverse 
conditions for this guideline (seeTable'7-14), six major considerations are 
identified that influence the.favorability of the sites with respect to the 
qualifying condition. These major considerations are (1) potential impacts on., 
community services and housing, (2) potential impacts on direct and indirect 
employment and business sales, (3) potential impactson:pritharyseCtOrsof'the 
economy, (4) potential impacts on the revenues and expenditures of:pUblic,: 
agencies, (5) the need to purchase or acquire water rights that could affect 
development in the area, and (6) potential social impacts. No order of 
importance is assigned to these six considerations. Each consideration is, in 
turn, influenced by a number of more-specific , conditions or contributing 
factors, which are discussed below. 

•. 	• 	!1.• 
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Davis 	Deaf :  
Canyon . 	Smith •' 	Hanford 	Dome• 	MOuntain: Condition 

RiChton 	Yucca ' 

MAJOR CONSIDERATION 2: 

NP NP NP NP 	NP 

Potentially adverse condition . 4 

Potential for major disruptions of 
primary sectors of the economy of the 
affected area. 

THE , REVENUES AND EXPENDITURES 

Favorabl e' condi ti on 3 

Projected. nett . increases , in employment 
and businesi sales. improved community 
services, and increased government 
revenues in the affected area 

• 
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MAJOR CONSIDERATION 4: POTENTIAL IMPACTS TO 
PUBLIC AGENCIES ,. 

Potentially adverse condition 2 

Lack of an adequate labor force in the 
affected area. 

MAJOR CONSIDERATION 3: POTENTIAL : IMPACTS TO PRIMARY : SECTORS OF THE ECONOMY 

Favorable condition 4 

No projected substantial diMrUption of 
primary sectors of the economy of the 
affected area. . 

Table 7-14. Guideline–condition findings by major consideration—socioeconomics• 

MAJOR CONSIDERATION 1: POTENTIAL IMPACTS TO COMMUNITY SERVICES AND HOUSING 

Favorable condition I J 

Ability of an affected area to absorb 
the project–related population changes 
without significant disruptions of 
community services and without significant 
impacts on housing supply and demand. 

Potentially adverse - condition 1 

Potential for significant repository–
related impacts on community services, 
housing supply and demand, and the 
finances of State and local government 
agencies in the affected area. , 

POTENTIAL IMPACTS ON DIRECT AND INDIRECT EMPLOYMENT' AND 
BUSINESS SALES 

Favorable condition 2 

NP 	NP 	NP, 	NP 

NP .  Availability of an adequate labor 
force in the affected area. 

Favorable condition 3 

NP 	NP 	NP 	NP 

Projected net increases in employment 
	

P 
 

P 
 

P 
and business sales, improved community 
services, and increased government 
revenues in the affected area. 



Table 7-14. Guideline-condition findings by major consideration-- 
socioeconomics" (continued) 

Condition 
Davis 	Deaf 	Richton 	Yucca 
Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 4: POTENTIAL IMPACTS TO THE REVENUES AND EXPENDITURES OF .  

PUBLIC AGENCIES (Continued) 

Favorable condition 3 (continued) 
. 	• 	. 

Potentially adverse condition I 
. 	. 	_ 

Potential for significant repository 
related impacts on community services, 
housing supply and demand, and the 
finances of State and local government 
agencies in the affected area. 

MAJOR CONSIDERATION_ S: THE NEED TO PURCHASE OR ACQUIRE WATER RIGHTS THAT!COULD EFFECT 
DEVELOPMENT IN THE AREA 

Potentially adverse condition 3 

Need for repository-related purchase 
or acquisition of water rights, if such 
rights tould , have•significant adverse 
impacts on the-present or future. 
development,of.the affected area. 

NP 	NP 	NP 	,NP NP 

MAJOR CONSIDERATION 6: POTENTIAL ,SOCIAL IMPACTS - 
. 	, 

Favorable condition 1 

Ability of in affected area to-abiorb 
the project4elated population changes 
without significant disruptions of 
community'services,and without significant 
impacts on housing supply and damn& 

Potentially adverse condition 1 

Potential for signifiCant repOsitery-related  
impacts on community services, housing, 
supply and.demand, and the finances of state 
and local government agencies in the Affected 
area. 

NP' 	NO  NP 	NP 

, t-: . 	, 
`.Key: NA *, not applicable; NA 	 for the.purpose of this comparative evaluation, the._ 

favorable or potentially adverse condition - ieggl present at the site; P afar the purpose4f- 
this comparatiVe evaluation, -the favorable or potentially' adverse condition is present'at'the site. ,, 

b  Analyses supporting the.entries in this table are presented in Chapter : 6 of the 	- ;- 
environmental assessment for each site. 	,-.. 	 _ 
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Evaluation of the sites in terms of the major considerations  

Potential impacts on community services and housing.. This consideration 
relates to the requirement in the qualifying condition that impacts on 
community services or housing in affected areas and communities can be - 
mitigated or compensated for. This consideration is derived from the first 
favorable condition and the first potentially adverse condition. The first 
favorable condition focuses on the ability of the affected area,to absorb , 
repository-related population growth without disrupting community services and 
the supply and demand for housing. The potentially adverse condition 	- 
addresses impacts on community services and housing in communities near a 
potential site. Impacts on community services and housing depend on five 
contributing factors: population composition and density, the distribution of 
in-migrants, current capacity and trends in the use of community services and 
infrastructure, housing supply and demand, and the community's ability to 
accommodate growth.' A site's favorability improves as the combination of 
these contributing factors leads to fewer'impacts on community services and 
housing. A summary of the evaluation for each site follows., 

A repository at the Davis'Canyon site is likely to'result in sUbstantial, 
impacts on community services and housing in the affected-area. The projected,- 
net change in the population of Grand and San Juan Counties is expected to be 
approximately 20 percent above the baseline population -during:the peak of 
in-migration. This level-of population increase may cause.a significant 
disruption in housing and community services. The number of housing units 
needed by repository-related households could reach 1,600 units. 'Fewer that: —  
half this number of units are currently available in the study area.,. The ,  

communities of Moab, Monticello, and Blanding are projected to.have peak-year 
cumulative growth rates of 31, 50, and 24 percent, respectively. Although 
this level of growth would occur over a 6-year period, it would:cause 
significant impacts. 

The development of a repository at the Deaf Smith site,is not expected , to ,  

result , in major impacts to community services or housing. Most project 
in-migrants are expected to locate in Amarillo, about 40 miles from the site. 
Amarillo is a large urban center that has a sufficient community 
infrastructure to , accommodate repository workers and their families. Vega, 
which is the closest community to the site, is projected to experience a 
peak-year cumulative growth of 8,percent. Since this , growth'would occur over 
a 6-year period, it is not considered to.havd potential for significantly 
disrupting the community. However, in-migration is expected' to cause some • 
minimal increase in the demand for community services (e.g.; houeing, schools, 
police protection, medical services, water supply, and recreation) in the 
affected area. 

The Tri-Cities (Richland, Renewick, and Pasco) have historically received 
most of the in-migrating work force associated with large projects at the .  
Hanford Site. If the most likely estimate of 1,700 in-migrants for the 
repository is used, annual growth rates during the peak year would be less 
than 4 percent for all communities. These annual growth rates are low in 
comparison with previous levels of growth in the area.‘  There is also a large 
and underused infrastructure, particularly excess housing, in the Tri-Cities 
area.' This suggests that the development of a repository at Hanford 
represents an opportunity for the area to more fully use.its resources. 
Therefore, community-services and housing impacts are prOjected to be 
favorable: 
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For the Richton site, the capacity of housing in counties receiving' 
in-migrants is expected to be adequate. Because the availability of community - 
services generally parallels the - availability of'housing, these services are 
also expected to be adequate in the affected area. At a community level,' the 
town of Richton is projected to experience a peak-year cumulative growth of 37 
percent. This growth would occur over a 4-year. period. Although the average 
annual growth rate is higher than the 6-percent growth rate projected for 
Richton's baseline population, significant disruption is notexpected. 
Nonetheless, the in-migrating population is projected to cause moderate 
service impacts in the study area, including the need for some additional 
housing, feachers, police officers physicians, hospital beds, and water and 
sewage facilities. 

For the Yucca Mountain site, over 80 percent of the in-migrants are 
expected to settle in the Los Vegas area, where the infrastructure is 
sufficient to accommodate them. In the rural communities closer to the site, 
the maximum 1-year growth rates, which are projected from the .historical 
settlement patterns of workers at :the Nevada Test Site, will be-less than 5 
percent.for all communities near the site except Tahrump-(5.percent) and 
Indian. Springs (13.2 percent). Although demands for services and housing in 
communities could increase in proportion to these peak 1-year growth rates, , 
the potential impacts would be largely confined to the service providers that 
are best equipped for dealing with growth. Generally, services in the 
unincorporated communities , near the , site (i.e., Indian Springs, Pahrump, 
Beatty, and Amargosa Valley) are provided not by town -governments but by 
county-wide agencies that have broad tax bases, planning capabilities, and 
experience in responding to population growth rates within the range of those 
projected for the repository. , With only a few exceptions, water in.the 
unincorporated communities near the repository site is supplied by private 
wells, and waste water is disposed of in private septic tanks and leach 
fields. In Addition, , housing in rural ' southern Nevada is provided almost 
entirely by the private sector. 

:Potential ,  impacts.on direct-and indirect employment and business sales. -  
This major consideration 'is derived from the second:and the third favorable - 
conditions and, the second.potentially. adverse - condition.....Two factors 
contribute to the potential forincreased directamdFindirect employment and: 
business sales: repository-related needs for. labor and expected locattiresi 
and repository-related local purchases of:materialt..: Thia major-consideration 
is related to' the qualifying condition in that increased local employment:and 
business pales enhance the ability ,of,affected!areas and Communities to absorb 7-  
repositorY-reXated growth by increasing business and tax revenues. A site's 
favorability increases with repository-related economid.growth.- A:summary Of 
the evaluation for each site,follows.. 	• 

At the. Davis Canyon sitei-aErepository is expected to generate over 2,000 
direct and indirect jobs at its'peak, of which about'400.are expected to be -
filled by,local:residents.. •he!repository-it-also expected to generate about 
$5.4 million per year 'in local purchases - during the construction phase.i.,, 

At the Deaf, Smith site,-local residents are-expected to fillL1,380 of the 
total number, of jobs' at:tho'peak , of. repository development. Direct local 
purchase's of about $11'.3 million perlreat are.projected'during repository. 
cdhstrtiCtion. ,An additional $5.7:million:per.year is.expected to be - spent as
a tesu1 of indirect:effects Caused.broattrial,purchases 
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At.thOinfOrd site, tOtal:eMplOyment.coUld increase by more-than'2,400 
at the•peak,of repository developMent..,:A,substantial number. of:these jobs 
will belilledAocaIlf... In addition,•substantial spendingthrough wages and ... 
on purchases of materialt:frOM ,local suppliers is eXpected. 1 

• 	' 	' 

At ; the Richton.site,,-  the'repoSitOry is expected to4eneratelabout 1,300 
jobs for local residents -  at' 	peak, of its development. In: addition„ . about 
$5.3 million:in-directAocALmaterial purchases will be made during repository 
construction. 

For the Yucca Mountain site, up to 4,800 jobs could be created during 
peak repository development.. Many of these jobs are expected to be filled by 
current residents of the area. The increases in area income from wages for 
repository construction and operation could reach $110 million in 1998. ,  

Potential impacts on primary sectors of , the economy. The third major 
consideration is derived from - the fourth favorable condition and fourth 
potentially adverse condition. ' The contributing factors are major sectors of 
the economy, employment distribution and trends by economic sector, and the 
compatibility of'a repository with the area's economic base. The smaller any 
projected disruption, the4greater the site's favorability. A summary of the 
evaluation for each site follows. 

Primary sectors of •he'Davis Canyon study area are retail trade and 
services (31 percent of employment), government (24 percent of employment), 
and mining (14 percent of employment). Since unemployment in mining has 
increased significantly in the last 6 years, a repository may have a positive 
effect on this sector. The extent of this positive effect is unknown, because -
significant numbers-Of miners have left the area since 1983. The demands on -  
local government created by new growth should create jobs in the government.. 
sector. In retail trade and services, tourism represents approximately 475 
man-years of employment for San Juan and Grand Counties or about 24 percent of 
the jobs in these sectors :Because the Canyonlands National Park is near the 
repository, some - tourists may choose to - sliold the park, and some jobs related 
to tourism could be lost.,  The total number of jobs directly associated with. 
purchases made by tourists with Canyonlands as their primary destination is 
approximately 76 man-years of employment. The local retail-and-service jobs -; 
directly related. to locaLptirchases associated with the_repOsitory will 
average 240 man-years .of employment during construction•and 230 man-Years 
during operation. .Therefore c  while some tourism-related job's in the retail i .  

and service sectors may be lost, other jobs are expected to be created. 

The primary , sectors of theDeaf Smith study area are government (18 
percent), retail trade (15 percent), services (14 percent), agriculture (10 ,  
percent), and manufacturing (/0 percent). It is expected that the repository 
will increase-the need for produotsand services provided by.the retail trade, 
government, and , seryice sectors. - No'substantial loss of.employment due to the-
repository is expected.for the agricultural'or manufacturing aectors because 
most of their markets are outside.the region of the site. . However, the sales 
of health foods and bottled water could decline. In addition, projected 
impacts on the.agricultural sector include a loss•of more than $1.6 million in 
crop and livestock:revenues at the,peak of construction (about 0.12 percent of 
the expected'crop and livestock revenues in , the region in 1997); a loss of 
$1.7 million in crop and liveitock.revenueSat the peak of operation; a loss, 
of $2.5 million and $3.0 million in agritultural business during the peak of 



repository construction - and operation, respectively; and a loss, of 0.61 
percent of the productive land in Deaf Smith County. 

" 
In the affected areaoUtheTHanfordaite the potential for major 

disruptions of primary sectors of the economy is Very,tiliall.. The primary -
sectors of employment are the WashingtorvPublic.powerSupply System and its 
contractors, the DOE-and its contractors, and agriculture..'A repository at 
the Hanford site would probablystabilize - economic conditions and employment -
in the area. 

In the affected area of theRichton site, the primary economic'sectors 
are manufacturing (21 percent), government.(2 .5 	retail trade (22 -' 
percent). The repository is not expected to affect markets for manufactured 
goods,-Hmploymentjn,:the.trade -and government ectprs is likely, to' 
because of increases: in 	local purChases,-business , salesand:demands. 
for services. 

The primary sectors of the economy.in southern Nevada are mining - and 
tourism. A•repository at ♦ Yucca Mountain is expected to increase the number of 
mining jobs in Nye'County. In regard to tourism, even .though 
repository-related increases in population may have ,a small positive effect, 
only potential negative impacts have been investigated to date. Preliminary 
results of an ongoing evaluation are inconclusive. Studies of the effects of 
well-publicized accidents have yielded no evidence.of long-term . effects on 
tourism. 	 • 

"-' 

Potential impacts on public agency -revenues andrexpenditures...This:: -  
consideration is derived from.the third favorable.conditionand the first 
potentially adverse condition, which addresses, thepotentialjar:inCreased 
revenues,:and the.netliScallmlancei of State. and local gOvernmentagencies, 
respectively. This consideration relates, othe qualifying 	in that 
the DOE must be able-toinitigateadverseeconomic impactsi- incldding-impicts. 
on the finances of State or local governments. impacts,on,therevinuesand 
expenditures of public agencies depend on three contributing factors: the 
sources of, - -and trends in, the expenditures:andrevenugmnfAocalgoVernment; 
the additional needs for coMmunity services'inducedHbytherepository:project; 
and economic ;growth -in the area and resultingjncreasesintax.;revenues. :A - 
site's favorabilityincreases-aSAhe repository more positively 'affects:State: 
and local financeSandtecreases-ASHmore mitigation of fiscal impacts is 
required. •A'summary of the evaluationyfor each 'site follows. 

At the Davis.Canyon site, a -repository:will - increase therevenuet 
collected throdgh property taxes,-tales:taxes, , anduser'fees-These increases 
in revenues, howevermity not offket increases.in:outlaystorcomtunity 
services and infrastructure needs. 

At the Deaf Smith site, the repository will also increase - the revenues 
collectectin:property taxes, sales taxes, and - uterJees.Thest'increases in 
revenues areeXpeCtedto Offset the'projectedminimai: iMpactsbn'tommunitY 
services.; 4  

-At the Hanford site, the State or locaUgOvernmentt'Will-Alot eiperienCe 
significant adverse fiscal impacts. There are virtually no projected impacts 
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on community -services, and there are some economic benefits.thatywillrasult' 
in additional tax revenues. 	 • 

The potentiaLimpact on:the revenues and-expenditures of public agencies • 
affected, by the Richton 7 siteTis similar to: that at the'Deat.Smith_site., 
Revenues from property taxes,:sales taxes, and. user fees are.likelTto 
increase.:These revenue increases are•expected:to:offset increases in. 
expenditures. due to changes .in service, requirements. 	. I 

, 	• 	• • • 
At the Yucca Mountain site, significant repository-induced expenditures 

are expected..to result in increased : State and local tax revenues, which maybe 
offset:by additional outlays.in-the -study area. 

• • - 	• 	•, 	• 	• 	_ 	. 
NaedAo - ourchase'or acquire water rights that could affect development in 

the area.  This major'consideration , is.derived from the:third potentially - • 
adverse condition (see Table 7-14). The need to acquire water rights depends 
on two contributing. factors: project-related water requirements and current 
water rights, use, and capacity. . Specificallyi_the greater the competition: 
for.water-at the site and the more the DOE's.acquisition of water rights could 
affect development in the_area, the lower the site's favorability. •A summary 
of the evaluation for. each. site follows. 	 • 	. • 

• , 	• 
At the Davis Canyon site there is a variety of potential water sources. 

A likely source of water is the San Juan County Water Conservatory District,
which has jurisdiction over the site. The Conservatory District has indicated 
that it would enter into an agreement for the annual sale or lease of up to 
2,800 acre-feet of water from :the Colorado River. or one of its tributaries 
during constructiotvand:up to 500 acre-feet during the operation of the .  

repository.. Because the San Juan. Planning Council expects that two• new ,  
reservoirs that are being built in.the.Blanding and Monticello-area will . 
supply enough water for future needs:and because the Council is willing to 
sell or lease•part of its own appropriation, development in : the area should' 
not be affected. 	. 	. _ 

The Ogallala aquifer, the major source of water for municipal use and -: 
irrigation in the Texas Panhandle and; in the area of the. Deaf Smith site - ,::is 
being depleted. The. Texas Water Commission predicts thatonly part of the 	7 
projected water requirements•for irrigated agriculture in 1990 will be met .  
under a high-demand scenario. Although' a repositorvat the Deaf Smith site 
will require relatively little water to operate'in comparison with other 
industrial users in Texas And less than one-fourth of one percent of projected-
water supply_in the County throughout the:life;of the repository,•the':water 
requirementsof . .the repository:will further deplete-the aquifer and. may 
compete with other usersi'especially agricultural]users. MUnicipal.and - 	: 
industrial water requirements are expected to be mat because these; users are 
able to pay the higher prices associated with more a limited supply. 

The federal Government:already owns the:water'right:Lthat;areneeded for 
a repositoryat,the,Banfordsite. Water will-be supplied from the.ColumbiaH- .,.- • 
River by an existing pump station. No significant impacts on municipal water 
systems in the study area are expected because there is excess capacity in the 
Tri-Citiesvarea, where most:in-migrants would live.' 
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At the Richton site, the DOE will not need-to acquire •water rights-, 
because ground water is expected to be available at the site.. In addition, no 
planned developments in the study area have been identified that would be 
adversely affected by the water use projected for the -repository._ .- 

It is projected that sufficient water for a repository at-Yucca Mountain . 
can be obtained-from new or,  existing wells at the Nevada Test . Site,for which 
the DOE has existing water rights. For local water systems, Aecondary,impacts, ! 
due to the increased demand associated with population increases are expected 
to be minimal,'-although -some communities may require mitigation assistance to 
expandtheirwater.systems to meet the needs of new in-migrants. There are no,• 
major developments or population centers - that will compete with the repository. 
for ground water. The Las Vegas Valley is projected to have water-supply .. 
problems by the.year 2020 with or without the population increases resulting - 
from the -development.of. the repository. 

Potential social impacts..  This major consideration relates directly to .. 
the requirement in the qualifying condition that significant-social. impacts on 
communities and surrounding areas can be-offset by reasonable.mitigationcnr - 
compensation... It also relates to the first. favorable and potentially adverse 
conditions, which address the quality of life by focusing on impacts to 

 services and the finances of State and local government-agencies. 
Three factors contributeto:the potential for social impacts:  the-quality of 
life and existing social problems in the affected communities, the' size of.the 
in-migrating population in comparison with the existing population,- and the 
compatibility of the in-migrating population with the lifestyles and 
characteristics of the current residents. The more compatible the 
in-migrating population with the:current population and-the fewer the-
disruptions that it causes, the greater the site's favorability. -A.summary 
the evaluation for each site follows.  

At the : Davis Canyon:site,- it is estimated that-Moab and Blandingwill. 
experience an increase-of_31 and 24 percenti respectively, in population. 	• 
during the first 6 years of the repository. Monticello is expected to grow by 
about 50 percent - during the'same- period. .These-increases would be - dramatic-
and could4ead.to-conflictsbetween long-time residents and newcomers over 
leadership.positions o , Rapid growth could also contribute to .increases in . 
alcohol andJdrug:abuse,. crime, and family conflict. 

At_the'Deaf Smith -site, Vega- is expected to receive an 8-percent increase 
above the baseline population. On the basis of this population increase,•Vega. 
could experience:some social changes. •  The lifestyles .of construction workers. 
may not be compatible,with.lonv-time residents,: though most workers:are.- 
expected . to,live_in Amarillo:or Hereford. Major-conflicts. over leadership 
positions between long-term residents and newcomers are not expected.- 

At the7Hanford-site,:a repository will make a small but-positive 
contribution - 	the-recovery of the area.from.the decline of the early 1980s. 
The effect of any impacts .onsocial conditions is likely to be positive. 
Since.expected-in-rmigrating.work-force.is  small in comparison with the.. 
projected baseline population, serious social disruptions-are unlikely.-- The • 
Yakima Indian Nation,.the,Confederated.Tribes of the Umatilla Indian - 
Reservation, , and the Nez Perce Tribe are formally designated as-affected 
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Indian Tribei under the Act; : &repository at Hanford is not expected to cause 
significant:social impacts 'On these Indian Tribes. 

At the Richton sitei the town of Richton is expected to receive 483 
repository-related•in-migrants, a 37-percent change over baseline projections 
for the peak year'of construction. This repository-telated growth 1or Richton 
is significant and will probably cause social - changes and conflicts' over 
leadership positions in the community. 

For•the Yucca: MbUntain-siteimost of thein-migrating"population is 
projected to be absorbedln-Clark County. Since the size of the in-migrating 
population is small'in comparisonwiththe-projected -  baseline population, and 
the existing social structure in urban Clark County. is highly diverse; the --  
growth-related effectsoirsociaLstructure are not expected to be  
significant. In contrast; Nye County is a rural area where experience with 
large energy-development projects indicates that growth-related social 
disruptions could. occur. :Ilowever, preliminary assessments suggest that 
in-migrating construction workers would be assimilated within the existing 
socialstructure. Aistorically,-communities in Nye County have had a large 
population of miners'i'and:mining continuesito.be important in the area'. 
Therefore, because'oUthe diversity of existing cultural - environments within 
Nye and:Clark.Counties;=in-migrating workers would.be.able to select a 
compatible cultural environment and are likely to-be readily4ssimilated into 
the community. 	 . 

Summary of comparative evaluations  

The Hanford site is;themost:fivorable for - all six major considerations. 
The Tri-Cities-ltaslarge and under-used infrastruature, and the  
benefit from repository-related employment and:inCreases in-business sales.% 
The economy of the affected area is largely based on nuclear activities, 
although there is alsb:substantial Agriculture. -No significant adverse'' iscal 
or social impacts areexpected, and'the DOE owns all necessary water - rights: 

Atthe'Yucca Mountain:site most Of the'in-migrants'are'expected to -- 
settle in the area of Las Vegeta which has a sufficient infrastructure to -
accommodate them. :Services- in.the unincorporated•communities nearer the site 
are generally provided by county-wide organizations that are'well equipped to-- 
deal with growth. Both Nye and Clark Counties are expected to benefit from 
increased employment and business siales. Employment in the mining industry'in 
Nye CoUnty:- is expectidto-increase substantially. The:tourist industry is"not 
expected-to be:negatively affected. Public revenues will - probablyAncrease, 
and socialAmpactS'are'expeeted:to be small. Sufficient water 'for'the 
repositorY - can:14obtained:from wells at the ,  Nevada Test Site,'and secondary 
impacts should'be minimal. 

At the Deed 	population growth maycause minimiladveise- 
impactS . on community services. Vega could also experience social changes 
because the lifestyles'of newcomers andAonr4ime residents may be 
incompatible... In addition, - a repository is expected to cause minor disruption 
to the'agricUltUral industry in the affected;area. Some water may 'ilsd 
diverted from-other uses beCause the DOE - Will need to . acquire , witerrighti in 
a region where the major source of water is being depleted. The area is 
expected to benefit from increased employment, business sales, and tax 
revenues. 
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At the Richton site, moderate impacts on community services are projected 
• because of-the population growth associated with a repository. - Local - 
purchases and job opportunities.will increase, but adverse social impacts 
could occur, especially in theAown of Richton. Primary sectors of the 
economy-are not expected to be disrupted, and public revenues should 
increase. There is no needJOr the.DOE to purchase or-acquire water rights. 

. 	A repository at the Davis ,  Canyon site is expected to induce major adverse 
impaCts on community services and housing; these impacts will occur in San 
Juan County and in three small communities near the'Davis Canyon site.In 
addition, csignificant population growth may cause'subStantialtocia/ 	_ 
impacts. Although a small number of jobs related to tourism in - the . retail,end ; , 
service sectors may also be lost, net local employment, business sales, and 
tax revenues should increase. Water rights arelikety,to.be:obtaine“rom the ' 
San Juan Planning Council without affecting present ._ or . 	develdpment,: 

7.3.2.1.3 Transportation 

The qualifying condition for the transportition guideline is as follnws: 

The site shall be located such that (1) the access routes constructed 
from existing local highways and railroads,tnthe site.(i),will not 
conflict irreconcilably with the previously.designatecluse!of-eny.  
resource listed in 960.5-2-5(d)(2) and (3); .01) 'c4 111)e . 4signedend .  
constructed using reasonably available technology; (iii) Will nat irequire 
transportation system components to meet performance standards 

A 
	more- 

stringent 
	, 

han thOse spedified in the applicable DOT and NRC regulations; - ' 
nor require the development of new packaging containment. technology; .(iy). 
will allow transportation operations to be conductedwithout . causing an 
unacceptable risk to the public or unacceptable'environmental•impaCts; 
taking into account programmatic, technical, social, economin; and 
environmental factors; and (2) the requirements of Section 960.5-1(a)(2) - 
can be met. 

Major considerations 

On the basis of the qualifying, favorable,,andpotentially idVerie 
conditions for this guideline (see Table 7-15),tfour major considerations are 
identified that influence the favorability of sites with respect to 'the'. - 
qualifying condition. ,7These major considerations, in order of decreasing 
importance, are (1) transportation safety, (2) potential for environmental 
disruption, (3)_the cost of transportation infias4UCturand X4) A1t'Cost'af'' 

the 	
• 	, 

transportation hardware and operations. Each of the major considerations is„ ; . 
in turn, influenced by several contributing factors, which are discussed below.! 

Evaluation of the sites with respect to major considerations  

. 	Transportation safety.  Transportation to the repository, will; Prieent 
potential hazard, albeit small, to people living Along the routes traveled. 
The hazards are both radiological (i.e., due to the radiological nature of the 
cargo) and nonradiological (i.e., due to the movement of the transport vehicle 
and not related to the character of the cargo). The guidelines emphasize that 
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NP 	NP. 	NP- 	NP 

Table 7-15. Guideline—condition findings by major consideration--transportation• 
. 	• 	' 

Condition 
Davis 	Deaf 
	

Richton 	Yucca 
Canyon 	Smith 	Hanford 	Dome 	- Mountain 

  

MAJOR CONSIDERATION 1: THE SAFETY OF TRANSPORTING SPENT FUEL AND HIGH—LEVEL 
WASTE TO THE REPOSITORY 

Favorable condition 1 

Availability of access routes from local 
existing highways and railroads to the 
site which have any of the following 
charaiteristics: 

(i) 	Such routes are relatively short and 
economical to , construct as compared 
to access routes for other comparably 
siting options. 

• 
(iv) Such routes are free of sharp curves 

or steep grades are not likely to be 
affected by landslides or rock slides. 

(v) Such routes bypass local cities and 
towns. 

NP . 	NP 
	

NP . 
	 NP 

NP 
	

P 
 

P 
 

P 
 

P 

NP 
	

NP 

Favorable condition 2 

Proximity to local-highways and railroads 
that provide access to regional highways .  
and railroads and are adequate to serve the 
repository without significant upgrading or 
reconstruction. . 	--Jr 	• 

Favorable condition 4 

Availability of a regional railroad system 
with a minimum number of interchange points 
at which train crew and equipment changes 
would be required. 

Favorable condition 5 

Total projected life—cycle cost and risk 
for transportation of all wastes designated 
for the repository site which are 
significantly lower than those for 
comparable siting options, considering 
locations of:present and potential sources• 
of waste, interim storage facilities, and 
other repositories. 

Favorable condition .  8 

Plans, procedures,:and capabilities for 
response to radioactive waste transpor-
tation accidents in the affected State 
that are,completed - Or being developed.• 

Favorable condition 9 

NP 	NP , 	• 	NP • 

A regional meteorological history 
indicating that significant transpor-
tation disruptions would not be routine 
seasonal occurrences. 
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Table 7-15. Guideline-condition findings by major consideration-- 
transportation" (continued) 

Condition 
Davis 	Deaf 	Richton 	Yucca 

Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 1:  THE SAFETY OF, TRANSPORTING SPENT FUEL AND HIGH-LEVEL 
WASTE TO. THE REPOSITORY (Continued) 

Potentially adverse condition 2 
	

NP 	NP 
	

NP 
	

NP 

Terrain between the site and existing local 
highways and railroads such that steep 
grades, sharp switchbacks, rivers, lakes, 
landslides, rock slides, or potential 
sources of hazard to incoming waste 
shipments will be encountered along access 
routes to the site. 

Potentially adverse condition 3 

Existing local highways and railroads 
that could require significant re-
construction or upgrading to provide 
adequate routes to the regional and 
national transportation system. 

Potentially adverse condition 4 

Any local condition that could cause the 
transportation-related costs, environmental 
impacts, or risk to public health and safety 
from waste transportation operations to be 
significantly greater than those projected 
for other comparable siting options. 

P  NP 
	

NP - 
	 NP . 
	 NP 

MAJOR CONSIDERATION 2: THE AMOUNT. AND NATURE. OF THE ENVIRONMENTAL DISRUPTION 
CAUSED BY DEVELOPING THE TRANSPORTATION NETWORK AND 
ACCESS ROAD (INFRASTRUCTURE) AROUND AND TO THE SITE 

Favorable condition 1 

Availability of access routes from 
local existing highways and railroads 
to the site which have any of the 
following characteristics: 

(i) 	Such routes are relatively short 
and economical to construct as 
compared to access routes for 
other comparable siting options. 	NP 

(iii) Cuts, fills, tunnels, or bridges 
are not required. 	NP 

(iv) Such routes are free of sharp 	NP 
curves or steep grades and are 
not likely to be affected by 
landslides or rock slides. 

(v) Such routes bypass local cities 	NP 
and towns. 

NP 

P 

P 
, 	, 

NP 

P .  

NP 

P 

Favorable condition 2 
	

NP 	NP 
	

NP 

Proximity to local highways and 
railroads that provide access to 
regional highways and railroads, and 
are adequate to serve the repository 
without significant upgrading or 
reconstruction. 
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NP 	P .
P 

NP 	•P 	P 

NP 	NP 

NP NP 

1 

P 
 

P 
 

NP 

Table 7-15:''GUideiinecondiLtOnfindings Willa or consideration= 
trans0Ortition"lcOntinoed) 

Davis 	Deaf 	Richton 	Yucca 
Condition 
	

Canyon 	Smith 	Hanford 	'Dome 	Mountain 

MAJOR CONSIDERATION 2: THE AMOUNT AND NATURE, OF THE ENVIRONMENTAL DISRUPTION CAUSED 
BY DEVELOPING THE TRANSPORTATION NETWORK AND ACCESS ROAD 
(INFRASTRUCTURE) AROUND AND TO THE SITE (Continued) 

Favorable condition 3 

Proximity to regional highways, mainline 
railroads, or inland waterways that provide 
access to the national transportation 
system. 

Potentially adverse condition 3 

Exiiting local highways and railroads 
that could require significant re-
construction or upgrading to provide 
adequate routes to the regional and 
national transportation system. 

NP 	NP 
	

NP 

Potentially adverse condition 4 	P 	NP 	NP 	NP 

Any local condition that . Could cause the 
transportation—related costs, environmental 
impacts, or risk to public health and 
safety from waste transportation operations 
to be significantly greater than those 
projected for other comparable siting 
options. 

MAJOR CONSIDERATION 3: THE COST OF DEVELOPING AN ADEQUATE INFRASTRUCTURE BETWEEN 
THE:SITE AND THE,NEAREST,NATIONAL TRANSPORTATION NETWORK 

Favorable condition 1 

Availability of access routes from local 
existing highways and railroads to the 
site which have any of the following 
characteristics: 

(i) Such routes are relatively short and 
economical to construct as compared 
to access routes for other comparable 
siting options. 

(ii) Federal condemnation is not required 
to acquire rights—of—way for the 
access rdutes. 

(iii) Cuts, fills, tunnels, or bridges are 	., 
not reqUired; 	• 	NP 

(iv) Such routes are free of sharp curves 	NP • 
or steep grades and are not likely 
to be affected by landslides or rock 
slides. 

(v) Such routes bypass local cities and 	NP 
' 	towns. 
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Table 7-15. Guideline-conditionlindings by major consideration-- 
transportation" (continued) 

Davis 	Deaf 	.Richton 	Yucca 
Condition 	Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 3: THE COST OF DEVELOPING AN ADEQUATE INFRASTRUCTURE 
BETWEEN THE SITE AND THE NEAREST NATIONAL 
TRANSPORTATION NETWORK (Continued) 

Favorable condition 2 

Proximity to local highways and railroads 
that provide access to regional highways 
and railroads, and •are adequate to serve 
the repository without significant, 
upgrading or reconstruction. 

Potentially adverse condition 1 

Access routes to existing local highways 
and railroads that are expensive to 
construct relative to "comparable siting 
options.  

Potentially adverse conOtion 3 

Existinglocal highways and railroads 
that could require significant re-
construction or upgrading to provide 
adequate routes to the regional and 
national transportation system. 

Potentially adverse condition 4 	P 	NP 	NP 	NP 

Any local condition that could cause the 
transportation-related costs, environmental 
impacts, or risk to public health and 
safety from waste transportation operations 
to be significantly greater than those 
projected for other comparable siting 
options. 

MAJOR CONSIDERATION 4: THE COSTS ASSOCIATED WITH TRANSPORTING THE SPENT FUEL AND 
HIGH-LEVEL WASTES TO THE SITE 

Favorable condition 4 

Availability of a regional railroad system 
with a minimum number of interchange points 
at which train crew and equipment changes 
would be required. 

Favorable condition 5 

Total projected life-cycle cost and risk 
for transportation of all wastes designated 
for the repository site which are 
significantly lower than those for 
comparable siting options, considering 
locations of present and potential sources 
of waste, interim storage facilities, and 
other repositories. 

Favorable condition G 

Availability of regional and local 
carriers-truck, rail, and waste-which 
have the capability and are willing to 
handle waste shipments to the repository. 

NP 	NP 	NP 	NP 

NP 	NP 	NP 	P 	NP 
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Table 7-15. Guideline-condition findings by major, consideration-- 
transportation 	(continued) . 	. 

. 	_ 
Davis 	Deaf 	Richton 	Yucca 

Condition 
	

Canyon 	Smith 	Hanford , 	Dome 	Mountain 

MAJOR CONSIDERATION 4: THE COSTS ASSOCIATED WITH TRANSPORTING THE SPENT FUEL AND 
HIGH-LEVEL WASTES TO THE SITE (Continued) 

Favorable condition 7 

Absence of legal impediment with regard to 
compliance with Federal regulations for the 
transportation of waste in or through the 
affected State and adjoining States. 

Favorable condition 9 	 P 	P 	p 

A regional meteorological history 
indicating that significant transpor-
tation disruptions would not be routine 
seasonal occurrences. 

• Key: NA = not applicable; NP = for the purpose of this comparative evaluation, the 
favorable or potentially adverse condition is nQt present at the site; P = for the purpose of 
this comparative evaluation, the favorable or potentially adverse condition is present at the site. 

o Analyses supporting the entries in this table are presented in Chapter 6 of the 
environmental assessment for each site 
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the people living near the'Site will be most significantly affected, but they 
also recognize that the hazards and impacts of transporting wastes are 
national in.scope. _Because thel*E's main goal_in transportation.issafety, 
and the guidelines emphasize the role of safety, transportation safety is the 
most important consideration in evaluating the sites. 

The_transportation_of.radioactiv&materials_during the,past.40,years_has 
been accomplished with an exemplary record of safety. Models that are used to 
estimate the radiological risks of transportation tend to generate extremely 
low expected-risk values for the public . because they rely on historinal"data. 
When relative terms like "high" or "moderate" are used in thii evaluation, 
they must be considered in the context of the low overall radiological risk 
from transportation. The nonradiological risk'is calculated under the.- 
assumPtion that the probability of accidents for radioactive-waste.shipments 
can be representitiby accident-statisticsfor general commerce. The DOE' 
believes that these accident statistics will overestimate the actual number of 
deaths . and injuries. Other factors being equal, the site with the smallest 
radiological hazard will also have the smallest nonradiological hazard. 

Since the principal contributing factor in determining risk is the 
distance traveleda better : Site for this' consideration is one that is close' 
to thetources Of , spent fuel•and high-level waste. Other contributing faciors 
that increase the.favorability of sites are access and local routes that avoid 
population centers, flat local'terrain with good visibility, anciiigional 
weather conditions that rarely cause hazardous road conditions. It 	be 
noted that, regarding weather conditions, the DOE needs additional information 
before determining the comparative favorability of the sites. In contrast, 
less fairorable sites are distant from.Waste sources, must be reached' by routes 
that pais throughloopulatiOncenters or rugged terrain, and are located in 
regions where.weather_conditions_often cause_hazardous road nonditions. . A 
summary of transportation risk and cost calculations is presented in Table 
7-16; the reader is referred to Appendix - Alor more-extensive-analytical 
results. Table 7-17 presents the factors used to evaluate disruptions of the 
environment and the cost of infrastructure; A summary of - the eValuatiOn for 
each site follows. 

Davis Canyon is centrally located in the large region defined by the five 
nominated sites, but it is more difficult to reach because of its remote and 
rugged setting. Access from existing highways and railroads is extremely 
difficult, and there is a potential for landslides that could interrupt or 
jeopardize shipments. A long stretch of noninterstate highway must be 
traversed before reaching the site. From a national perspective, the relative 
risk of transporting to Davis Canyon is moderate to high, but that risk has to 
be considered along with the potential hazards near the site that could 
further reduce the overall level of safety. lloweVer, the added risk 
associated with hazardous local access to the site is somewhat offset by the 
remoteness of the cite and the low population density in the area. 

The Deaf Smith site is convenient to major national highways. The 
distance from sources of spent fuel is low to moderate, and, as shown in Table 
7-16, the level of relative safety is therefore moderate to high. The terrain 
surrounding the site is generally flat and poses no safety hazard. The 
population density around the site is low to moderate. 
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 r-, 	Yucca 
Hanford 	Richton 	Mountain 

12 
	

6.3. 	11, 
39 
	

19 	36 

0.2 	0.3 
3.2 	1.8 	3.0 

2-4 

96.4 
17.7 

2-4 

936 
982 . 	.1,345 

Table 7-16. Summary of transportation risks and costs 
• 

Parameters 
. Davis 
Canyon 

Deaf.. 
Smith 

Risk' 
100% truck 

Radiological. 9.5 7.9 
Nonradiological 30 24 

100% rail 
Radiological 	, 
Nonradiological 

0.3 
2.6 

0.2:.  
; 

2-4 Number of'interchanges ,  

Total shipment-miles b  

100% truck- 	- 145.1 	:121.4 - 	186.7 
100% rail 	25.5: 	21.7 

	
i. 33.3 

Number of interchanges` 	2-4 
	

2-4 

cos ta 

- 100% truck 1,305 ,  1,127 _1,615. 
100% rail. '1,207 . 	1,122 -,1,376 

'Number of fatalities during the preclosure period. 
bOne-vaTmillion 
Nithin:the transportation study area. 
dMillions of 1985 dollars. 
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Access route' 
Miles 
Cost' 

- 25/38-54 	1/25-35 
79/141-269 

4126 	- . 16/100 
3/16 	12/151 

<3/<3 
<6 b  

Factors used to evaluate'disruPtion of= the - environment 
and 'cost of-'infrastructure 

:Davii 
Canyon  

Truck/Rail 

'Deaf' 
Smith 

Truck/Rail Truck/Rail Truck/Rail Truck/Rail 
, 	. 

Parameter 

Yucca 
Hanford 	•  Richton 	Mountain 

Upgrade 
Miles 
Cost a  

Distance from -
end of access 
route to major 
highway or 
mainline rail 

Need for tunnels ' 

64-68/0 	1 .4/0-13 
15-35/0 ' 	"1/<10 

'64-173/30-36 - `= 14/0-13 

No .  

Terrain ViryY 
'rugged 

Generally .' ' Generally 
Ilatl • 	flat 	• 

r Geitly 
. 

.,,c7c1. 7  t Co 7 01 1\- 132 
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Since.the Hanford site is the most distant from the large . majority of, 
spent-fuel sources, it has the highest relative risk from a national 
perspective. The introduction of a second repository reduces the effect of 
distance on the overall transport risk (for a more complete discussion of the 
effect of a second-repository see Appendix A, Sebtion A.11). TiansportatiBO 
safety near the site is considered to be relatively high because of the flat 
terrain and the good existing transportation network. The population density 
in the area is moderate. 

The Richton site is favorable for the transportation-safety consideration 
because- it is Closer- to the -  sbUrces- of spent fuel than'the other sites: • - • 
National transportation risks are therefore reduced, and the relative level of 
transportation safety is high. The site would be more favorable if there were 
fewer local towns and cities were nearby; however, with the construction and 
upgrading of the local access routes, local safety should be high as well. 

Yucca Mountain is easily accessible, but it is far from most sources of 
spent fuel. The local rail network that' will be.developed.will effectively 
bypass Las Vegas. Local roads provide good access to theinterstate highway 
system. One potentially hazardous feature of the access routes is their 
proximity to an Air Force bombing range. Although this iLnotexpected to 
present a significant risk, some additional safeguarding of shipments may be 
required. The local terrain presents no hazards. 

Environmental disruption. The second major. consideration accounts for 
the environmental impacts caused by improving the existing infrastructure and 
constructing new access routes tothe site. Though not as important as the 
first consideration, the potential for environmental disruption has much 
significance. For example, transportation operatibns and the development of,. 
access routes-mightadversely affect sensitive species on a-large scale (over 
many miles), and the aesthetic quality of the region may be reduced by the 
construction of road and rail routes. This consideration reflects the focus.: 
in the guideline on local conditions around the site. EffectS on the 
environment along national highways and railroads. were considered when those 
networks-were developed for regular commercial traffic. In this respect, the 
incremental environmental impacts of transporting radioactive waste are not 
considered to 	on - a national scale. 

A contributing factor for this consideration is whether a site requires 
access routes that would disrupt the environment. Table 7-17 lists the major 
factors that are considered in evaluating the potential for environmental 
disruption. A more favorable site would be one that does not require the 
construction 	lengthy access roads. Other qualities that would make a site 
better are access routes that do not conflict with current land-use plans; no 
requirements for cuts, fills, tunnels, or bridges; and disruptions that_would 
affect the least.number of people. A less favorable site would require 
significant construction of access routes through pristine or unique 
environmental areas. Other qualities that reduce the favorability of:a site. 
are access routes that conflict with current land-use plans; a requirement for 
many cuts, fills, tunnels, and bridges; and the displacement of many people by 
the access route. A summary of the evaluation for each site follows. 

Major construction of highways and railroads would be required to reach 
the Davis Canyon site. This new construction would disrupt previously 
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undisturbed land and diminith-the aesthetic quality of the area. The 
construction of access routes would require major-cuts and-fills as-well as 
tunnels. The existing transportation network - would also have to be improved. 

Deaf.Smith County is located on generally-'flat terrain that'would not 
require major excavation during construction. Upgrading of the existing road 
is not expected to cause significant environmental impacts. A lOng segment of 
new tracksiust be laid to reach the site, but the environmental:disruptions' 
would be minor. 

For the Hanford site, the truck and rail access routes would be thort, 
and little environmental disruption would result from constructing the access 
routes. No improvement in the existing transportation network-is needed. 

The Richton site is on generally flat terrain. Although along railspur. 
would have to be built to reach the site,'it would follow an abandoned 
railroad-right-of-way.' -The existing local road would have'to'upgraded for a 
significant length. Ashort length of new road would have to be built to 
reach the site. The environmental impacts of new construction are not 
expected to be significant. 

To reach the Yubca Mountain site, a long railspur and a moderate length 
of new road would have to be constructed. A long bridge would, also be --  
necessary. The terrain is such that the construction of these routes will 
cause minimal environmental ditruptien. 

Cost of transportation infrastructure. This:Major'consideration" -  
addresses the cost of constructing and upgrading the access routes to the 
sites. Its importance is gained from the emphasis in the qualifying condition 
on the loCal infrastrUcture and-access' routes.: It is not-as important as the' 
first considerationl)ecaute the prOtection'Of health and safety is more 
important than' reducing - costs. ' 

The.cost of 	transportation infrastructure is considered separately' 
from the costs of - tranipoiting itaste'to the site. Table 7-17 presents .  a  
comparison:Of costs 	construction of new roadand:rail'acCess routes 
and the upgrading orexisting networks' at each site. 

A favorable site for this consideration is one that needt little, if any, 
repair or upgrading of access routes. Other qualities of a favorable site 
include no-requirement for Federal condemnation for rights-of-ways, a flat 
terrain, low costs for rights-of-way, and absence of other local anomalous 
features 'thatAmsy:Increase costs..: :A less favorable- site has poorly 
maintained or no transportation infrastructuie; if it does exist, it is ,a long 
distance from the SiteiAhus , requiring much new'construction.' - Other qualities 
of a less faVorable:tite4re a:mountainous terrain, high costs for 
rights-ofwayjthe;need-idYseture'rights-of-Way, 	by Federal condemnation, and 
other features that coUldrequire ,expensive mitigation. 

1 !; 
Costef - -transportition'hardware and Operations. The least' important 

consideration-iithe'cost of developing the caskIleet and shipping the waste 
to thei-repository..Thii -consideration is not asimPortint as the Otheri -
.because traniportatiOn costs'are -relatively insensitive to location, - 'ind the 
protectioncifhealth'and'safety is MOreAmpOrtant than.reducing costs: 
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The cost of transporting spentJueltoAhe repository sites depends_to 
some extent on_distance;_thatis, it-costs about as muchtoship waste1,000 ,  
miles,as j it does 500 miles., Other,factorsthat can influence cost,. at:least-2,c ,  
as determined at this stage of investigation, provide little additional 
guidance. for discriminating among sites.. A summary of transportationcostsis 
presentedAn Table_746., 

Like-transportationsafetY, transportation.cost is also affected. by : 
decisions about the configuration of the waste-management system, such as the 
second repository. The effect of the second repository is considered as 
quantitatively as. possible.,-. 

A favorable-site is one :  that isclose,to the sources oUwaste, is not 
subject to weather that will interfere with access to the repository, is 
served:by existing carriersis, located in. an area. with., emergency-response- ;. 
capabilities, isnot located-neari communitiesthat impose legal impediments to 
transport, and is served bTraiLroutes that. require few.crew.changes. 
less-favorable site has characteristics that. are the converse of-the above 
factors. 

Summary of comparative evaluations  

The Richton sitejs the,leadin&site for-the majorconsiderations that 
address transportation : safety,and the cost of transportation hardliare and . :. 
operations; it is the second most favorable. site withrespect to. environmental.: 
disruption and the cost of the infrastructure. Because of the paramount 
importance assigned to transportation safety,:the:Richton site is the most 
favorable. The Deaf: Smith site - is distinguished from Richtonmainli by-being 
farther from. the sources of:: the waite.,,TheJ Hanford site is less: favorable 
from a nationwide transportation4mrspective. because it ia,the farthest from'. - 

the sourcesH ot,the waste. Local:conditionsatHanford, however, are highly. 
favorable in terms of safety, cost, and environmental disruption.-. Yucca :1. 
Mountain, which is about equal in favorability to Hanford, is far from the 
sources of waste . and wou1d.require majorconstruction.of access:routes., -,Davis 
Canyon is the least,favorablesite_for this . 	it is 
moderately far from.the sources of the waste,;it is not-readily accessible 
because the terrain in ihe area isvery ruggeC Moreover, major construction: 
of highways and railroads is required, and it would cause significant 
environmental impacts.,- 

7.3.2.2 System. guideline on-environment, socioeconomics, and transportation 
)-  

ltanked,second An Importance in-the preclosure system-guidelines is 
envirodmedi,'80Pipeconomics._and.transportetion. _The pertinent system- 
elements_for environment s- _ socioeconomics, and transportation.(10 CFR.    . 
960.544)(2)) will, in geue;44:coueist 0-(1) the people:who may.be, 
affected, including their lifestyles, sources of income, social and aesthetic 
values, and community services;,(2) .the-air t:land o .water, plants,aniMals,Hapd 
cultural resourd0,in theareax potentiallYaffected.by such activities;A3Y7 , : .  
the trapsportation.infraatructurel.a0 (Wttle ,  Poteutiel.mitigatinumeasures 
that can be used to achieve.compliancewith.this, guideline. :  To provide a 
comparative context for understanding, the ; :evaluation, of-  this system guideline 
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in Chapter 6, this section presents .a brief-summary of the evaluation of each 
site in terms of the system elements. 	- 

At Davis Canyon, the level of suspended particulates and gaseous 
emissions will increase during'repositorreonstruction and operation. 	. 
However, the concentrations : oUtotal suspended particulates.(TSP),and nitrogen 
dioxide during allIthases would be below the national ambient air : quality 
standards (40 CFR Part50).- Constructionlighting-may haveaneffect on 
skyglow in:the vicinity of the site; Repository constructionand operation: 
would increase the levels of noise, which may be heard in the-Canyonlands,,
National Park' - It is expected that.direct impacts on cultural-.resources 
during siting andiconstruction!can be minimized. Indirect impacts would not 
result in,ajoss of.significant amounts of cultural: information. 

- - 
The site would not intrude on nearby dedicated lands. Transportation 

access to the_Newspiper:RockState Historical Monument and thefganyonlands 
Nationallark:would be:temporarily.disrupted. No unique aquatic or 
terrestrial:habitat is likely to be significantlyAffecteltby :the : repository.., 
The overall:visual impacts'of the repository would notl)e : significant:away 
from the immediate ,  Nicinity.of-thejepository, exceptialonuUtah-.211 ; and,fromH-; :  
the Davis Canyon Jeep Trail. ,  :The surface facilities would ,not_be-Nisible from 
any scenic viewpOints,or key observation-points.in Canyonlands National 
Park. A repository in Davis-Canyon would, however,-cause a:significant ..-- 
adverseArisual-impact as viewed from the upper reaches of Davis , Canyon in:the 
park. -Each.of thelour alternative rail corridors woul(Lcreate.significant . 
visual-contrast impacts from two-..to three key.observation :points in the area;• . 
none of these is inside the park.  

Cumulative impacts on the. Canyonlands National Park-include shared :  
traffic on Utah 211:(during site characterization),increaied particulates_and, 7 H.  
noise at the edge of the park,- visibility of the site from -DavisCanyonat the„ 
park boundary, skyl=ightness at-night; and the:potential of nearby industrial,. 
development. The.impact of-episodic noise intrusion on solitude in,the park 
would be significant, butof short-duration. ,  During repository - operations, 
all impacts mentioned above will be eliminated or-reduced in-the-sections of 
the park. designated for scenic, cultural, or.solitude enjoyment purposes.,.. 

' 	 r _ 	. 
At Davis-Canyon,-,available-labor supplies within eommuting distance of 

the site are expected to be insufficient-to-meet the requirements of the 
repository. The projected number of persons (workers and families) expected 
to in-migrate into:the area during peak employment ls significant.' This would 
result in significant population.increases in the-rural communities of 
Monticello,7Blanding, and.Moab.5 	. 	

: .„. 

The population increase would require, dditional community services and - _ 
facilities.:11mAeed 'for expanded community services and facilities could 
result in financial: mrdens tollosteommunities:because increased revenues ,  
from projectAndworker:expenditures may not immediately beAvailable to.. 
finance these.capital expenditures. The increased demand for labor could 	_ 
reduce local unemployment but also cause competition and decreases in the 
labor -Available for.other!sectors:of the economy.., Advance community-  
development planning,and financial and technical.assistance can lessen the , : 
impacts onAffected communities. Increasedtax revenues and business : activity 
would contribute to mitigation in_the long term. . : Significant population 	5- - 
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increases would alSo cAUse'soCial changes within communities. Planning-for: .  
additional protecti4e, social, and cultural services can mitigate . these 
changes. 

Some temporary disruption in the existing vehicle-traffic flow can be 
-expected, and some localized inconveniences experienced, during the -
construction of new, transportation corridors'ind the upgrading Of others. 
Depending on the alternative road and railroad routes selectedJor the 
repository and the time of year, some threatened and endangered species or 
their preferred habitats . may be affected. •  The radiological risks of • 
transportation-appear to be small. Estimates indiCate that the maximally 
exposed individual could receive up to 3 percent of the doses delivered by. 
natural background radiation. It may be possible to provide new highway and 
rail routes that will not disrupt local cities and towns. 

At the Deaf Smith site, the local areas would•sustain increases in 
suspended particulates and nitrogen oxide emissions, particularly during site 
clearing and construction: Mitigation measures would limit any significant 
increases of suspended particulates to the immediate vicinity of the site. 
Preliminary modeling results indicate air 'quality can be maintained within 
regulatory standards. Short-term increases in sound levels will occur in 
areas around drilling sites and near truck-mounted generators during the site 
characterization. At the nearest residences, noise during some stages of 
construction could exceed EPA guidelines. Practical engineering measures can 
be used to prevent runoff and ground-water contamination from the - Salt pile at 
the site. Salt-handling and control measures would be used to minimize the 
deposition of wind-blown salt on adjacent lands. 

The site is in an agricultural area that is heavily dependent on 
irrigation. While the repository would represent a water demand on a limited 
resource, the demand is less than that required to irrigate an equivalent 
area. Repository development will divert 5,760 acres from potential 
agricultural uses. The withdrawal of this land represents less than 1 percent 
of the total prime•farmland in the county. Neither the site nor potential 
transportation corridors would intrude on any dedicated resource areas. ,  No 
unique aquatic or terrestrial species are likely to be affected. Structures 
and equipment at the site during siting and construction would be visible but 
not visually atypical of the region. Depending on the distance, the visual .A 

intrusion will range from moderate to high. 

At'the Deaf Smith 'site, employment predictions indicate that the 
available labor supply within commuting distance to the site would 	 be 
sufficient to satisfy repository labor requireMents, particularly during the 
peak employment periods. Some in-migration of 'workers is therefore likely. 
The area seems able to absorb -  the projected population changes without - 
significant disruptions in housing and other community services.- However, 
some increases - in the demand for community services can be expected.• 
Increased tax riVenues . and mitigation: grantt from the DOE will assist in .  
providing required additional Services, 

Thera are several feasible highway and railroad access routes ,  to the Deaf .  
Smith site that doOot irreconcilably:conflict- with Federally protected::: L . 7-  

resourCiareas. :These routes can be designed And constructed with , available 
technology and"will-not require waste -transportation packaging standardi More • 



stringent than existing NRC and DOT regulations, nor the development of new 
transportation casks. A preliminary evaluation of operations over 
representative highways and railroads to the Deaf Smith site indicates that 
waste-transportation operations can be conducted over these routes without 
unacceptable risk to the public or impacts on the environment. Also, adequate 
protection for the public and the environment can be provided during both• the 
construction of the access routes= and during operation over those routes. 

For the Hanford site, no adverse environmental impacts have been 
identified that cannot be mitigated. The site is not within any protected 
resource areas, and compliance with regulatory requirements should not be a 
problem. No federally recognized threatened or endangered species are known 
to use the site as a critical habitat. There are significant native. American 
resources on the Hanford Site, but they are far enough from the repository 
location go that there; would be no significant adverse impacts. 

Projected employment and population growth associated with the repository 
could be readily assimilated by the area. A'technically qualified work force 
(except for miners) is located in the Tri-Cities and surrounding area. _Roads, 
schools, utilities, and housing are all expected to have the ability to accept 
additional people in the area without stress on community services and -
facilities. 

Access roUtes.toAhe_sitemouldhave no undesirable features that would 
require unique design Orconstruction Methoda , or:speCial features•ofi 	7. 

transportation system components, including the transportation packaging. 
Risks to public-health and safety of'proposed access routes would be 
acceptably.loW,. since theseroutes are short andpass,:thrOugh:areas without, 
population.:Me_envirbnmentalimpacts'of transportation-are-expected to be 
acceptably now, since the access routes are shortrand do not7pass'through. 
protected resource areas. Projected risksi - costs,:sind other'impactsof.waste 
transportation have been'considefed - inrepokitory sitingi:and transportation 
operations would be conducted in compliance with applicable regulation 

At:theitichton , site, , the residual air-quality impacts are acceptable' 
because they are:below secondary standards. -  Clearing and construction , _- 
activities'Would'intrease:ambient noise'levelameat the site.. Engineering • 
design and distance:to the nearest, residences in the area will mitigate these 
noise levels to acceptable levels. -. 

The construction of shafts to 'the underground facility would require the 
penetration of aquifers. Engineering safeguards to prevent.threats to this 
water source area recognized necessity. Existing technologyls adequate to 
provide the•eeded protection. 

. 	- 
Engineering measures can be used to prevent runoff and ground-water 

contamination from the salt pile at the-site. Salt handling and control 
measures would be used to minimize the depositiOn of wind-blownealt: -No 
known cultural resources will be:affected by project activities. 

The site-Would not' intrude on any - dedicated land'or'recriationalareas 
Any potential` transportation rights--of-way--that-may be required through land 
under the National Forest System would be sited on existing or abandoned 
rights-of-way, thus minimizing land disruption. 
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No unique ,  aquatic or terrestrial -  spedies are . likely to be significantly . 
affected. The surface; facilities.will be visible to some areas . in the - 
vicinity of the',  site: However,.! the- emplacement is "hot likely. to affect any • - 
existing unique, features. of ' the ares.- ,. 	 - 

At the Richton' ,  site, Employment predictions indicate that . the available 
labor supply' within commuting- distances' to the - site will -  not , be sufficient to. 
satisfy repository labor requirements, particularly during peak employment. 
Some in-migration will therefore occur. 'Job-training programs can provide-
opportunities:of employment 'for area residents,' thus decreasing in-migration. 
The area seems capable of 'absorbing the• projected population change without -,  
significant disruptions:in'housing and,other , community services. t However, 
some increased demand for' community services can be expected. Increased tax 
revenues will be received by =State and local government: The Itown of Richton 
will experience impacts. , ThisTopulation increase would require .expanded 
community services and-facilities and may cause social changes in the town of 
Richton. Advanced' community-development planning can lessen .these impacts. 

Some''temporary -disruption ,  in existing vehicular traffic flow can be. 
expected, and some: localized. inconvenience may be experienced during the 
construction' of new- transportation corridors and upgrading of others. The 
radiological risks of .waste transportation appear to be small. Estimates 
indicate that the maximally exposed individual could receive up to 5 percent 
of the dose delivered.by normal background radiation. Needed new highway and 
rail routes can 'be provided -without - disruption to local cities and towns. 

At Yucca Mountain, the potentially significant adverse environmental 
impacts include, (1) the destruction of approximately (1,608' acres) of desert 
habitat; (2) fugitive-dust emissions from surface preparation, excavation, and 
manipulation•of.spoils.piles; (3) vehicle emissions from waste transport, 
personnel transport, 'and materials transport and the operation of construction 
equipment; and (4)radioactive-material releases during (a) repository - 
excavation (e.g., from naturally occurring radon), (b) normal repository 
operation, and (c) accidents. Potential impacts on surface and ground water 
are considered insignificant, chiefly because there is no perennial surface.' .  

water in the area s, and groUnd water-is several hundred meters beneath the 
repository horizon. A permanent' land withdrawal would be required if the 
Yucca Mountain site is selected for repository development, and the 
reservation of water rights is explicit in such an action. Studies to date; 
suggest that aquifers underlying the proposed locations of the surface 
facilities can produce large , quantities of water <for long periods without 
lowering .the ,regionall ground-water .table.< Other potential impacts, such as 
the diversion of natural- runoff and the leaching of materials. from excavated 
rock, are being considered in the repository design, ,and they ,  are not expected 
to pose significant environmental problems. 

During:; repository construction,: the!. maximum estimated-ambient • 	 ;- 
concentrations of particulates, •carbon monoxide, and the oxides of sulfur: and 
nitrogen are not: expected.,tcy exceed the:air-quality limits of 40.CFR Part ► 5O 
(1983). Assuming the repository is subject to the "prevention of significant 
deterioration": provisional of: the. Clean: Air. Act- Amendments. of 1977.',. the 
predicted: pollutant _concentrations' would - violate none of the. applicable 
standards.. 	•' 	 • 
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Negative Impaots on community serVicesi housing supply - and demand, and 
the finances of State and local government-agencies iwthe:affected" area are 
not expected to be significant fOr repository sitingitonetruction, 
operations, and decommissioning at YuCca Mountain. ., 

The affected area, including the Las Vegas Velley,has the a'bility to 
absorb the repository-related populatIonehanget without_ significant. 
disruptions of community services and without-significant Impactson-housing 
supply and demand. 

Although community-specific. service and housing demands could increase at 
rates proportional to the maximum 1-year COmmunity7population-growth rates 
estimated with the repository, these - rates are,generally-withinthe-range of_ 
those experienced historically by the urban communities:and their municipal 
service providers. ,Because the, unincorporated-towns nearest the. Yucca 
Mountain site have limited capability for community services, the potential 
population growth,in'these communities-would general/y:impact county-wide 
service providers. .These service providers are more likely to,have resources 
for managing growthin addition,, the community-levelgrowth rates estimated 
for the unincorporated : towns-are generally within the'range,of : those 
experienced historically by Nye and Clark COunties.:The ,workforce in 
southern Nevada is sufficiently large to site, construct, and"operate a 
repository at Yucca Mountain. Although an adequate.total work force may be 
available for a repository at Yucca Mountain, the available work fOrce with 
mining skills.would,bejnadequate, and the,available-Oonstruction - work force 
may also be inadequate. :  : A repository .at Yucca"MoUitain : would increase 
employment , and business sales in southern Nevada. .0ommunityiervices and.. 
government revenuesare.likely : to increase. 

For rail access to Yucca-Mountain, a raWlineektendinS'APProxlmatelt 
100 miles from the existing mainline rail facilities gt"Dike'Siding has been 
proposed. This route would be'entirely on wands aciministeredby:the DOE and., 
the U.S. Department of the -Air Force and pUblic4domain lends 'icwIer:the .  
jurisdiction of the Bureau of'Land :Management:: The terrain oVer,which:ther:.- 
rail line would cross is gently slOPing. No - tunnels en&onlyi minor amount 
of excavation,and..fillwould:be:required.-  A bridge woul&be,requiredlit • 

Fortymile Wash - severalmiles east ofjucca,MCuntein.- 	" 

For-highway access, to the proposed site, i . rOutels projected northward 
from U.S.ilighway , 95,:originating approximately 0.5 mile west of the 
intersection of.U.S.Xighway,95 and Nevada State Route.,373../The roadway 
access.woul&be.constructe&onlederally controlled, landS that slope gently 
and would pose no significant engineering problems. No : tunnels and only a 
minor amount of excavation would be required.'I Some minor drainage control 
measuresand a-bridge-spanning_FortyMile Wash mOuld berequired..: . The bridge, 
would accommodate,bottthe,railroad,and trucks. 'Between:Las !eggs. and mercury_ 
U.S. Highway 95 , is ajoUr4ane,divided:highway; it isa"tWo4ine,highway from 
Mercury s to : thesccestrOad:near the•ntersection.of U.S, BighWai-95 and Nevidgv 
State Route 373.,Arequirement:for rsign1ficantUpgrading of "this.  
highwaTis 

The evidence does not support a findin .that.any of theSitesis not 
likely, to-meet - the qualifying condition,fOt.environment,:sOcIoeconCmic, and 
transportation. 



7.3.3 EASE AND •COST OF SITING,* CONSTRUCTION, OPERATION 

7.3.3.1 Technical guidelines  

The four technical guidelines in this group address the surface 
characteristici of 'the site,the:CharaCterieticAof the host rock and' the 
surrounding strati,'IhydrolOgicCOnditions,- , and tectonics.' These' guidelines • 
are concerned with the , ease and cost of sitint,'cOnstructing, operating; and 
closing the repository. 

7.3.3.1'.1 Surface characteristics 

The qualifying'condition for'surfacetharacteristics issas follows: 

The'site shall berloCated-suchlthati:considering the surface 
characteristicSandcOnditiOns of the site and : surrounding area, 
including surface-water.sysiemiland*the terrain, the requirements 
specified'in §960.5-1(a)(3) Canlie met:duritrrepository siting,' 
construCtion,OperatiOn; and closure. 

Maior Considerations  

0n'the basia:OUthequalifiing,' favorable, and'potentialiy Adverse .  
conditions for'thiSguideline:(see Tablef7.40, , there Are two major -
considerations that , inflnente:the.favoribility - of the sites with respect to 
the qualifying condition. These major conSideritions; in order of decreasing:: 
importance, are (1) the potential for flooding the surface or underground 
facilities'anc“2Ythe -OhariCteristics'Of - the terrain. 

Evaluation-of sites in terms'Otthe'malor considerations; 

Potential for flooding surface or . underground facilities. 

This considetation:isderived froM the pOtentially adverse condition. 
is important because the effectS.OtflOoding can be significant design. 
considerations for cost and safety. The potential for,.and the frequency of, 
flooding depend on'the . terrAin and drainage Of:a site . ' Contributing factors' 
are the location.'and likelifiOrid'of.flooding from natural causes at the-surfaCe 
or underground laciiitieeithe failure Hof man made : surface-water impoundthentt, 
and the- failureof engineetedlcompOnents - of the-repository. ,  A summary oUthe-- 
evaluation for eaeh -eite follows.-  

Atthe Davis Canyon site; i4ortiOn 'of the-repository operations area 
lieti.Within the flood piiins -etthe'100year andAheprobable-maximUm flOod. 
There 'are to , AtirfaceWater impoundments whose failure could flood the surface 
facilities, and`ehere are noknOwn;stirface  characteristics•that Could-Cause: 
the failure' Of -engineered rePositOry.compOnents; ; The potentiallorfloodini 
would be reduced by using fill to elevate the site and constructing a lined' 
flood-control channel. 

Parts ofitherDedf-SMith'site.lie in the flood - plains of the 500-year - and* 
the probable maximum flood, but no safety-related facilities would be 
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Table 7-18. Guideline—condition findings by major consideration-- 
surface characteristics" 

	

Davis 	Deaf 
	

Richton 	Yucca 
Condition 
	

Canyon 	Smith 
	

Hanford 	Dome 	Mountain 

MAJOR 'CONSIDERATION 1 POTENTIAL FOR FLOODING OF SURFACE OR 
UNDERGROUND FACILITIES 

Potentially adverse condition' 

Surface characteristics that could lead to 
the flooding of surface or underground 
facilities by the occupancy and modifica-
tion of flood plains, the failure of 
existing or planned man—made surface—water 
impoundments, vr-the failure of engineered 
components of the repository. - 

MAJOR CONSIDERATION 2: TERRAIN CHARACTERISTICS 

Favorable condition li ,  

Generally flat terrain. 	NP 
	

P 
 

P 

Favorablecondition 

Generally well-drained terrain. 

' Key;,.NA 2 not applicable: NP for the purpose of this comparative evaluation, the 
favorable er'potentially AdVerse'condition is nat present at the'site; P 2 for the purpose of, 
this comparative evaluttion,:the'favorable orrpotentially adverse condition is - present at the site. 

b  Analyies supporting the entries.in-this table are presented inthapter_6 of the 
environmental assessment :for each site. 

: !P .. • 	• 
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threatened by either; flood. There are.nwsurface-water impoundments that 
could flood the surface facility, anesurfaCe Characteristics should not lead 
to failures of engineered repository components. Any effects of potential 
flooding would be mitigated by filling during construction. 

The elevation of the Hanford site protects it from the probable maximum .  
flood of the Columbia and Yakima Rivers, including both natural flooding and 
dam7breached floods. A 'shallow probable maximum flood could occur in the 
southwestern portion of the site along the drainage channel of the 
intermittent Cold Creek. The duration of such a flood would be short, and its 
effects could be mitigated to preclude any danger to the workers or to the 
surface and subsurface facilitiei. 

During an estimated probable maximum flood At:thetRiChtOn'Site,the head 
waters of the Fox Branch river couldflood the area_prOposed for ,  surface 
facilities. There are no existing or planned man-made surface-watdr 
impoundments in the vicinity of the Dome.,,,It is assumed that Fox Branch would 

• be diverted and channeled around thee - sUrfaCe facilities and - that grading and 
fill operations would raise the elevation of the site area above the flood 
plain. 

At the Yucca Mountain site, the exploratory shaft would be locatedln.a , ' 
wash within a flood plain that would be affected by sheet and, debris flow. 
.Parts of the candidate locations are in an area that would be affeeted by the 
500-year and the regional maximum floods.. There are no existing or:planned' 
man-made surfacewater impoundments near the site that could flood the - sUrfaCe 
facilities. SoMe.engineering measures. would 	required to mitigate .the. 
impacts of the probable maximum flood; 'The hazards of sheet and debris 
at the exploratory shafts could be mitigated by measures like channel lining 
or diversion. 

Terrain characteristics. This consideration addresses the effects of the 
terrain and drainage characteristics of a site on repository construction, 
operation, and closure. This consideration is derivedlrom the first and 
second favorable conditions. It is less important than the first 
consideration because the characteristics of the terrain are more closely 
related to the ease and cost Of construction than to safety and can generally 
be mitigated more readily than conditions that could cause flooding. 

The contributing factors for this major consideration are the terrain and 
drainage characteristics of the site, the potential for landslides,. and soil 
characteristics. A summary of the evaluation for each site follows. 

The area around the Davis Canyon site is characterized by steep canyons 
and rugged terrain. Though the terrain at the surface facilities is quite 
flat, the terrain through which the access roads and railroad would be. 
constructed is rugged. Existing drainage would be rechanneled around the 
surface facilities during construction. Soils are likely to be well drained, 
with low water retention since their parent materials are mainly sandstones 
and siltstones. 

The surface of the Deaf Smith site is nearly flat, sloping eastward less 
than 1 percent. Topographic features include small, internally drained lake 
basins (playas) and narrow stream valleys that carry surface water after 
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rainstorms. Soils appear to be acceptable for a large grading operation_,;  
during repository construction. 

The Hanford site is surrounded by an area of.generally flat terrain for a 
radius of nearly a mile. The lack of surface-runoff features suggests the 
relatively coarsesurficial,sedimentsAre effective in keeping the.surface 
well drained,and preventing xurface-runoff ;.features.from :developing,north and 
east of the,Cold Preek flood ; plain. 

The Richtousiteis surrounded by generally flat .terrain,-- with slopes of 
3 to 4 percent and locally up to 10 percent.'__- The-soils are generally /well.-: 
drained, though small temporary ponds and marshy areas may form in the area 
immediately after a heavy rainfall. Soils appear to be acceptable for large—. 
grading operations during repository construction. 

At YuccaMoun4iPifotential lcocations.for the surface. facilities are on• :  
the easteru,side Hof.tbe.mountain,,Ail are, generally flat and covered with 
alluvium derived,fromadjacent tighlands : The surface ; slope at : these - 
locations isjess,than5,percent_ and inseveral,placesJess Xhan.3 vercent.:: 
The expl9F8.40;ytshaftfacil4tiis_would be,built iliXbin a  wesh.lhatAs partly 
surrounded-by rugged terraiu,-Yucca•Mountaln,has Liwell-restablished..trainage 
system because,pf its porousalluvial soils and,eastward7Ldtpping slopes. - 

Summary of comparative evaluation 	. 

The most favorable site is-peaf-,Smithwhere only.small,parts of the site 
would be affected by the probable' maximicillood. At Hanford, Which 'is 
slightlyjessjaverable, the prohableAcaximum flood may:reach-portions of the 
Surfacejacilitiesioth : the , Deaf Smitkand,the:Hanford:iites ) haveIlit. 
terrainthat is generally well drained. 

The,Richton , and the Yucca - Mountain sites are'somewhat:lesvfavorable:than 
Deaf Sm#h,411d : gAnford.: At jRichtonsite, the - 
located inthejlood plain nfthellrobable•maximum.flood,but the-10tential 
for floodingcouldbe reducedby diverting the FOX: Branch.stream 
form after a heavy rainfall -because ,: the : site ls - on flatfterrain that is not 
well drained. At Yucca Mountain the exploratory-shaft facilities would be in 
a wash,,that:is.subject tosheet-anddebrivflow:and_surroundedby-rugged 
terrain.-HParts of the candidate locationsrfor. ,the surfaceJacilitiesloarbe, 
within the4lood r Oainsiofthe500-year,and regionalvaximum - floods, Although 
the surfacejacilities would,be,built on flat, terrain, the site is 
draiued  

The,DeyisSAnynn:-siti4s4heJeastfavorable:forthisguideline. .The 
surface faci1ities : at Davis:DanyonyouldThewithin.a,1007yearifidoCplaini,and:: 
the areajs qurr9un4edby:steeP  canyons and:rugged terrain.HAlore-extensive 
engineering, teasuressuch as,chanteling;anddrainage:diversionfNould be 
necessary to mitigate4hejmpactvof a 100-.Year'flood. 	 : 

• 1- ;. 	•,.. 
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7.3.3.1.2 Rock nharanteristicl(preclosure 

The qualifying condition for preclosure rock characteristics is as 
followst 

The'site'shalI beldcated such that (1) the thinkhiS4 and 
lateialextentand• the characteristics And'Composition of thejtost 
rock will be suitable for accommodation of the underground facility; 
(2) repository construction, operation, and closure will not cause 
undue hazard to personnel; and (3) the teqdirementS specified in 
Section 960.5-1(a)(3) can be-Met. 

Major considerations'', 

On the basis of the qualifying, favorable, and, potentially adverse 
conditions:for thig guideline(see Table -7-19), thete are thtee major-
considerations that-influence thn4avotability -  of sites with 'respect to the' 
qualifying condition. In-Orderof'deCteasing'iMpoitinte'these considerations, 
are (1) in situ conditions 1  that Couldlead to safety hazards or' difficulties 
during repository siting, constiddtioni-operatiOni and'closurel (2)-in situ 
conditions-that couliirequire engineering measures' beyond-reasonably aVailable 
technology in the constiuction , of'theshafts and the:underground facility,'and 
(3) flexibility in selecting the location and configuration of the underground 
facility. 

Evaluation of sites with respect= to major considerations 

Safety hazards and-difficulties. Thisrconsideratinn includes in.situ 
conditions:that could lead to'safeti hazards or diffiCultie4 during kepOsitory 
siting, construction, operation, and closure: It-is-related to the qualifying 
condition through concern about safety hazards to workers and the costs and 
technical feasibilit5vOf mitigating difficult conditions and safety` hazards. 
It is derived:ftom:the:Second favorable' condition- and the third, fourth, and 
fifth potentially Adverie conditiont.. Becadie of its concern with-the safety 
of workers, this is the most important of the considerations related , tnthiS 
guideline. A suMMari:of the evaluation for:eich site:follows. 

At Davis Canyoni , the mechanicaiproperties of the salt are such thatio:- 
significant safety hazards from roCkLinstabiiityare expetted. A significant . "-'' 
safety haZard is'thepotential'for:the presence of combustible gas. AlthoUgh 
there is no•direct evidence that such gas is present at the site f eXpetience'" 
in salt mines at other locations suggests that it may occur. The hazards from 
gas can be mitigated by following safety procedures and providing adequate 
ventilation. The 7tequirements-fOr artificial rock support are expected toile 
relatively minor (Only occasional bolting) because of the appaient MastiVendisi-
of the salt and thelack'otnonsaIt,interbedsinth6 hoSt rock. 'AlSo,' the 

 of nny'carnallite'-inthe'salt!should:not reqdiri: increased'artifinial 
support since no differences in rock strength-have been observed:between 
Paradox Basin salt and carnallite during preliminary testing. However, 
maintenance of underground openings may be required because of salt creep at 
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Table 7-19. Guideline-condition findings by major consideration— 
rock characteristics (preclosure)• 

	

Davis 	Deaf 	Richton 	Yucca 
Condition 	Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 1: SAFETY HAZARDS OR DIFFICULTIES DURING REPOSITORY SITING, 
CONSTRUCTION, OPERATION AND CLOSURE, INCLUDING RETRIEVAL 

Favorable condition 2 

A host rock with characteristics that would 	NP 	NP 	NP 	NP 
require minimal or no artificial support 
for underground openings to ensure safe 
repository construction, operation and 
closure. 

Potentially adverse condition 3 

Geochemical properties that could necessi-
tate extensive maintenance of the under-
ground openings during repository operation 
and closure. 

Potentially adverse condition 4 

Potential for such phenomena as thermally 
induced fracturing, the hydration and 
dehydration of mineral components, or other 
physical, chemical or radiation-related 
phenomena that could lead to safety hazards 
or difficulty in retrieval during reposi-
tory operation. 

P P  P NP 

Potentially adverse condition 5 

Existing faults, shear zones, pressurized 	P 	P 	P 	P 	NP 
brine pockets, dissolution effects, or 
other stratigraphic or structural features 
that could compromise the safety of 
repository personnel because of water 
inflow or construction problems. 

MAJOR CONSIDERATION 2: ENGINEERING MEASURES BEYOND REASONABLY AVAILABLE TECHNOLOGY 

Potentially adverse condition 2 

In situ characteristics and conditions that 	NP 	NP 	NP 	NP 	NP 
could require engineering measures beyond 
reasonably available technology in the 
construction of the shafts and underground 
facility. 

MAJOR CONSIDERATION 3: FLEXIBILITY IN LOCATING THE REPOSITORY WITHIN THE HOST ROCK 

Favorable condition 1 
	 n' 

A host rock that is sufficiently thick and 	P 	NP 	P 	P 	NP 
laterally extensive to allow significant 
flexibility in selecting the depth, 
configuration and location of the under-
ground facility. 

&tat 
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Table 7-19. Guideline–condition findings by major consideration— -
rock 

 
characteristics (priclosure)' ' b  (continued) . 	' • 

	

Davis 	Deaf 	Richton 	Yucca 
Condition 
	

Canyon 	Smith 	Hanford 	Dome 	Mountain 

MAJOR CONSIDERATION 3: FLEXIBILITY IN LOCATING THE REPOSITORY 14/THIN 
THE HOST ROCK (Continued) 

Potentially adverse condition 1 

A host rock that is suitable for repository 	NP 
construction, operation and closure, but is 
so thin or laterally restricted that little 
flexibility is available for selecting the 
depth, configuration, or location of an 
underground facility. 

1 

Key: NA x not applicable; NP = for the purpose of this comparative evaluation, the 
favorable or potentially adverse condition is na present at the site; P for the purpose of 
this comparative evaluation, the favorable or potentially adverie condition. is present at the site. 

b  Analyses supporting the entries in this table are presented in:Chapter'6 of the 
environmental assessment for each site. 
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the candidate horizon.. Salt_creepyill gradually reduce the-size of 
underground openings, and, if significant, Tay require reexcavation to 
maintain minimumrequired.dimensions. Salt creep could :be a majorjactoril 
the waste needs to :be retrieved,, because it could cause difficulties in 
maintaining room stability and emplacement holes., ,However, available.: 
information indicates that the salt at Davis'-Canyon :  should have a relatively - 

low rate of creep during the yduration : of the preclosureperiod. 

Altthe Deaf Smith site,:possible safety hazards are the potential, for 
mine-roof instabilities, water inflow down the shaft from aquifers above.. the _ 
repositoryfiand-thepresence of-combustible gas.. Interbedsim the salt aboye.. 
the underground openings may cause,mine-roof instabilities,„ Rock falls can.be 
prevented by Adequateartificial supports. Water .inflow from. overlying 
aquifers can readily be prevented through ground-treatment and shaft-sealing 
techniques.-.-Although there is 	direct evidence thatcombustible.gas is 
present at,the.site,experiencein salt mines at other locations suggests that , 1_ 
it may occur. The hazards .from such gas canbe.mitigated,by following,safety 
procedures and_providing adequate ventilation. : _The only artificial rock 
support required at ,the site is :expected,to be regular rock bolting,- which-- 
will be needed, minimize liine7roof4nstabilities caused .by interbedsim the 
roof. As at Davis Canyoni.maintenance of underground openings mayberequired 
because of salt. creep,- z . Alrailable information indicates that the salt st-the_ .  
Deaf Smith .Bite would 'creep 	a moderaterate during the duration of the 
preclosure 

. 	. 	. 
Xhe :safety.hazards at the Hanford 	.are the potentiallor rock, 

instabilities, large water inflows, high temperaturevin the underground 
facility, and the presence of ; cOmbustible gas,. -Thelligh7stress-conditions and 
high irock.strength of the basalt suggest a possibility for rock bursts, or
other hazardous rock movements. However, preliminarrevaluations indicate, 
that such bursts are not_likely:to occr because of the cleselyjointednature 
of the dense interiors, low extraction ' ratios, and the installation of 
rock-support systems. Regularly spaced rock bolting and shotcrete over wire 
mesh would porobably : bz used. at Hanford: to support the undergroundexcavations, 
but the extent of,peedeciartificial supportS,it uncertain7becauseH OUa :lack of 
experience under similirconditions and a lad: of understanding ofthe 
of thermallk . induced,stress in the, emplacement rooms. : The high underground-. 
temperatures are.not,expectea to cause.a significantdeterioration-of_support 
or instability,14-therock. The basalt should not creep : signifiCantiy,Jtut 
maintenance*  whickistypical.of : deep.hard7rock excavations,willprobably be ; , 
required.-_,The,potential for largewater inflows can be reduced by probing 
with exploratory, boreholesand mitigated through.ground treatment and other , 
methods. Combustible gas may be present as it comes out of solution from the 
groundwater. Although.,theexpecteCquantiWof.gas:is.uncertain,,thehazards 
from the gas can be mitigated by-following safety procedures .  and providing 
adequate Ventilation.:_r-High : temperatures(120,1):in the hostrock.also : posea 
potential.hazard to workers, bUt this,hazardcan,be mitigatedliyjprovaing 
ventilation,proteCtive f clothing,_and artificial cooling., :4herejs 
potential for minor difficulties in waste retrieval if the emplacement holes 
do not remain stable during the retrieval period. 

vrr irrworm. 
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At the Richton eite,"the MechaniCal"propeties of . the salt are=such"that 
no significant safety hazards' from rock instability areexpected. A possible' 
safety hazard is the potential presence of combustiblegas. Although there is 
no direct eVidence 'that gases are'present, experience in salt mines at other 
locations indidatea that 'it may occur. Hazards from gas can be mitigated by 
following safety Orodeduris and providing adequate ventilation. " On the basis' 
of experience with artificial support in salt mines in - the Gulf Coast region,' 
the artificial support required at the Richton Dome is expected to be widely 
spaced rock bolting As with the othee salt sites,-significantthmintenance of 
underground opening& may be required because of salt creep. HoWever,' the 
magnitude of creep-over long time peribds is highly uncertain at the Richton: 
Dome, as it is at the other sites Available information indicates that salt . 
at the Richton Dothe would undergo a' moderate rate-of preclosure creep.  

At Yucca Mountatd, safety hazards' are.limited'tO the potential for rock 
The rock strength of welded tuff And in' situ stresses are favorable.'"- 

However, thelractuied nature of the tuff' could cause rock fall* in 
underground openings..= Faults encountered in the Underground facility may alSo 
contribute to loCal instabilities becanseof the poor quality!of rock , 
associated • with'brecciated fault zonei. The potential for rock falls can be 
mitigated through the' use of apptopriate artificial suppotts.fOr the . 
underground openings.. On' the. basis of pteViout' excavation at the NeVada Test'' 
Site, the expected artificial sUpport requirements at Yucca Mountain are 
regularly spaced rock bolts with steel mesh covering the rock surface. 
Occasional supplemental bolting or shoterete may be required in areas of 
poor-quality rock, but these requirement& are, minimal compared with the ground 
support needed in siMilai underground construction projects, Since- the tuff 
does not creep, little deterioeatibn of the rock and'the artificial support is 
expected because . of time and temperature 'change's. Fractures in the tuff could 
complicate retrieval," especially if:wiAte is emplaced in longhOrizontal 
holes. Such difficulties could be avoided by providing linersfor the 
emplacement holes -. 

Comolexity'of'engineering measures. This consideration includes in situ 
characteristics'and conditionA that could reqnireengineering measures beyOnd 
reasonably available technology in the construCtiOnof'shafts and'undergroundH 
facilities.' The'Complexity of engineering measures -' relates directly"to the 
concern in'the=qualifying condition with technical featibility. This 
consideration' A deiived'from the : Second potentially adverse'condition. 
Although the•intcees of repository.conitruction depends on its'techniCal 
feasibility, the COmplekitY Of engineering measures is Second in impottance to 
the safety of personnel:' A sunmiary of the evaluation for each site follows. 

At DiVislCanyoil,. the Construction of 	shafts and undergrbund facility 
is not expected to require engineering:Measnrei beyond existing technology. 
Shaft tinking,:underground'exCavation,artifiCial'snpport, and.peotectiOn 
against any'pedemPladement!safety haZard4Asuch as gis or brine.pOcketi) - can 
be accomplished with technology that has:been deVeloped:in:the 
industry.. 
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At the DeaVSmith.site, the shafts and undergrOund,facility woultlalso be 
constructed with technologydeveloped in the saltminini industry. However, 
because theOgallala aquifer.lies above the repositOrrat this site, 	, 
stabilizing the ground. for shaftsinking and:providing:iffective water seals 
for the shaft liner would be more difficult. In addition, the presence of , 
interbedsia the repository:horizon would-require additional artificial 	. 	. 
support- in:the undergroundlacility. 

• 

Although the technology:required to construct'the underground facility at. 
the Hanford site is reasonably available, constructing the repository.. hafts. 
by blind hole drillingitat:.the limit of . ayailabletechnology. The shaft.. 
would:he drilled iiran-environthent that:involves:a difficult:combination - of 
depth;:rock'conditions,:ground-water tonditions, , anchstress.00nditions.:.... -  
Because shaft -drilling in equivalent'environments_has not:been attempted, a:: 
reliable:data baseisnotavailable.' Yotential groundrwaterAmflows, 
and high rocklemperitufesrcan.be managecLwith.availableAechnology, hut:the 
combination of conditions could require engineering measures that are more 
extensive than that:usually:required in.underground . construction. 

- 	 • 	 • 	, 	• 	• 	. • 	, 	 • - 	. 	• 	 • - 	 • 	 • 	• 	. 	• 	• . 	. 
At theltichton site, the shafts and the underground facility can :also 

constructed with technology:developed An the salt-mining-industry.:. A number' 
of salt mines have operated in the Gulf Coast region, and the expected.. 
conditions (and the technology to handle those conditions) are relatively well 
known. 

At- Yucca - Mountain; Atte construction of the ,shaf ts and 'the underground:  
facility would not require engineering measures beyond:existing. technology. 
Construction‘ .experience :at the G-tunnel 'on the Nevada ;Test:Site -and An,-other ' 
excavations in:tuff coupled with the .unsaturated-tuff conditions, indicate 
that constriction at 'Yucca 'Mountain,should 'require primed .engineering 
techniques. 	: 	4. 	• 	T': ,  

Flexibility. Flexibility in selecting the depth, configuration, and 
locationrofthe:underground.facility is related AO the , thickness and: the 
lateral extent of the:host rock- =the concern of:the'qualifying'Condition.: 
Derived from the firstIavorable , conditionand.the'first:potentially 
condition, this:consideration is judged to be:less importantthan worker 
safety and -techniCal feasibility. 	summary of the evaluation..forTeach site 

, 	. 
. 	. 

At Davis Canyon, the host,salt bed is expected to offer significant  
flexibility ̀in locating.therepository. •Itt - thickness appears. to, be  
times greater than necessary, and the available host rock .appears to extench 
laterallylor;many kilometers.. -  It also,appearsthat- there.are no sAgnificant-
interbeds;AmpUrities,or . other stratigraphic or structural features..within_: 
the salt bed that7vouldAimitthisIleXibility. ::However,„this evaluation:is. 
based on a limited -database for :the  

At the Deaf Smith site, flexibility is limited by the expected presence ::  
of interbeds.in - thatost salt bed.-Although the 	bed is relatively: 
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thick, theHinterbedajn':the-saltrestriCt'thevertiCal,flexibiiity4or 
locating the:repository.' In contrast, there is extensive lateral 
because the host'iock'appears tOlextend.fol-many kilometers. This evaluation. 
is based on geologicAmformatiOnobtained frOM.boreholes near -.the.'site. 

..) 	_•; 	 • 	, 	, 	: 
The Hanford trite Appearstoofferrestricted vertical butsignificant: 

horizontal flexibility. The thickness of other baaaltiflows'in the area 
varies significantly over short distances, and the predictability of the 
hostrock thickness at Hanford'isAmdertain becaus(eofa.limited data base.:. 

The host salt at the.Richton-site - appearti to offer. significant 
flexibility.- Flexibility ii:greatestiinAhe:VerticalAirectioniimith the salt 
dome extending:for . thousandtHof meters, but thera istsome lateralflexibility.. 
as well Althouevthe:shape of theAome'isrelatively:well knoWn'from: - . 
boreholes and-geophysical_surveyst there is a potential.-forfundetected:and. 
unfavorableinternal - atructuresAnthe dome that could limit flexibility: 

There appears to be• -Significant - vertical flexibility to locate a 
repository at Yucca Mountain, but lateral flexibility may be. limited by minor 
faults, a Shallow overburden1 or site anomalies. The lateral extent'of.-! 
homogeneous hOst rock outside the primary reposItory,area , has not been - 
established. 

Summary of comparative evaluations 

Since Yucca MbunteinAs the most favorable site forthe , -two,most 
important_considerationsi it:is the most favoiable site for the precicisuree, 
guideline on-rock - characteristics:. Yucca Mountain is expected. to have the•A.,H 
fewest- safetylLazards, and it Would require only existing construction 
technology and ninimaLartificial - Aupport.and maintenance: The•limited,. 
host-rock flexibility' does not outweigh . the favorability of the other 
considerations. 	 • 

Davis Canyon is relatively favorable for all the-major considerations,' 
but it is- ess 'favorable than,Iucca Mountain.- Although there is some 
potential for safety hazards and retrieval difficulties,:and some maintenance.:! 
would•be needed,: Davis.  Canyon would 4equireonly existing construction 
technology-and offers'significant flexibility in locating the. Underground-
facility. The salt at Davis Canyon is expected to creep at a slower rate than 
the salt•at:the Deaf:Smith'orthe Richton site. 

• 	_ 	, 	- 
The Deaf Smith site is'aa.favorable or only slightlr_less favorable; than - 

the Davis Canyon site for the major considerations. Because of the presence 	17; 
of interbeds, it may be more'difficult to engineer the repository and maintain ,  

undergroUnd openings and waste-retrieval. capability.: The favorability, of-the 
site is further. reduced by the limited flexibility for' locating tha,! 
underground facility and the faster rate of , salt creep in comparison with the.- - 
other salt sites. 

The Richton site-is generally favorable-for alliconsiderationsi'but.ityia 
less favorable than Davis Canyon for host-rock flexibility and less favorable 
than both of the other salt sites with respect to the potential for 

--- 7  

7-116 . 



combustible gas. Also the salt at Richton is expected to creep at a faster 
rate than the salt-at Davis Canyon. 

-Hanford -is generally less favorable than the other sites-for themost-- 
important considerations (safety hazards and difficulties, engineering 
measures) and more favorable for the least important considerations. The 
potential safety hazards and - the engineering measures required-for 	- 
construction are the key considerationt that.makelanford the : least favorable 
site for this guideline. 

7.3.3.1.3 Hydrology 

The qualifying condition for the hydrology guidelineis as follows: 

The site shall be located such that the geohydrologic setting-of 
the site will (1) be compatible with the activities required for 
repository :  construction, operation, and closure; (2) not compromise 
the intended functions of thershaft liners and seals; and (3) permit 
the requirements specified in 960.5-1(a)(3) to be met. 

Major considerations  

On the basis of - the qualifying, favorable, and potentially adverse. 
conditions for this guideline (see Table 7-20), there are three major 
considerations that influence the favorability with respect to the' qualifying '`  

condition. These major considerations, - in order of decreasing importance, are 
(1) the complexity of required ground.water-control measures, (2) the 
existence of surface-water systems that could, cause flooding of the repositorY' -  
operations tiii,ind - (3) -the availability of 	repotitary . 	- 
construction,'Operation,' and closUre. 

Evaluation of the sites in terms of the major considerations . 

Complexity of required ground-water-control measures. This Consideration' 
includes ground-water conditions that could necessitate extensive and complex 
ground-water-control measures in shafts and drifts during repository siting, 
construction, operation, and closure. It relates directly to the qualifying 
condition by favoring hydrologic conditions that'are compatible with 
repository construction, operation, and closure-and will not compromise shaft 
liners and seals. This major consideration is derived from the first 
favorable condition and the potentially adverse condition. The complexity of 
required ground-water-control measures is the most important of the three 
considerations for hydrology because it has the greatest effect on the ease 
and cost of repository construction, operation, and cloture. A summary of the 
evaluation for each site follows: 
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—Condition' 

	

Davis 	Deaf 	. 	Richton 	Yucca 

	

, Canyon 	Smith 	Hanford 	Dome 	Mountain 

NP NP NP 

OPERATION AND -CLOSURE 

NP NP 

- MAJOR CONSIDERATION-1: COMPLEXITY OF . REQUIRED GROUND-WATER CONTROL MEASURES 

Favorable condition 1 

Absence of aquifers between the host rock 	NP 
and the land surface. 

Potentially adverse condition 

Ground-water conditions'. that could require 	NP 
complex engineering measures that are 
beyond reasonably available technology for 
repository construction, oPeration'and .  
closure. 

MAJOR CONSIDERATION 2:' EXISTENCE'OF' SURFACE-WATER SYSTEMS THAT COULD POTENTIALLY 
CAUSE=FLOODING OF THE.REPOSITORY 

Favorable condition 2 

Absence of surface-water systems that 
could potentially cause flooding of the 
repository. 

MAJOR CONSIDERATION 3: AVAILABILITY OF WATER FOR CONSTRUCTION, 

Favorable condition 3 , 

Availability of:the waterrequired for 
repository construction, operation, and ,  
closure. 

P 

NP 	NP 	NP 

NP 	NP . 	NP NP 

Table 7-20. Guideline-condition findings by major coniideration--hydrologe a  

a Key: NA = not applicable; NP = for the purpose of.this-,comparative evaluation, the 
favorable or potentially adverse condition is nsit present at the site; P = for the purpose of 
this comparative evaluation, the favorable or potentially adverse condition is present at the site. 

. 	. 
b  Analyses supporting the entries in this table are presented in Chapter 6 of the 

environmental assessment for each,site. 
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At the . Davis Canyon slte v rockunitsabove the host rock :and the host 
rock are generally of low permeability. : 	minor aquiferswith limited 
water-producing potential are,present.above.the host rock.. The small.amounts 
of ground water that would be encountered.duringshaft sinking can bereadily 
handled with standard engineering practice. 

At the Deaf Smith site, an-aquifer is present betweenthe host rock,and 
the ground surface. The potential for ground-waterinflows during thesinking :  
of shafts through the High Plains .aquifer,, the unconsolidatedsedimenil above ,  
the repository, and the water-bearing interbeds in the .host salt bedcan : be 
controlled with established technology, such as-pretreatment by freezing.. 
Little ground water is expectedwithin-the repository horizon. 

At the Hanford site, a number of aquifers exist between .the host : :rock and 
the ground surface. :  During shaft sinking, ,ground waierwouldbe,controlled 
with established practices. After construction,seals assOciatedwiththe 
shaft liner would protect 'the shafts and repository. drifts from ground,water 
inflow. The construction of the repository may result in the penetration. of. 
water zones under high hydrostatic head. However, the potential for large, 
inadvertent water inflows dan.be reduced, by probing with exploratory boreholes 
in advance of drifting to locate water zones under high , hydrostatic head. 

At the Richton site, several aquifers.are present,above_the host rock,and 
adjacent to the flanks of the dome . Control .  f groundyater during shaft 
sinking through the sediments above the dome and caprock would require ground 
freezing because of potentially high ground4aier infloWs and the presence.of 
unconsolidated sediments. Little water is expected within the dome. 

At the Yucca Mountain site, there are to:aquifers between the'hoSt:rock. -  
and the ground surface. Because the .  repository.would be located above_ : the :- 
water table, no significant amounts,of ground . water are likely to be 
encountered in the .  shafts or underground workings. 

Existence of surface-water systems that could flood the geologic . 
repository operations area. ,This.consideration.includes ponds, akes, . 
streams, and manmade impoundments that could flood the underground_workings 
during repository construction, operation, and closure, endangering the safety 
of workers and interrupting repository operations. It relates to the implied 
concern.in the qualifying condition with the compatibility ofsurfade7water 
systems with . repository construction, operation, and closure.!' This . 	. 
consideration is derived from the second favorablecondition . and is_considered 
second in importance .  because it is.generallyeasier . to  manage the potential 
for surface flooding than underground ground-water inflows: standard 
engineering measures like dikes and berms can minimize.the potential for 
flooding. A summary of the evaluation foreachsite follows. 

At , the Davisanyon site, Ale area of the surface facilities coula : be ,  
inundated by the 1007year and the probable_maximum floodi„Toreduce tbe risk 
of flooding, the site would be filled in to. an elevation.above the flood, 
level, and control channels would be constructed to divert any flow around the 
site. 
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. 
At the  eaf Smith site, minor flooding' 	within the COntrOlfed•area, 

but thererare no surfaca-witer systenuLthat could flood the restricted arta4 
Although r a small' portion of the restricted area may intercept-the , flood 
of the probable Maximum flOod4: there is considerable flexibility for locating - ' 
surface facilities and shafts to avoid flooding; 

At the Hanford iite, the probable Maximum flood of the Columbia and 
Yakima Rivers would not reach the repository operations area. The maximum' 
flood of the ephemeral Upper Cold Creek could reach the area proposed for the 
surface facifities, but flooding would be shallow and short-lived, and it 
would not pose a significant hazard to surface or subsurface facilities. The 
100-year flood of Cold Creek is not expected to reach the surface facilities. 

The surface facilities at the Richton site would be located on high 
ground that is drained by Fox Branch and a-tributary of Linda. Creek.' The 
present site '' of the Surface-facilities. would .be  modified by'filling in 
low-lying dreaSi'constructing dikes,HOrdiverting 'Streams to:prevent flooding .  
of the surface and- underground 

At the lUcca'Mountain site, each of the candidate' locations• for surfdde ,  
facilities is above the flood plain of the 100-year flood, but parts of these 
areas would be affected by the 500-year flood and the regional maximum flood. 
The prOpoSed eXploratory7Shaft siteiin'CoyOtaWash - may•be subject:to'lbcalized 
flooding and debriiflow. Howevei, the'iMpacts of this infrequent,' localized 
flooding:can be mitigated by engineering measures - like-  channel•lining . and 
drainage diversion. 

Availability of water for repository construction, operation, and  
closure.-  This consideration, relates to the availability of an ample source of 
ground or'surface'water forrepository construction,'operation,.and - Closure. 
It is related to-the concern in thequalifying'condition about the 
compatibility of the geohydrologin setting with'the.ease and cost of 
construction and is derived from the third favorable condition. This 
consideration iivthird.in imPortancebecause,althaugh . it affects the. eise'and 
cost of construction, it hasi'a limited effect on the technical:feasibilitY'of 
construction,' bPeration, and closure. A. summary of the 'evaluation' for each' 
site f011oWt. 

At the.Davis-Canyon site, ample water for- repoSitory development is not 
available in the:immediate vicinity of the aite,'but water could be purchased 
from U*San'JUan-Water ContiervAnCy District. The Water-supply' may be taken 
from the'COibradnRiver south of Potash, Utah,-and piped-22-miles1froM the 
river to the repository site along the proposed raiirbataccess' route. 

The availability of -water at theDeafimith'iite may be limited because': 
the High Plains aquifer could become depleted through normal irrigation use 
within the operatinglitetiMaoUthe repository. Consequently, the underlying 
Dockum aquifer Willbe . avaluited dUring site'chAracterization'to'iletermine its 
suitability44 a supplementary water sUpply. )-  

At the Hanford, Richton,' and Theca Mountain sites, there is ample ground 
water in the immediate vicinity of the sites for repository construction, 
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operation, and closure. There is little doubt that this water vould.be 
available for a repository at these three sites. 

• 
SummaryToUcomparative.evaluation 

Ate . Yucce,Mountain site is the•most favorable sitelor the preclosure • 
hydrology guideline. It is the leading site.forthe mostimportant 
consideration: the repository would beaocatcd.!Wthe...unsaturated:zone,:and 
no significant.amounts.of groundwater are.likelyjo be encountered in. :the 
shafts and drifts.-  There is:also .ample water available for construction, . 
operation, and closure from a source within the controlled area. Although_. 
there is a potential for flash flooding, standard drainage-control-measures 
would protect against such flooding.' Current engineering technology is more , - 
than adequate to handle the hydrologic conditions that are likely to be 
encountered at Yucca.Mountain. 

.. 	., 	• 
Davie.Canyon-iebnly slightly less favorable: or the most important major: 

consideratiombecause'little difficulty is expected:in controlling ground 
water at the site. However,.'there is a potential, for flooding, and water for 
the repository would . have to be.piped in from,the Colorado River, 

r• 
At the.  Richton site,shafts can-be sunk•with standard : technology, but 

ground freetitvwould be requiredAol,conttoLground7water inflow; therefore, 
the Richtonsite'is . less favorable than-Davis.Canyon,and.Yucca Mountain for: 
the most impOrtantalajor-considerationmple water-is:availableJor 
repository construCtion,-.operation,.and closure,Amt engineering measures 
would be required to divert surface, drainage'. 

The Deaf Smith and .the HanfOrd - sitei 	least favorable: or this 
guideline. At the Deaf Smith site, ground-water conditions would make shaft . 
sinking more difficult and.WOuld require:ground freezing.HThere is, also 
uncertainty about_the availability of:ample water.for -the life cycle of the - 
repository. :However, there itqlo potential for flooding within the-:restricted 
area. At the Hanford site,.there is a.potential. needJor-grOund.rwater7-control 
measures that are more complex:and costly than.those•at:the othersites 
There is minimal potential for flooding the surface : or subsurface facilities 
and an ample!supply.ofivater:forconstruction, operation, and : closure,-, 
However, the potential-.complexity. of, the.required ground-water-Control 
measures is.jUdged:!.to,reduct the:ovetalllfavorabilityroUthe.Hanford site 
comparison with Davis - Canyon and, Richton. 

-•! 

7.3.3.1.4 Tectonics-(preclosure).-7 

The qualifying condition5forpreclosure tectonics-is,as,followst 

The site shall be located in : a geologic setting in which-any- 
projected:effects ofexpected tectonic phenpmena.orAgneousactivity:on.7- 
repository construction,. operation, Or closure, will:be such that. the • 
requirements: specified in' 960.5-1(a)(3) 	be lmet, 	- 	4. 

. 	. 

7;421 . 

ifC 	7. 9 4) \ 7 0- 



Major considerations  

The objective of the preclosure tectonics guideline is to ensure that a 
site is not likely to be affected - by tectonic eventa_of such magnitude that 
unreasonable or unfeasible engineering design features would be required. On 
the basis' of- theAualifyini, favorable,' and potentiallradverse conditionalot 
this guideline - (see Table 7-41),. two:Major considetationa are identified that 
affect favorabilitywithreapect to the quarifying:condition,t :(1) the 
potential for earthquake'sround , motionatYthwaite and (2) the potential ,  for 
faulting at the site. TheseYmajOrconsiderations are of about'equal.: 
importance. 

Evaluation of sites in terms of the major considerations  

It is important to note that the third potentially adverse condition is 
not present at any of the five sites (see Table 7-19). The historical 
seismicity in the geologic setting was used as the basis of this evaluation 
because it is representative of earthquake potential for short periods of 
time, such as the preclosure period for the repository. Current understanding  
indicates that a seismic event of larger than historical magnitude is not 
likely (less than about 1 chance in 100) to occur during the operation and 
closure of the repository. This interpretation does not consider earthquakes 
that may be associated with design events or ground-motion estimates (the-- 
second favorable condition and the second potentially adverse condition) or 
evidence of active- faults (the first potentially adverse condition). These ,  
are considered tolbe of low probability. -  However, as'discussed below, the 
evaluation of ground-motion potential (first major consideration) does 
consider the earthquake potential of tectonic structures and faults, and data 
developed for the evaluation of the'third potentially adverse condition. 

The qualifying condition for the preclosure tectonics guideline also 
requires an assessment of the potential for - igneous , activity•at each of ihe' 
sites. On the basis of'preliminary data, igneous activity is not expected to 
cause any adverse preclosure impacts , at any of the sites, and therefore 
igneous activity is not discussed further in.this section.- 

Potential for earthquake ground motion at the site.  This consideration - 
requires an evaluation.of whether strong:ground:motion at the site couldjead --  
to safety haiardsror difficultiestduring - tepositoty sitingconstructiOni' - - 
operation, and closure. It is related directl•tO the concern in the. 
qualifying condition about the effects of tectonic phenomena and technical 
feasibility. It is derived froth the favorable condition and the second and 
third potentially adverse conditions. This major consideration is about equal 
in importance to the expected impact of fault displacement.::: AlthOugh - the 
likelihood of ground motion at a given site is generally higher than the 
likelihood of faulting, ground motion and faulting can both be signifiCant 
design considerations. 

- 	- 
Contributing factors for this-major.donsiderationAncIudelthehistoriCal.; 

earthquake record, evidence 'Of man-induced seiamicity,estimatesrof ground, , ! 
motion from historical ancLman-inducedearthquakes,the cotielation:of 
earthquakes with tectonic structures and faults, and evaluations of the 
effects of ground-motion hazards on design. In addition, the evaluation of 
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Table 7-21. Guideline—condition findings by major consideration -- 
tectonics.(preclosure)• 

	

Davis 	Deaf 
	

Richton 	Yucca' • 
Condition 
	

Canyon 	Smith 	Hanford 	Qome 	Mountain 

MAJOR CONSIDERATION 1: POTENTIAL FOR EARTHQUAKE GROUND MOTION AT THE .  
REPOSITORY SITE 

Favorable condition 

The nature and rates of faulting, if any, 	NP 
within the geologic setting are such that 
the magnitude and intensity of the 
associated seismicity are significantly 
less than those generally allowable for the 
construction and operation of nuclear 
facilities. 

Potentially adverse condition 2 

Historical earthquakes or past man—induced 	NP 	NP 
seismicity that, if either were to recur, 
could produce ground motion at the site in 
excess of reasonable design limits. 

Potentially adverse condition 3 

Evidence, based on correlations of earth— 	NA . 	NP 	NP 
quakes with tectonic processes and features 
(e.g., faults) within the geologic setting, 
that the magnitude of earthquakes at the 
site during repository construction, ' 
operation, and closure may be larger than 
predicted from historical seismicity. 

MAJOR CONSIDERATION 2: POTENTIAL FOR FAULT DISPLACEMENT AT THE REPOSITORY SITE' 

Potentially adverse condition 1 
. 	. 

Evidence of active faulting within the .  
geologic setting. 

NP NP NP - 

NP NP 
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ground motion depends.on the evaluation. of potential surface, faulting in the 
geologic setting. The potential for groUnd motiongenerally increases as the 
potential for faUlting near the site increases. However, the ground-motion 
potential from all Saimaa -genic sources cannot be evaluated - individually: it --  
must be considered collectively to accurately evaluate the potential for 
groUnd'Motion and associated uncertainties . A summary of the '  valUation for 
each Site - fallowS.--' 

• At Davis Canyon, the estimated ground motion is not significantly smaller 
than that generally allowable for nuclear facilities. These estimates are, 
based 	the assumption that the maximum earthquake, which has a magnitude of 
6.5, could occur at Shay Graben, the closest (10*les), Significant StructUre:,, 
in the geologic setting. Ground-motion estimates associated with these faults-
are moderate compared with design values for nuclear facilities. Since•979, -  
microearthquake monitoring has detected no seismiciiyat,thesite. However '  
events with a magnitude of up to about 3.0 have occurred in the Paradox 
Basin. Although the seismic hazard appears to be low, the record of 
seismicity is limited. Man-induced seismicity may be occurriaeat - one 
location in the Paradox.Basin,'but it is not firmly:established. Estimates - of. 
ground motion will remain uncertain until the faults near Shay Graben and the 
Needles area and the potential for man-induced seismicity at ,the site are 
fully evaluated. 

At the. Deaf Smith site, there appear to be no Quaternary ;  faults. in the, 
geologic setting, and the known faults are not associated with recorded 
seismic activity. The site has a very low potential:for-induce&seismicity. :  
Predicted ground motions are significantly smaller than those generally 
allowable for nuclear facilities. Quaternary faulting(i.e., the Meers fault) 
outside the geologic setting appears to be present along the Amarillo Uplift."  
Study of the Meersfault_to determine its tectonic : characteristics and , 
earthquake potential may influence mialuationiSof the'portion of the Amarillo 
Uplift in the Texas Panhandle. This may effect estimates of ground motionfat -
the site, although the distance . 	the uplift is more than30 miles. On the:,. 
basis of a qualitative understanding of present conditions, projected ground 
motions are well below the level that is likely to cause significant damage to 
underground structures. 

At the Hanford site, potential ground motions are not significantly 
smaller than those generally allowable for nuclear facilities. Howeveri the 
ground motions associated with possible Quaternary faulting in the vicinity of 
the Hanford site are within reasonable design limits for nuclear facilities. 
An earthquake record of over 100 years shows the historical seismicity of the 
Columbia Plateau tp be low to moderate. This is consistent with data from 
seismic monitoring initiated in 1969. Recurrence rates for moderate 
earthquakes (of a magnitude greater than 6 to 6.5) appear to exceed 10,000 
years. Earthquakes are not currently associated with mapped geologic 
structures, nor do hypocenters align in a manner suggesting that there could 
be unmapped buried faults in the Pasco Basin. The impact and the likelihood 
of potential earthquake swarms at the repository site have not been 
determined. Although. uncertainties exist, it is expected that the effects of 
subsurface ground motion can - be mitigated by existing engineering measures. 

At the Richton site, ground motion is expected to be significantly 
smaller than that generally allowable for nuclear facilities. Studies to date 
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geologic setting. 	. • 

provide no evidence of active faulting.during the Quaternary Period and no 
association of :known faults with recorded seismic events within the geologic 
setting. The site is in an area of.-extremely low earthquakejrequency, and 
there is little potentialfor.induced seismicity. , The nearest known 
earthquake epicenter is 45 mdles away... On the.basis of a qualitative 
understanding of presentconditions, predicted ground motions are well below 
the level that could cause-significant damage to underground structures. 
Uncertaintyjn:estimates of ground motion is:considered_to be relatively:low c : 
primarily because the siteAslocated in a region with a very low.level of 
historical.seismicity. However, there is some uncertainty about the southern 
extent:of the New-Madrid faultzone. This would likely-resultAnniore 
long.periodinotion.than,shaking from a maximum earthquake in the sites: 

.0n-the basis of current Anowledgei there is large uncertainty.i.nAhe 
evaluation of potential ground motion at tht Yucca Mountain site. Data on the 
age of the last movement,the'totaLnmount.of movement during.the Quaternary 
Period, and the extent oUfaulting within 1 .to 5 kilometers orthe site are 
limited, and the assessment of-ground motion .is preliminary Itis.premature: 
to place much confidence in estimates.of ground-motion until. a more.complete . . 
assessment canlemade of the extent of faulting near the site tumi:oUthe 
appropriate assumptionnfor such parameters as fault length, fault 	. 
displacement, attenuation relationships, and earthquake-potential. _ The brief 
historical seismic record at Yucca Mountain shows no earthquakes that have 
produced damaging ground motions,.and current:estimates of. recurrence • 
intervals for large earthquakes (greater than magnitude 7.0) in the•geologic 
setting exceed about 25,000 years. Although estimates-of•ground motion for:: 
the surface and subsurface .facilities are not expected to be significantly 
smaller. than for other nuclearfacilities,reasonablravailable•technology is 
expected to be-snfficientito - accommodate the seismic design requirements. 
These requirements would be established during site characterization.H This 
judgment is based on current knowledge of faults near the site. The maximum 
acceleration from ground motion induced by.linderground nuclear; explosions is 
less than that from natural earthquakes..- The reader-is-referred to Chapter 6 
of the environmental:assessment:for Yucca Mountain for a . description:of the 
approach to be used in,establishing:the.appropriate seismic design. 
requirements. 

Expected: impact-of-, fault - displacement at the-repository site.:  This-
consideration.requires an assessment. of fault-displacement . potentialAhat 
could.lead to safetyAhazards:orAifficultiesduring repository siting, 
constriction,:operation,and-closure. It as related.irectlytolthe concern 
in the qualifying. condition abouttechnical feasibility and, he effects of 
tectonic phenomena. , It•s-derived -from:the - first potentiallyndverse 
condition and is equal in importance to the first major consideration. 
Although the likelihood of faulting at a site is generally - lowerthan the 
likelihood of ground motion, the need to design for fault displacement can. 
have a significant,effectonthe site's favorability. •Successful construction 
experience wherelaultdisplacement conditions exist is:anAmportanti 
contributing factor:to favorability.' Contributing factors for this major :  

considerationnreAhe evidenceand-location.of, and rates:Of.movement-on, 
Quaternary faults in the geologic setting. A summary of the evaluation for 
each site follows. 
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In the Paradox Basin, Quaternary faulting is suspectedAn the vicinity of 
the Davis Canyofi:site at both Shay Graben and the Needlei fault zone: 
However, additional data are needed to determine whether these dieplacements 
are seismogenic or related to gravitational sliding, salt flow, or Salt: 
dissolution. These faults do not trend toward the repository'operations area, 
and there is no known seismicity within the site boundaries. Thus, no:impact 
is expected•from fault displacement at the repository site. There is 
uncertainty associated with thiS conclUsion because of the posiibility•that: 
mining the repository could induce seismicity at the site. 

Since no active surface faulting of Quaternary age has been recognized in 
the geologic setting of the Deaf Smith site, there is no - expected impact from 
fault displacement. The geologic'setting has experienced little or no 
tectonic activity during the Quaternary Period. .The Meers fault, which 

o appears to show evidence of recent :activity, is outside the geologic setting. 

Quaternary faults: have been identified within the geologic setting of the 
Hanford Site, but they do not intersect the repository lacation.'ActiVe' 
faults are not known to be present:at the site. Since the site is away from:7' 
areas of known or suspected surface faulteand there is'no significant 
seismicity within its boundaries, no iMpaCts from fault displacement are 
expected. There is uncertainty associated with this'conclusion because the 
potential effects - of:earthquake swarms on undergroUnd facilitieS are unknown. 

Studies to:date proVide no:geologic , evidenceof Quaternary faulting in 
the geologic setting of the Richton'site. Growthfaults,'which are not 
generally associated with seismicity, may occur in the Mississippi salt 
basin. However, because the Mississippi salt basin is not,Consideredto 
contain areas of active Subsidence:and is isolated - from the area'of'the Gulf,: 
Coast that is associated with growtivfaults-in the Wiggins Anticline, active . - 
growth faulting - is not expected. 

There are uncertainties in the data on the age of last movement and the 
total movement of faults at and near YOcca Mountain during the Quaternary -
:Period. Since the area has been mapped and studied in sufficient detail, it 
is unlikely that.major fault zonesiare undetected.-2New data may indiCate 
1 centimeter of fault displacement in the eastern Crater Flat area more 
recently than about 6,000 years ago. Estimated recurrence intervals for large 
earthquakes (magnitude 7.0or greater) associated with surface faulting appear 
to be long,(onthe , order of 25,000 years). Only minor seismicity has been 
detected near the'site. These conditions suggest that the potential for fault: 
displacement atthe site is low during:the preclosure periodt:thus,there are: 
no expected impeCts from fault displadement. Existing seismic designL 
technology can accommodate'small amountsiOfeurface displacement if necessary. 

Summary of.comparativeevaluation 

The:Richton site -,is the.mostlavorable for the preclosure tectonics: 
guideline. It islOcated in's-region of extremely low ground'motion and 
seismic hazard. Ground motion at the'site is likely to be accommodated by-'- 
reasonably available technology. • No seismogenic faults have been identified:- • 
in the geologic setting: 

7-126 

70 	g 	it 	99% 



The Deaf Smith.site.is'similarto,theRichton site for the two major 
considerations, except fora slightly;  aigher potential forground-motion 
impacts.from the.Amarillo Uplift, which reducevits , favorability. No 
seismogenic'faultsJaave been identified in the geologic setting, the 
ground-motion potential for the region,is low, and.ground s motion at the site 
is likely to be accommodated with existing technologies. There is some 
uncertainty in'the potential forground,motion,primarilybecause i the impact 
of earthquakes on the Amarillo Uplift,xequiresadditional study. 

The Davis Canyon and the Hanford sites are favorable-with respeci to the 
potential impacts of fault displacement. However, estimates of ground motion 
at both sites are-uncertain because of Quaternary Period faults in the 
geologic setting and the potential for earthquake swarms at Hanford and 
man-induced seismicity at. Davis. Canyon. Although current'estimates of ground 
motion for both sites are considered moderate, the seismic record 
qualitatively indicates that the seismic hazard for these.regions is low. At 
Davis Canyon the closest,known potential seismogenic fault is about 10 -miles 
from the site, but this fault would not intersect the site. 

At.Hanford, the closest potential seismogenic faults are 6.2 to'.7.4 miles 
from the site, but they,,too, would not intersect the Hanford site. 

Yucca Mountain is the least favorable site for both major 
considerations. A qualitative understanding of faulting near the site 
supports the conclusion that individual faults have long recurrence intervals 
(on the order of 25,000 years:or more),forlarge earthquakes (magnitude 7.0 
and greater). There are uncertainties with respect to the age of the last 
movement and,the totaljamount of Quaternary movement on faults within 1 05 
kilometers the site.: Although estimates of ground motion.-are preliminary, it 
is expected that available technology could accommodate likely ground motion. 
Final estimates of ground motion will depend on the outcome of further seismic , 
evaluations and the full assessment of nearby faults. 

7.3.3.2 System guideline on the ease and cost-ofositing, construction  
operation, and closure  

The third preclosure system guideline is ease and cost of siting, 
construction, operation, and closure. The pertinent elements. are. (1) the site 
characteristics that affect siting, construction, operation, and closure; (2) 
the engineering, materials,':and , services,necessary to conduct these 
activities; (3) written agreements between the,TOE and affected States:and 
affected Indian tribes and the Federal regulations that establish the 
requirement,forHthese activities; and (4) the repository. personnel. at-the site 
during siting, construction, operation, orolosure. It is third in importance. ,  
because it does not relate directly to the health, safety, and welfare of the 
public or the quality to the environment. A summary of the pertinent 
characteristics of the host rock at each site and estimates of the 
engineering„materials,:services,.and personnel costs are,presented below for 
the salt, basalt, and-tUffxites.. 
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'All salt sites. 

The major:Cost'cOmpOnents identified ia .Table'7-22 are defined below- 

Total life-CYCla'ioit'eatiMatei* -46e'ilrepositOri'in'bailaW(the Hanford' 
site), salt'(the'DaviA'Cankoni:Deaf'SMithiand RichtOn sites),':and:tuff'(the' 
Yucca mountain'site)-ire:Shownin:Table - 7-42..' .  These estimates-were developed 
as part of the,DOE's annual evalliationHof'iheideqUacy of'the . fee(1;mill'per 
kilowatt-hour)-paid into the` NUClear WasieFund-fOr ditposal!servicet ancUdo- - 
not represent final 	 More.defiPitie estiMatet:will be 
completed'when'thoredetailed.designs-An&titeChataCterizatiOndati:become ,  
available. The salteost estimate WasbaSed'on , designparameters that4re 
representative of a genenic salt site. Therefore, this estimate does not take 
into account site-specifiedifferencet'that'exist at each salt site. 

r 

'Table 7-22 Repository cost estimates 
(billions of 1984 dollars) 

Site 	D&E 	Construction 'Operation 	DecomMissioning 	Total ' 

Basalt 1.5 2.3 8.3 0.2 12.3 
Salt a  1.8 1:6' -4;9 : 0:2  — 
Tuff 1.5 ' 

• Development-and evaluation (D&E):  Includes costs,  for•all - activitiesi" 
excludialgfitialdedignand construction,-that are COnducted,before . ' 
repository operaticin.': ,  These activities include site chiraCterizatioi, 
conceptual and license-apPlidatioa 	 and technology 
development. 

• Construction:  Includes costs for final design and costs for the 
construction of all surface facilities and a limited number of underground 
waste-disposal. rooms And corridors. . 

• Operation:  Includes coats for the construction of most of the underground 
rooms and corridors:and -  costs for the operation of the'surface•an& L .  
underground facilities. - 

, 

• Decommissioning:  Includes coat for the 'deContaminatiotiand .- 
decomMissioning"of-thelaurfacafacilities.: 

,-------m---.. 
• Total: leptesents the total life-cycle 'cost for a geologic-repository andz 

includea-the , SUm.offalf the above'costcompanents. 

• 

*U.S. Departmenrof Energy, Analysis of- the'-Total System LffityCle Coat 
for the Civilian Radioactive Waste Management Program,  DOE/RW-00244-  
Washington, D.C., April 1985. 
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Salt repository 

The uncertainty that has been assigned - to these estimates is based on 
engineering judgment and is +35 percent of the total cost of the facility. 
This, coupled.with:s.:10 to 40 percent contingency :already.bUilt into the 
estimates, reflects the accuracy4Jf preconceptual design:from which the.costs 
were derived.  The exact contingeney -used depends on the complexity of the 
design of specific - repository.facilities or:processes. 

Host-rock depth. The horizons of the host rock at the Davis Canyon,:Deaf 
Smith, and. Richton sites are 3000, 2,700 and 2,100 feet below the surface, 
respectively: The horizon assumed for the generic salt cost estimate ,is3000 
feet below the service. This is a relatively deep horizon when compared with 
other siting alternatives. ,  

Rock conditions and tunnel-.stability:  At the Davis Canyon and Richton 
sites, the artificial rock support required is expected to be minor (only 
occasionatrock bolting) becaUse nUtheepparent massiveness: of:theealtand 
the absence ;of nonsalt interbeds in the host rock. However, .significant :,--- 
mainteniece may be required for underground openings because of salt creep. 
Salt creep will ,gradually_reducethe size oftheunderground.openings, and 
reexcavation of the openings, will be required to maintain the minimum opening .  

dimensions. 

At the Deaf Smith.-site; the potential for roof instability is :due to the 
interbeds -that would exist:above the underground openings.: Rock falls can be:. 
prevented by adequate artificial support (regular-rock bolting): - As with the 
'Davis Canyon and the Richton sites, significant maintenance may be.required. 

The in ,situ rock' temperatures for each of the three sites are as 
follows: 34-43°C 193-109 °F)lor Davis Canyon, 27°C (81 °F):.for Deaf 
Smith, `and 50 °C (122°F) for.Richton site 

The rock conditions assumed for the salt cost estimate include good 
tunnel stability, like those of the Davis Canyon and Richton sites, and 
favorable in situ rock temperatures similar to the Davis Canyon site. 
Reexcavation is assumed to'be - necessary to , maintain the underground openings 
at all salt sites and was therefore assumed for the cost estimate.±These 
parameters were selected to be representative of a generic salt site. 

Ground-water conditions. At the Davis Canyon site, one minor aquifer is 
present above the•lost rock.. . 	small-amounts of ground water (28 gallons 
per minute) that would be encountered during shaft sinking can be readily 
handled with standard engineering practices. Little water is expected at the 
repository horizon: 

At the .Richton site s several7regionalaquifers are present_above the best 
rock and adjacent' to the flanks of the dome. Ground-water control during '  

shaft sinking through the above-dome sediments and caprock would require 
ground freezing because ofspotentially high ground-water inflows. (1,700' . ..._ 
gallons per'minuteYand unconsolidated Sediments above the salt dome.', Little 
water is expected at the repository horizon the doMe. 
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At the Deaf Smith site; there are aquifers between theltost:rock and_the. 
ground surface, The control of water while sinking shaftt through thete 
aquifers and waterbeating interbeds within, the evaporite section.can be 
accomplished with established technology. Potentially high.ground-water 
inflows (1,400'gallons per Minute) . and unconsolidated sediments. above. the. 
repository require pretreatment by freezing to allow shaft:sinkinuithrough] ,  
these sediments. Little water is expected within the repository horizon. 

The salt cost estimate assumed that only small amounts of water would be 
encountered during shaft sinking (similar to Davis Canyon) and at the 
repository horizon (similar to all three salt sites). These conditions were 
assumed to be representative of a generic salt site.- 

Gassy conditions.  Although there is no difect evidence that toxic gasis 
present at any of .the three salt sites, experience is salt mines atother 
locations suggests the possibility. The hazards from such gaS:can be 
mitigated through safety procedures and adequate ventilation. These gassy 
conditions have been assumed in the generic salt cost .  estimate.  

Subsurface conditions.  ,Although_specific salt sites may have-certain 
subsurface conditionS that are less favorable than others, on balance, it was 
assumed that mining will be. conducted:in a relatively good' environment. This 
assumption was based on the. subsurface conditions discussed above for: the. 
generic salt site.' 

Ventilation requirements.  The ventilation requirements for salt can be 
described as moderate in comparison with basalt : and tuff. Ventilation 
requirements are. higher!than those for tuff because of the. deeper repository 
horizon and gassy conditions, but. not as 'high as those for 

Waste-package costs.  The design for the waste package is determined by 
subsurface conditions.. The salt waste package consists ofia.thick,-walled' 
carbon-steel container and an internal. canister .  assembly. The internal•. 
canister assembly segregates fuel rods into compartments for the•consolidated 
spent-fuel design, whereas a spaceftame is used for the unconsolidated 
spent-fuel design. , No , external packing is assumed. The waste-packages . 
assumed for the-generic salt cost estimate are as follows: 

Unconsolidated 	Consolidated 
Parameter spent fuel spent fuel 

PWR/BWR ratio 	1/2 	12/30 
Number of packages 	4,600 : . 	12,200 
Material 	Carbon - steel 	Carbon steel 

• 
The total cost for the fabrication of all waste packages for a , saW 

repository is $0.7 billion. This cost is lower than that for both tuff and 
basalt.because salt repository emplaces. significantly fewer. waste.packages': 
than either tuff:or basalt. 

Excavation quantities.  Given the,wastepackage requirements,_-the, 
excavation,requirementscan be calculated. For the cost estimates used.here, ,  
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it watiassumed that:about722.million-tons,of salt•will be excavated: This 
includes 4 million tons of saltreexcavated,because-of creep. - :  The total 
amount'extavated,is.higherthan thatlIssumedLfor basalt and :  tuff. 

Mining method. The generic salt cost estimate assumed that a mechanized 
mining technique will be used.to develop the underground facilitiessing :  
this technique, mining is faster than mining bytheconventional 
drill-and4laSt technique,-whichiis.used for:harder rocks like tuff•and basalt. 

Mining rate. The mining_rate:forsalt:can becharacterized az"fazt: 
average." This rating is due to high mining productivity (tons per 
man-shift),:whichAvthe_resultof the following; 	H- t  

• The:relative -softness ofAherock. 
• The stability:of the underground openings. 
• Small quantities of water underground. 
:41A,ow temperatures. 

- • 
The productivity for salt'is.13.3 , tonsper man-shift.. Salt-has,the  highest 
productivity of all sites considered. 

Underground-facility construction ease. :The construction ,  of the 
underground facilities will be easier at a repository located in salt than a 
repository located in basalt or tuff. This conclusion is based on the 
information previously presented which discussed the less difficult mining _ _ 	_   
conditions associated with the salt repository. 

'.Staffing levels:and labor rates.'_ -Given the mining conditionsexpectecl,a 
the_generic salt site assumed for the cost estimate, staffing levels for the 
underground development can be estimated. The staffing leveli - (in fuliztiMi - 
equivalents) for the emplacement period are as follows: 

Surface 863 
Underground 252 
Total 1,115 

These estimates are low when compared with other siting alternatives and 
result from the Morelavorable mining. conditions expected at the salt sites. -:,.-- 

Salt hag the lowest labor rate ($28.50 per hour) of. the Sites 
considered. Vilen combined with the low staffing levels assumed for salt, the 
labor cost:fat gait is expected to be IOW. -  

- 	,  
Undergroundlacilities-costs.-:. Assumingth000nditions described. above, 

the total (construction, operation, and decommissioning). cost-ofthe.. ; ,_ 
underground facilities for a salt repository 	$2.2 billion. This is 26 
percent Of the total cost of $8.5 billion shown in Table 7-22. The remaining 
$6.3 billion consists of $1.8 billion for development and evaluation, 43.8 
billion for surface facilities, and $0.7 for waste packages. The undergiOad 
facilities :cost for salt ($2.2,billion)riclower than ;that; 	other-sites. 

Operation :duration and backfilling. „:The 	salt,repositozyls-331- 
years long. It consists of a 27-year emplacement period, a 23-year caretaker, 
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- 'Table 7=23. Cost estimates fore salt., repository_ 
• (billions,  of 1984 dollars) 

period, and a 3yearf -backfiWPeriod; 13ecauteTsilt hat the ,  shortest.7.-backfill• 
period - of all the sites Considered,:salt alscrhas;the shortesCoperating: 
life. The short operating phase, coupled with:the low.laboecostresultssin 
low operating costs for salt. 

Operating cost. The Operating - costjor'a repository in salt is ;  $4:9,:+. 
billion. This is 58 .  Percent oUthe'total cost - of $8.5-billion4nd is7clearly 
the largestportiod of the 	cost.- The•remaining:43.6 , bilIion-- 
consists of $1.8 for development and evaluation, $1.6 billion for 
constructionand $0.2 billion for decoraniissioding.,• 

Most of the operating costs are associated with:the operationof:the - 
surface facilities. Of the $4.9 billion operating cost, $2.9 billion is for 
the operation of the surface facilities, $1.3 billion is.fdrundergrOund 
development, and $0.7 billion is for the fabrication•of the waste packaget; 

Total facility costs. Table 7-23 presents the total facility costs.for - a 
generic salt repository. This table summarizes the costs mentioned in this 
section and is consistent with the costs shown.in=Table'7-22. 

Cost: 
category D&8 ConstructiOn: -Operation' ,  PetOmmissinning ''.Total 

D&E 1.8 0.0 0.0 0.0 1.8. 

Surface ••••■ 0.8 2.9 3.8 

Underground -- 0.8 1.3 0.1. 2.2 

Waste 
packages- -- 0.0 0.7 0.0 	: O.7 	• 

Total 1.8- 1.6* 0 . 2•••.:1 =8.5 

• •;: 	I 
The total facility cost for,salt is the same as for tuff and lower than 

that for-baSalt-This is due mainly tnithelower undergrouud.noSts resulting 
from favorable silbsUrfaceconditioni. r • 

Basalt repository: - • 	< . 
- 	 , 

, Hoit=rockdepth. TheAnteriovpf the. dohiesett flow has been selectect:As5.: -  
the preferred candidate horizon for the basalt repository. The horizon is 

below 
sites eonSidered: 
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Rock conditions and tunnelstability.• •rhe basalt _at, the Hanford site is 
a physically and chemictlly stable rock that will be little affected by 
repository conditions. The rock is fractured. Heat-induced and rock-matrix 
fracturing are expected but will be minor and will not create a safety hazard. 

• 

High stress conditions are associated with basalt. This suggests that 
artificial support would be required for repository construction, operation 
and closure. This artificial Support is not-considered minimal and will •• 
consist of rock bolts and 'shotcrete over wire mesh.' This support is needed to 
control instabilities in the rock caused by stress. ..An example of a 
stress-induced instability is rock bursts. However, rock bursts are expected 
to be mild because of the low extraction ratio planned for the repository 
excavation and the closely jointed nature of the dense interiors. Rock bolts 
will use thelligh strength of basalt to control rock bursts or other 
deformations. 

Basalt should not creep significantly, and therefore, maintenance of the 
underground openingS will not be excessive. 

The rock temperatnre in the Cohassett flow is high (51 °C, or 124°T) 
and is a potential hazard to the health of the personnel working underground. 
A ventilation system that provides a continuous, acceptable working 
environment , inst,be installed'it the•basalt repository.' The 	of, 
temperature are not expected to oause'significant deterioratiOn of'suPport or - 
instability of the rock. 

Ground-,wtter'conditions. .AqiifersAire present between the Cohassett flow 
and the-land surface.-'Ground-water infloW into the repository is high and Is 
estimated 1 to.be:about100 gallonS per minute. AA,/Orst-caseistimatewould be - ' -
as high as 3,400-gallonsrper minute, but'this is vonsideredunlikely.' 
potential for these large water inflows can be reduced by drilling exploratory 
boreholes before excavation to identify any zones of abnormal water production. 

During'thaft sinking,and the' construction of the-underground facility, 
ground-water will be . controlled byestablished practices: 'After construction,. 
sealsassociateewith the shift liner would protect the:shafti and the' 	• . 
repository;driftsfrom4round=water inflow. 

Because the rock temperature is high, it is expected that the water 
temperatuie'vill'aliobe high. frhere , is also the potential for water.-to enter 
the repository-underldghPzetsurec  

Gassy conditions. Methane gas is not indigenous to basaltic rock. 
However, methane could occur in the underground openings because it:tiight be 
introduced with any water inflow. A way to.Minimize'the potentiil.for methane 
entering the underground facilities is to control theiwater'inflow into'the 
repository. Ventilation will be ziquiredAo control'theconcentration:Of any 
methane present underground. However, because of the limited amount Of gas 
expected underground, gassy conditions were not,tisumed forthe basalt cost 
estimate. 

Subsurface conditions. Mining will be conducted in a . diffiCult -,  
environment because of the conditions discussed above. 
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lrentilation , recuirementai„- The,ventilationrequirements forbasaltare:1 
higher than those for salt:and tuff because of thwdifficult subsurface 
conditions described above. ,.-- 

Waste-package costs. The design for the waste package is determined by 
subsurface conditions.- : The basalt waste package consists of a thick-walled 
carbon:steel containe•!and,an external packing assembly. 'An ,internal. 
spaceframeAs included for unconsolidated spentJuel. The external packing! • 
consists, of a mixture of basalt and,bentonite. The waste-Tackage'parameters,. 
assumed for the cost estimate are as follows: 

Unconsolidated 	,Consolidate& 
Parameter. T-- 	- spent fuel-! 	spent- fuel  

PWR/BWR ratio 

Number of packages 

Material . 

4/9 

38,800 

Carbon steel . Carbon steel 

The total-cost - for.the.fabricationiofrall basalt wastaipackages is $1.1 
billion. -This. cost is high because.thelmsalt repository: emplacea more 
waste-packages than any of the other sites. 

Excavation quantities. Given the waste-package requirements c fthe 
excavation requirementscan,be calculated ,..l'orthe cost-Jestimates-Usedhere,: 
it watvassumedthat about 19'million tons-of basalt will belexcavated. This 
quantity is higher than that:al:Burned for: tuff,. butioweithan that assumed for 

Mining method. The basalt design assumed that the conventional 
drill-and-blastexcavationtechniqu&milLbe-usedto develop:the underground: 
facilities . This technique-is-particularlr.suited tO:the subsurface 
conditions foundat - Hanford.For example, this technique is required-because 
basaltic rock is very hard. However, the basalt:mining method is slowerjhan 
mechanized mining. 

Mining-rate,.., The mining,rate for basalt can be characterized:as "slow._ 
average." This rating is due to a low mining productivity • tonsfper :  
man-shift), which is' the result of the following: 

• The; hardness ofbasaltic ,..rock 
•_,-,4te,depth:of the repository.horizon. 
• :.-;.The high,:stress ,:conditions. 	. 
• The presence 'oUlarge,quantitiefuof:water 
• High.  temperatures. 
• High excavation quantities. 

The productivity for basalt is 3.1 tons per man-shift. This is the lowest 
productivity of -al/ sites consideredc:‘  
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Underground facilities construction ease. The construction of the 
underground. facilities will be more difficult for a repository located s in 
basalt than a repository located,in tuff or salt. This conclusionjs based on 
the information previously presented which discussed the more difficult mining 
conditions associated with the deeper, higher temperature, saturated zones of 
the basalt repository. 

Staffing levels and labor rates. Given the mining conditions expected at2_- 
Hanford,-,staffing levels for the underground development can be estimated.,- .  
These estimated staffing levels for the emplacement period are as follows: 

Surface 
Underground 
Total 

917  
1,051 
1,968 

As shown above, the difficult mining conditions result in high gtgifing 
levels. When combined with a high labor rate ($31.00 per hour), the high 
staffing levels lead to high labor costs for basalt. 

Underground-facility costs. Assuming the,conditions described .  above, the 
total (construction, operation, and decommissioning) cost of the underground 
facilities of a basalt repository is $6.1 billion. This is just.Onder50 
percent of the total cost of $12.3 billion shown in Table 7-22. :The remaining 
$6.2 billion consists of $1.5 billion-for development and evaluation, $3.6, 
billion for surface-facilities, and $1.1 billion for waste-packageiThe,cOst 
of the underground facilities ($6.1 billion) is the highest of all sites 
considered. 	, 

Operating duration and backfilling. The basalt repository has a longer 
operating life than both tuff:and salt: per

iod, 	
It,consists :of 27-year . 

emplacement period, a 23-year caretaker period, and an 11-year backfill - 
period. This_is : the longest operating phase of all sites considered because. 
basalt assumed ; .the longest backfill.period. The long operating.lifej-coupled. 
with the-high-staffingjeVels and high labor rates, leads to high - operating - 
costs for basalt. 

Operating cost.-jThe.operating.cost for a basalt repository at the 
Hanford siteii48.3,billion. TThis:is 67 percent,of .the total cost of-.$12,3 
billion and isclearly thelargest.partion of the total facility cort. , !.The 
remaining $4.0:billion consists of $1.5 billion for development and 
evaluation,$2.3 billion ;  for construction,-and $0.2 billion for 
decommissioning.. 

Most of the operating costs are associated with underground development. 
Of the $8.3 billion,.$4.3jallion'is.forunderground development, $2,9 billion 
is the operation-of thegurface facilities ., and $1.1 billion is for: the.waste 
packages.,„ ' 

„ 	. 
Total-facility costs. Table 7-24 presents the total-facility costs for 

the basalt repository. This table summarizes the costs mentioned in this 
section; the costs are consistent with the costs shown in Table 7-22. 
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Cost 
category D&E Construction 

1: 
-Operation Decommisisioning • .Total 

DWI 
Surface 
Underground 
Waste 
packages 

Total 

1.5 0.0 
0.5 
1.8 

0 .0 
2.3 

0.0 
2.9 
4.3 

1.1 
8.3 

0.0 
0.2 
0.0 

0.0 
0.2 

1.5 
3.6 
6.1 

1.1 
12.3 

■■■■••11 

NM= 

1.5 

:Table:7-24. Ceit estimates for . a.  bagialt- repOsitOry 
(billions of 1984 dollars) 

The total facility cost for basalt is the:highest of all sites. 
considered. This is due primarily to the higher underground costs resulting 
from the difficultAubsUrfate.Canditions. 

Tuff repository 

Rost-rock:death The proposed repository horitOn'is:aboui 1,200 feet 
deep.-  This is the most shalloW horizon of all sites considered. 

Rock conditions . and tunnel stability. The welded tuff of the Toppah 
Spring Member at Yucca Mountain is a physically .  and chemically, stable rock 
that will•be little affected by repository cOnditiOni.- CurrentlYi the rock is 
fractured; and any additional thermally induced fracturing will be Minor.  

The rock Strength of welded tuff and the 'associated in situ stresses are 
favorable.  The fractured nature of the tuff, howairer, may provide .  the ' 
potentiai for rock falls- in tindergrOUnd'OPeningi. Faults encountered in-the
underground facility may also contribute to local instabilities because-oUthe 
poor quality of rock associated with the fault zones. The potential for rock 
falls can be Mitigated' through'the'tie .of appropriate artificial supports:foi 
the underground openings'.Previouivextavation'eXperience - atthe'Nevadt Test--  
Site indicates'that the:expected'artifitial:support'reqUirements atyYucca 
Mountain are regularly spaced rock bolts, with iteeltheih'Covering-therock: 
surface for safety , Oecasionaleupplemental'boltiager ihotorati may'be' 	' 
required in local areas of poor-quality rock. These requirements are 
considered minimal. 

littiedeterioration'OUthe'rock-and the:artifieiel suppertYis'expeited 
over time , anefrom temperature Changed, since'the tuff does not creep. '`"''  

Therefore, the rock is expected to remain in a stable condition and will not 
require extensive maintenance for the underground openings. 
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The rock temperature is favorable (27°C or 81°F)4nd'isnot expected to 
be a hazard to'the health'of the personnel working underground. The effects 

.of temperature are not expected to'signifiCantlyaffeet the stability of'the .  
mined openings. 

Ground-water conditions. At the Yucca - Mountain sitei there'are'no 
aquifers between the host rock and the land surface. Because the repository": 
would be Aocated above the water table, no significant amounts of ground water 
are likely to be encountered in the shafts or the Underground Workings. 

Gassy conditions. No'significantacCumulations of toxic gases are '- 
expected at theLrepotitOrylorizon. Therefore, gassy 'conditions haVe'not been 
assumed for the tuff cOst'estimate. 

Subsurface conditions. Mining 'will be conducted in a''relatiVely good 
environment, assuming the conditions discussed above. 

	

. 	" 

Ventilation 'recuirements! The ventilation requiremerits.for tuff are 
lower than those-for basalt and silt. This ii•a result Ofthe'relatiVelk4oad' 

	

environment expected UndergrOuUd. 	 L 

Waste-package costs. The design for the waste package is determined by 
subsurface conditions. The tuff waste'packageoonsitts of_a staifilesi-steel 
canister and an'internil'epaceframe'i No external' packing is askuMed.-:'The 
waste-package parametera esaUted'for the cost estimate are as follows.. 

Parameter 

PWR/BWR ratio - 
Number of packages 
Material 

Unconsolidated 	Consolidated 

	

spent fuel 	spent fuel  

	

3/9 - 	 6/18 
1,400 	 23,100 

Stainless steel 	Stainless steel 

The total:cOstof faliricatiUg - all . tUffwaste packages is $1.1 billion. This 
cost is high beCaUse af'the combined effect ofemplacing a'large number of 
waste packages' and'high . Material Costs:- 'The cost of the tuff waste paCkage is 
higher than the cost of the salt waste package for thie'reaion: -  Boyever, the' .  - 
tuff waste package costs the same as the basalt waste package.,.This happens 
because, though tuff emplaces a smaller number of packageithan",basalt,the 
resulting, costsaviings treaffsetIi'the:cOst of:the stainless-steel'
containerOthich'iahigher-than the-cOst'oUthe Carbon-steel - container for 
basalt.  

Excavation quantities. Given the waste-PackaWrequirementsithe 
excavation requirements. can be calculated. For the cost estimates used here, 
it was estimated that abaUi'17='itillion.tons-oUtufU4A11:=be-excavated. This 
is lower than . thataisumeirlor'saltand basalt.'  

. Mining method. The tuff-design assumed. that Mechaniged:Mininetechniquea 
will be used-in conjiihctipit'with'Onintional techniquesfto develop:the .- ' 
undergtoitn&ficilitias.yThit'shoilld . letitAii mining 'rate that is faitei:than-
that basalt (conventionallating'only) but-not as'fastas thaefoi salt 
(mechanized mining only). 
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Mining rate.,  The mining rate for-tuff can be characterized as "fast 
average.", This rating is due to a high mining productivity (toni per 
man-shift),,which is the result of the following: 

• Shallow repository horizon. 
• The stability of.underground openings. 
• Lack of water underground. 

Lower temperatures. 
LaiWer excavation quantities. 

The productivity for tuff is 9.1 tons per man-shift. The productivity 
for basalt is significantly _lower because of the more difficult mining 
conditions that will be encountered. The productivity foi salt is higher 
largely because salt is softer than tuff and therefore can use only totally 
mechanized mining. techniques. 

Underground facilities construction ease.  The construction of the 
underground facilities will.be easier at a repository located in tuff than,a:- 
repository locatedin basalt, but not salt. This conclusion is based on the 
information previoUsly presented which discussed the. mining conditions 
associated with the tuff repository. 

Staffingflevela and labor rates.  piven.the mining conditions expected at 
the tuff site,staffing levels. for the underground development can 7 be 

 

estimated. The staffing levels for the emplacement .  period (in full-time 
equivalents) are estimated to be as follows: 

Surface. 	846 
UndergroUndl.. 	372 
Total 	1,218 

The.. staffing estimates can be characterized as low, but not the lowest of 
all sites considered. : 1Wf.has the highest :  labor rate ($32.00 per. hour).of 
the sites considered.. HoWever, when combined .  with. the staffing levels assumed.- 
for tuff, the_labor_Cost.is expected to be low and fall between:the,labor-Cost 

Underground facility costs.  Assuming,the:conditions described aboVe, the .  
total (construction, operation, decommissioning).costs of,the underground .. 
facilities-,for a . tuff repogitory.is $2.1billion.,...Thisjs .27Tperceni:of the 
total cost of $8.5 billion shown in Table 7-22. The remaining $6.2 billiOn ._ 
consists of $1.5 billion for development and evaluation, $3.6 billion for 
surface facilities, : and $1.1 for,,waste packages. 

Operation.duraiion 	and backfilling„Ihe  tuff-  repository will bein: .  
operation for 58 years. This consists,p“ 27-year emplacement•period„ a l  
23-caretaker period, and an 8-year backfill period. The 58-year operating 
pbase,is r;3,years :shorter,than the basalt,.operatingperiod and 5 years. longer 
than thnialt.operaiing period. H.This ia ldue ,to_the duration oU.the baCkfi

.
11 

periotassumedlcreackhostrock. jecause of the operating . period,,tuff,ha s 
moderate operating cOsts when compared withisalt :And,basalt  
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Operating costs. The operating cost for a repository located at the 
Yucca Mountain site is $5.8 billion. This is 68 percent of the total cost of 
$8.5 billion and is clearly the largest portion of the total facility cost. 
The remaining $2.7 billion consists of $1.5 billion for development and 
evaluation, $1.1 billion for construction, and $0.1 for decommissioning. 

Most of the operating costs 
surface facilities. Of the $5.8 
for the operation of the surface 
development, and $1.1 billion is  

are associated with the operation of the 
billion total operating cost, $2.8 billion is 
facilities, $1.9 billion is for underground 
for the waste packages. 

Total facility costs. Table 7-25 presents the total facility costs for a 
tuff repository. This table summarizes the costs mentioned in this section 
and is consistent with the costs shown in Table 7-22. 

Table 7-25. Cost estimates for a tuff repository 
(billions of 1984 dollars) 

Cost 
category D&E Construction Operation Decommissioning Total 

D & E 
Surface 
Underground 
Waste 
packages 

Total 

1.5 
••••■•■•• 

- 

0.0 
0.7 
0.4 

0.0 
1.1 

0.0 
2.8 
1.9 

1.1 
5.8 

0.0 
0.1 
0.0 

0.0 
0.1 

1.5 
3.6 
2.3 

1.1 
8.5 

•■•■• 

1.5 

The total-facility cost for tuff is the same as that salt and lower than 
that for basalt. This is due mainly to the lower underground costs that 
result from favorable subsurface conditions. 
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GLOSSARY AND LIST OF ACRONYMS AND ABBREVIATIONS 
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A114rocesses'by which4now and - iceAtre lost from a 
glacier;411sothe amount lost. 

ablation. 

active Aissolution-See "dissalution:frOnt.. 
-front  

GLOSSARY 

A measure , ofithe'attount:Of ionizing-radiation deposited in 
ativen mass of absorbing medium.,:The unit of absorbed 
radiation is the rad. 

Adcess - tocontrolled roads,railroads c  transmission for 
utilities, or other means. 

The atmosphere; the land surface, surface water, oceans, 
and the portion of the lithosphere that are outside the 

:.controlled area. 

The Nuclear Waste Policy Act of 1982. 

Chemical elements with atomic numbers2beginning at 89 and 
continuing through 103. 

46:faUlt along -whichthere is recurrent movement, which is 
usually indicated by small periodic displacements or 
seismic activity. 

absorbed 
radiation 

access -corridor' 

accessible 
environment 

Act 

actinides 

active :feiult: 

Controls instituted by government to guard a repository 
againstintrusion - And to' perforce monitoring or' 
maintenance operations. 

if 

adit 	f:Ayearly.horizontal patsage from the surface by which a 
mine , is , entered.': 

adsorption 	Adherence.of ions or:molecules - that are in solUtion to the: 
surface of solids with which they are in contact. 

; 	. 
aeromagnetic 	- -Asurimy made of the magnetic' field:of the earth by the 

survey 	use of electronic magnetometers suspended from an aircraft. 

affected area 	Eitheethe4rea of socioeconomic impact or the areaLof 
environmental impact. 

- 	 ' 
affected 	Any Indian Tribe (1) withinwhosereiervation boundaries a 

Indian Tribe 	repository for radioactive waste is .  pro ed to be located 
or.(2).Whose . federally-defiried possessOry 	usage rights' 
to other lands outside the reservation bounda ies arising 
out of.aongresaionally ratified treaties may be 
subitantially4nd:Adversely affected - by the locating of 

provided  that the Secretary of the 
Interior finds, upon the petition of the appropriate 
governmental officials of the Tribe, that such effects are 
both substantial and adverse to the Tribe. 
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alluvial fan 

Any State that (1) has been notified by the DOE in 
accordance with Section 116(a) of the Act as containing a 
potentially acceptable site; (2) contains a candidate site 
for.site characterization.or repository developmenWor: 
(3) contains a site selected for repository.development. 

affected State 

aging 
	Storage of radioactive materials, especially spent:nuclear 

fuel, to permit:the decay of short-lived radionuclides. 

albite 
	A white or colorless triclinic mineral of the feldspar 

grouv(NeAlSi308).. It occurs commonly. in igneous and , i; 
metamorphic rocks. 

alkaline 	• Having a pH greater than 7.- 

An outspread, gently sloping mass of alluvium deposited by 
a stream. 

alluvial piedmont Alluvium that lies at the base of a mountain or a mountain 
.range. 

alluvium 

alpha decay 

alphi particle 

A general term for clay, silt, sand, gravel, or similar 
material that ifunotcompacted and.bas• been deposited-in - -
fairly recent geologic time by streams, rivers, or 
floods. 

A radioactive transformation in which an alpha; particle is. 
emitted by a nuclide, thus changing one nuclide to another 
that has a smaller atomic number and weight. 

- A positively charged particle emitted in the:radioactive 
decay of certain nuclides.: Made up,OUtwo protons' and two 
neutrons bound together, it is identical to the nucleus of 
a helium, atom. It is. the least penetrating of the three -, , 
common types of radiation--alpha, -  beta, and gamma. 

A- form_of silicathat lacks any ordered internal structure. 

A mineral group that includes common rock-forming minerals 
, characterized by gooclprismaticcleavage. 

amorphous silica 

amphibole 

angle of internal The angle between a resultant force and the line 
friction: 	•:• perpendicular,to-the plane_of,friction. 

A white to grayish or reddish mineral of anhydrous calcium 
sulfate, CeSO4:.!7=, 

A general term meaninuin the-absenceof oxygen. 

An uparched fold composeclofzstrata that dip outward from 
eicommon ridge-or• -.exiisiccore of-em anticline contains 
stratigraphically-older:rocks and ivconvex upward. 
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application The act of making•afinding of compliance or noncompliance 
with the.qualifying or disqualifying conditions specified 
in the:siting guidelines, in accordance with the types of 
findings specified in Appendix III.'of the siting 

aquiclude 

aquifer 

aquitard 

argillaceous 

argillite 

artesian 

atmospheric 
dispersion 

atmospheric 
stability 
class 

A geologic formation that will not transmit water fast 
,enough to furnithan appreciable supply. 

Ak formation,. a ,group, of•formations, or a part of a 
. formation that contains sufficient saturated permeable 

material to yield sufficient quantities of water.to wells 
and springs.:. 

A confining bed that retards but does not prevent the flow 
.otswater to or-from an adjacent aquifer; a leaky confining 
bed. It does not yield water to.wellS or springs, but may 
serve as a storage unit for ground water. (See also 

A term applied to all rocks or substances composed of clay 
.minerals or having a'notable portion of clay in their. ' 
composition; examples are , shale,anclslate. 

A compact roc14 derived from either mudstone or shale, - 
that has undergone a somewhat.higher - degree of induration 
than 'is present in mudstone or shale. . 

. A term describing ground water confined under hydrostatic 
pressure. The water level in a artesian well stands:Above 
the top of-the artesian water body:it taps. If the water 
level in an artesian well stands above the land surface, 

- -the well is a flowing:artesian well.. 

Atmospheric transOort.of particulates or gases by airflow 
within the atmosphere and. atmospheric diffusion -by-  random' 
air. motions.. 

An index:that :indicates- the atmosphere's ability to 
-disperse airborne releases.. , 

atomic energy 
defense - 
activity. ;  

Any activity of the-Secretary of Energy performed in 
..whole or in part in carrying out any of the following 
functions: naval reactor development, weapons activities, 
verification and control technology, -defense nuclear 
materials production; defense nuclear waste and materials 
by-products management, defense nuclear materials security 
and safeguards and security investigations, and defense 
:research anddevelopment. , 	- 

The placement of materials, originally removed or new, into 
backfilling- 	Ahe.excavated-areasof a mine, including waste-emplaCement 

holes,. drifts, accessways,and shafts. 
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Radiatiom that is produced by.sourcessuch as naturall y:'-  
occurring - radioactive minerals in the-earth, cosmic rays, 
and naturally_ occurring radionuclides in living organisms. 

background 
radiation 

barrier Any material or structure that:prevents or substantially 
delays the movement of water or radionuclides. 

basalt 	,A dark to.thedium dark-igneous rock usually formed from 
lava flows and composed chiefly of calcic plagioclase and 
clinopyroxene:in a glassy or fine-grained ground mass. 

basalt flow 	-A- Solidified body of lavalormed:from.the outpouring of 
molten basalt from a fissure or - vent. (See "intraflow 
structures.") 

base metal 

basement rock 

basin, 

Basin and 
:Range_ 
province 

Any of the more common or more - chemically active metals 
(e.g.,'lead:and copper). 

Undifferentiated rocks that underly the stratified rocks 
of interest in an area. 

A depressed area in the earth's surface with no outlet. 
Sediments maylhave accumulated in such areas. 

Physiographic province in the SW U.S.:characterized by a 
series of tilted fault blodks forming longitudinal, 
asymmetric ridges or mountains and broad, intervening 
basins. 

bedding 	The arrangement of rock in layers of varying thickness and 
character.- -  

bedrock Solid rock that underlies all soil, sand, clay, gravel, 
and loose material on the earth's surface. 

benchmarking 	Code-to-code comparisons in which simulations obtained 
of computer 	with DOE codes are compared to those'obtained with other 
codes 	available codes of the same kind. The test cases used for 

 benchmarking will usadata-representative of the - actuat 
repository setting. Benchmarking is-complete when' 
reasonable consensus between independent oode predictions 
is achieved. 

bentonite A clay, containing the Mineral montMorillonite, that was 
formed over time by the alteration oUvolcanic ash'incUhas-

'variable magnesium and iron contents.- - Bentonite can 
absorb large-qUantitiesoUwater anCexpand to several 
times its normal volume. 

A negatively charged particle, physically identical with 
the electron, that is emitted by certain radionuclides. 

beta particle 

biological . - :. The time required:for:an - organism to eliminate half the -
half-life 	amount of a radionuclide ingested or inhaled. 
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A common'iock-4orming'minerat-of the-mica group. ItAs 
black in hand speciMen and broWn-or green in thin section, 
and it has perfect basal Cleavage. 

blooie line 
•!' 

borehole 

borehole jacking 
test 

borehole log 

' A technique for sinking' shafts. It uses a multiple-cone 
bit with a diameter larger than 6 feet. 

A type of vertical faulting in which the crust is divided 
-into - structural or fault bloCks of different elevations' 
andorientations.- 

A pipe or flexible tube that conducts air or other gas 
laden with -  cuttingsfrom the collar of a borehole =to a - 
point far enough removed frumithe drill rig to keep air 
around the drill dust-free. 

A nuclear reactor that uses boiling - Water to generate 
electricity. - 	. 	. 

A community that experiencet a Sudden" rapid growth and 
expansion. 

'Anaxcavation, formed by drilling or digging, that is 
essentially cylindrical:and is used for exploratory 
purpOses. 

A test that measures in situ rock-mass deformation thrOugh 
the application of unidirectional pressures to the opposite 
Bidet of:a - borehole. 

A record of the characteristics and thickness of the 
differentilayers of rock-or other-material encountered n-
the excavation of-a borehole: 

A4ilidate glass:containing -at leakt 5 percent boric 
-4cid4nd'used'io'solidify commercial Or defense high -level 
waste. 

A corridor that runs at an angle to the main corridors of 
the repository and that leads to the storage rooms. 

A temporary fabric curtain from directing or restricting 
underground ventilation flow. 

;Rock-consisting of sharp fragments cemented together or 
embedded in a fine-grained matrix. 

• 
A'downhole tool, composed primarily of slips, plug 
mindrell, 'and rubber Sealing elements that is run in and 
set in deUse,ynOnfraCtured rock in a borehole to isolate a 

MUltiple bridge plugs may:beaet in a borehole to 
isolate numerous zones: ' 

blind-hole 
drilling 

block faulting 

boiling-water 
reactor 

boomtown 

borosilicate 
glass - 

branchldorridor • 

brattice 
r. 

breCcia 

bridge -pl4 

biotite 
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Ifighlystaline water containing calcium (Ca), sodium(Nic),i 
potassium (E),-andchlorine (Cl) and minor amounts of 
other elements.- 

brine: 

bulkhead 

cage 

calcine 

calcite 

caldera' 

Cambrian 

candidate site : , 

The movement of brine, through. interstices in rock:. 

Sound that encompasses the audible frequencies. 

A portion of.thesite-that,surroundsthe repository and is 
composed of an essentially:undisturbed geologic and 
surficial environment. 

&stone, steel, wood, ;  or concrete wall-like structure 
designed to_resistearth or water pressure. 

The car or platform of a mine hoist used to carry men or 
materials. 

. 	; 
Material heated to a temperature below its melting point 
to bring,about.lowof moisture and oxidation. 

A common rock-forming mineral (CaCO3) that is usually 
white,orAgray../tis the. chief ; constituent of limestone:: 
and mostAnarble.,, :  

A large basin-shaped volcanic depression, more or less 
circular. - 

The'oldest of the periods-Of-the Paleozoic Era, which 
lasted from 570 million to 500 million years ago. 

An-area, : within a geohydrologic setting, that is 
recommended:by the Secretaryof Energy under Section 112 
of the Act for site characterization, approved by the 
presidentunder.Section 112 of the.Act for 
characterization, .c):r .undergoing site_characterization 
under Section 113 of the Act. 

brine migration . 

broadband sound 

buffer zone 

canister 

capable fault 

A metal ; vessel, for consolidate&spent fuel orsolldified-; 
high-level waste. Before. emplacement in the repository, 
the canister will be encapsulated in a disposal container. 

A fault that hatve#hibited one or more of the following 
characteristics, as desdribed in the NRC's 10 CFR Part 50: 
(a) movement - at or-near the ground:surface at leastonce 
within-the past 35,000 yearx,or movement of a recurring 
nature within the past 500,000 years, (b) macroseismicity 
instrumentally determined with,. records. of sufficient 
precision, to demonstrate a direct relationship with the 
fault, or „(c),aetructura/ relationship to a capable fault 
according to characteristics a: and 0 : such that movement on 
one could be reasonably expected, to .be accompanied by 
movement on the other. 
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capillary fringe -The zone immediately above the water table in which all or 
some of the : xockypores or fractures are filled with water 
that is under,less than atmospheric pressure and that is 
continuous with the water below the water table. 

caprock 	Layers of insoluble mineral deposits that maybe derived, 
from the dissolution of a salt dome, "capping" the dome. 

carnallite 

carbonate 

casing 

cask 

A white, brownish, or reddish mineral, KC1•MgC12•6/120. 

A mineral compound characterized by a fundamental anionic 
structure of COP = . Calcite (CaCO3) is an example 
of a carbonate. 

(1) A liner in a shaft or borehole to prevent entry of 
loose 7 rock,gas, or liquid, . or to,prevent the lossA)V_ 
_circulating liquid into porous,, cavernous, or fractured 
ground. (2) The process of inserting casing into a 
borehole. 

See "shipping cask" and "transfer cask." 

catchment area 	As applied : to an aquifer, the recharge area and all areas 
-thatoontribute to it. 

Cenozoic 

chronic,intake :  

The latest of the eras into which geologic time, as 
:recorded by the stratified rocks of-the earth's crust, is 
divided; this era is considered toitave begun about 65 
million years ago. 

	

. 	_ 
•continuous inhalation or ingestion exposure lasting for 

	

..days or years. 	7_ 

cladding., 	long,metal tube used to contain pellets of nuclear fuel; 
.“uscally,made Of stainless steel or Zircaloy, an alloy of 

steel and zirconium. 

cladding hulls : _. 	The empty metal casings that remain after spent fuel A 
removed from them for processing. 

clastic rock Any deposit 7thatix composed .  of fragments of preexisting 
rocks or of solid products formed during the chemical 
weathering of such older rocks andhas been transported 
some_distancefromthe place of.its.origin.. 

Ajine-grained natural material_ composed mainly of hydrous 
aluminum silicates. -It_may, be a mixture of clay minerals 
and small amounts of nonclay materials, or it may be 
_predominantly-one clay mineral.. The type of clay, is 
determined bythelaredominant clay_ mineral (i.e.,-kaolin, 
montmorillonite, illite, halloysite, etc.). 
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- Final backfilling OU-theremaining .OPen operational-'ateaa 
of the.underground rePositoky facility and boreholes after 

- the termination'of waste emplacement, culminating in the 
sealing of shafts. 

closure 

coefficient 
of friction. 

commercial waste 

complex 

An experimental, cOnsiant dealing with'forces when tWO'Salid 
bodies' that are in contact' slide or tend to slide on each 
other. The constant depends largely on the roughness of 
the matingsurfaces. 

Originating or existing over the sathe'period of tithe:- 

Shear strength of a rock not related to interparticle 
friction. 

Any rock structure resulting from the removal of support 
and consequent collapse by the force:of gravity. 

The top or uppermost portion of a shaft. A concrete ring 
or slab around a shaft used to prevent water inflow and to 
support the headftame. 

A suspensioti of finely 'divided:particles in a-liquid; 
gaseous, or  solid Substance. 'Suspended particles are not 
easily filtered out. 

• 	: 	. 
A general'term applied to the accumulation of loose 
incoherent sOil'and rock material at the base of a slope. 

A region of approximately 200,000 square kilometers 
(78,000 square milea)`occupying a major part of eastern 
Washington, a portion of northeastern' Oregon, and a small 
part of western Idaho. It is underlain by a flood basalt 
'province consisting of•approXimately 375,000 cubic 
kilometers (90,000 cubic miles) of basalt; this is called 
the Columbia River Basalt Group..• 

Radioactive waste generated in Orivataindustrialf and 
other nOngoVernment facilitiea—in particular, the spent 
fuel discharged from nuclear power reactors and the waste 
resulting from- the' reprocessing of spent fuel. 	• - 

In themistiy, any combination.of• Cations with molecules or 
anions containing free Pairs of electrons. An organic 
complex is a complex in which the cation is combined with 
an Organic - ligand. 'AO inorganic' complex is formed when 
the cation is Combined.With an inorganic ligand. 

The maximum compressive stress that can be'applied to a: 
material under givenOonditions before'failure occurs. 

A physical description of a system devised to show 
property variations as based on field and laboratory 
measurements and best technical judgments. 

coeval 

cohesion 

collapse 
fracture 

collar 

colloid 

colluvium 

Columbia Plateau 

compressive 
strength 

conceptual model 
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cone penetrometer `` -An'An sitictest'that-prevides information necessaryto 
test. 	 calculate the load4earing:cipabilities of a formation by 

'using an-instrumentto- measure - the:force required to 
thrust 'a cone 'dOwnWard into :thC tail. . 

confined aquifer 

confinement 

confining unit 

core hole 

constitutive 
model .  

contact-handled 
transuranic: 
waste .  - • 

containment 7 '.-- 

container 

contamination 

continuous 
machine 

An underground water bearing unitor'formation with 
defined, relatively impermeableTupper and lower 
boundaries. It contains confined ground water whose 

:•ressureAS usually greater'than atmospheric pressure:-: 
throughout. 

-•: 

As pertains to radioactivity, the confinement of 
IcadioactiVe 7 material witliin'sOmespecified bounds; 
Confinement -differs.from 'containment in that there 
absolute' physical barrier.• 

A body of impermeable or distinctly less permeable 
'material stratigraphically'adjacentAo'one or more: 
aquifers. 

Any bole drilled for the purpose of obtaining cores. 

-L. A mathematical model of.amaterial 'or-a process that 
expresses its essential quality or nature. A constitutive 
model is expressed by constitutive equations that 
mathematically express the relationship between the 
quantities of interest (e.g., constitutive equations 

a' establishing' a linear elastic relationship between stress 
;aid Strain): 

Transuranic waste, usually contained in metal drums, whose 
''surface-radiation-dose rate'(less than:0.2 rem per tour)- 
4s sufficiently -low to permit'direct-handling. Such waste 
does not usually require-shielding other than that 
provided by its container. 

.The confiniment'of;ridiCactiveivaste within a designated 
boundary. 

The metal envelope in - thewaite:package that provide's:the 
primary containment function of the Waste package and is 

;-designesito meetthe.containment requirements of 
10 CFR Part 60. 

w` The presence . iA'redioactive material :on the outside 
surfaces of a transportation vehicle;:a shipping cask, 
repository equipment, or a waste disposal container. 

• ri 	,; 	• 	L 	;• 
• 

A imichine ;equippectidth a rotating cutting head with 
picklike bits for cutting into rock and for dropping the 
Cuttings -into a' "collection device4oC loading ineo'cars - Or: 
conveyors. 
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cumulative impact 
' 	f 

cryptocrystalline 

controlled area 

creep closure 

cristobalite 

critical path 

criticality 

crowned roads 

A surface location,,to be marked bTsuitable monuments, 
extending, horizontally no more than , 5 kilometers in any_ 
direction:from the:outer boundary of the underground 
facility, and the, underlying :  subsurface, which area has 
been committed to use as a geologic repository and from 
which incompatible activities would be prohibited before 
and after permanent closure. 

Methods employing drilling, blasting, and mucking 
procedures in shaft construction. -. 

Storage of fuel elements after discharge from reactors, 
usually under.water, to allow• for the decay of short-lived 
radionuclides and hence the decrease of radioactivity and 
heat emission to acceptable levels. Synonymous with aging. 

A cylindrical section of rock,, usually 5 to 10 centimeters 
in diameter and up to several meters , in length, taken as a 
sample of the interval penetrated by the drill. 

A generally large part of the earth's crust that has 
attained stability and is relatively immobile. 

.Slow deformation. (alteration - of form) that results from 
long application of a stress.: • 

Closure- . of underground openings, especially openings in 
salt, by plastic flow of the surrounding rock under 
lithostatic pressure. 

A mineral, Si02,, that is a high-temperature form of 
quartz and tridymite,. and occurs as white octahedrons:in 
acidic volcanic rocks. 

Environmental exposure pathway that dominates the 
transport of materiali-from the source-of emission to 
human receptors. 

The:condition of, supporting a nuclear chain reaction. - 
occurs•when:the number: of neutrons present in one 
generation,cycle equals the number generated in the 
previous cycle. 

Roadx_which are slightly elevated: at center to facilitate 
drainage. 

Projected impact of a proposed facility in combination 
with other existing and proposed facilities,and actions._ 

A- texture. of.rock consisting of crystals that are too 
small to be recognized and distinguished under an ordinary 
microscope. 

conventional. :  
shaft-sinking 
methods 

cooling 
(spent fuel) 

core (geologic) 

craton 

creep 
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crystalline. 

crystalline rock 

.0f :-.ox.pertaining l to_the nature of_ a crystal (i.e., having 
-A regular. molecular : structure)._ 

An inexact but convenient term designating igneous or 
: metamorphic rock, as opposed to sedimentary rock. 
_ 	. 

cumulatiyAlmpact Frojected,impactof.a proposedfacility in combination 
.witkotherAxisting and proposed facilities and actions. 

cumulative; 
releases,tf,r-i 
radionuclides 

curie 

j 

Darcian flow 

darcy 

dBA 

debris flow:, 
,(geologic): 

decay, 
radioactive 

Thetotal : numberofcuries r of.radioactivity entering 
the accessible environment in Any210,000-year period, 
normalized on the basis of radiotoxicity in accordance 
with 40 CFR Part 191. The peak cumulative release of 
radionuclides.refers;,to,the 10,000-year period. during 
which any.Auch-release attains its. maximum predicted value. 

.A , unit :of radioactivity ;  defined as the amount of a 
radioactive material that has an activity of 3.7 x 10 10  
Aisintegrations jpersecond; 

Flow of fluidi that is described by a numerical 
formulation. of Darcy's law,. 

A-unit,of-measurement of permeability-equivalent to the 
passage of 1 cubic centimeter of fluid, flowing in 1 
second under:1 atmosphere of pressure through a porous-.7:- 
Aledium with a crosssectional area-ofj square centimeter 
and a length_of 1 centimeter. 

A sound level.in decibels measured with the A-weighting 
network of:A sound-levelAleter..,Theweighting network 
adjusts-;the measurement to correspond with the frequency 
response of the human ear._ 

Am°vimg mass of rock fragments; soil, -and mud, with  
Imore than-half the particles being -larger than sand size. 

:(1) The process whereby radioactive materials undergo 
a change from one isotope, element, or state to another, 
releasing radiation in the process. :-This action - 
ultimately results in a decrease in.the number of 
radioactive nuclei-present in the sample. (2) The 
spontaneous , transformation of one nuclide into a different 
nuclide or into a different isotope of the same nuclide. 

decay -chain_ 

decibel. 

he ;  equence ofradioactivellisintegrations in succession* 
u.Jrom ;:pnenuclide. to another until a stable daughter 

productyis : reaehed. ! . 

A unit of measure, on a logarithmic - ogarithmic icale, of the ratio of 
particularaound,pressure to.a :standard reference pressure 
-squared. Thereference pressure is •20 micropascals. 
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dectollethent' , -=) 

decommissioiting 

;.! 

decontamination 

a. .• 
decrepitation'. •: 

defense waste 

deposition 

- Detachiiient'Structnie)oUttrati.due , to'deformationi: 17  
resultinfrin", independent, stylet of deformation in the 
rocks above and below. 

The permanent-removal frOm - service , otturface facilities 
and components necessary only for preclosure operations, 
Aftee•repontitoryclotnrei.in accordance with•regulatOrY1 -  
- requirements And-envitonmental'Policies. 

 
-jhe.remoVaiof -unwanted materiir(espicially radioactiie -

- material) froth-the'aUrfactof, - or froth.within, another 
material. ' 	• 	• 	- L .-  

••‘ 	: 	. 

The shattaiing'of'a'rockmASS:orrocksample caused by the 
huilduOlof , e3tdessive pressures in contained fluids as a 
result of heating, or the action of differential thermal 
expension. -oidOntraction:of Iti - heated : grains. 

Radioactive waste-derived from"-the manufacturing of 
nuclear weapons and the operation of naval reactors. 
-7 	: 	 ; 	 • 

A gamma-gamma Ing -ited - to . lindicate-the:Varying bulk 
densities of rocks penetrated in drilling by recording the 
amount of back-Scattering of gamma rays. 

- 	:•• 	• .•7 
The sum -of the processes that result in the wearing away 
Or'the-progresiive'lowering of the earth's surface by 
various natural agents including weather, erosion, mass 
wasting, and transportation. 

- Th•:laying down 'of rock forming material by any natural 
-agent'le.4, the mechanical settling:of sediment from 
suspension' in water)'. 	: . - 

density log 

denudation: 

••, 

design hises ,  - -'InformatiOn that-establihetbontidarietfor design by 
- specifying thildnctiont to be performed by the structure, 
system, or.component of a facility and the values or 

-ranges of values fot - contrelling - parameters. 

design-basis. :" 'Averedible - ancident or natural phenomenon (e.g., 
event 	 thatis - nsed - -to establish design 

- bases because 	consecinences'artthe , most severe of all 
- 	: , thostpostulated for otherttedible'aCcidents or phenomena. 

design life 

	

	The period of time for which a structure, system, or 
noMponent is - deSignicttO perform itsintended fuditicin. 

H. , The:design.life'Ortherepotitoryendaighen the repository 
is of no further operational , nse, wasteiretrieval is no 
longer a concern, and closure and decommissioning begin. 

detritus= i
.;`; 	 •- = 

hoose 	removed-directly by 
-, mechaniCal means nrdeposited at another site. 
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deviatoric stress -In the engineering disCipline of rock: mechanics, the::• 
": , difference - between the'major principal•stress and the 

minor principal stress._ 

deVitrification 

diagenesis 

diapir 

.The process by which -gIassysubstances lose their vitreous 
nature and become crystalline. 

All the changes'undergone -by a sediment after itsinitial.- 
deposition, exclusive of weathering and metamorphism, or 
the recombination of:rearrange:tient of a mineral into e.neW 
mineral. Also known-as:diagenetic alteration. 	.2 

A geologic flow structure, 'either a dome or - an anticline, 
in which overlying rocks have been ruptured by the flow 
upWard of aTlastiCcdrealaterial such'as salt. 

diapirism 	The process by which a diapir is produced. 

diastrophica - 	,A general term for all movement.nfthe crust produced by 
earth forces, including the formation of continents and 
:ocean basins,-plateaus and mounfainsi folds of strata,' - and- 

 

diffrantion: 	•The process by which the direction of -a sound wave front 
(of sound)HJ. 	is changedinHdirection by 'an obstacle or other 

nnnhomogeneity in a medium. 
• • 	 • 	 • 	 ' 

diffusion_ 

dike (geologic) 

dip 
r 

dip-slip fault` 

direct work force 

:..:ksolute-spreading•phenomenon important only at low 
ground-water velocities. 

'A tabular body of igneous •mek that cuts acrossthe- -- .. 
structure oUadjacentrockt or cuts massive rocks. 

The angle at which a:bed, stratum, veini or any planar 
feature of rock is inclined froth the horizontal. The dip 
is measured perpendicular to the strike of the planar 
feature. (See "strike.") 

ii.•fault in which the earth's displacement is paralletto 
the dip of the fault, and there is no horizontal component 

-
iof movement parallel-to the strike. 

.People hired for jobs at the repository. 

discharge point' ,•t , .In - ground-water - hydraulics, the point - (or area) 
(or area) 	1!A water comes out oflan44Uifer onto the surface. 

where 

discontinuity 
(seismologic) 

• • 

dispersion 	IJ. 

• A surface at which seismic-wave velocities abruptly change; 
a boundary between the seismic layers of the earth. 

! 	 , 	 . 

'The solute-spreading , or'dilution phenomena caused by
mechanical mixing during - ground-water , movement and 
molecular diffusion. 
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The emplacement in a. repository of•high-level radioactive 
waste, spent nuclear fuel, or other highly radioactive 
material with no foreseeable intent of recovery, whether 
or not such emplacement permits the recovery of such 
waste, and the isolation of such waste from the accessible -
environment. 

disposal:' -: 	Y.r 

dissolution front 

distribution, 
coefficient 
(Ka) 

disturbectsone 

dolomite!.: 

dome (general) 

dome (salt) 

See "repository. system." 

A condition that, if.present at a site, would eliminate 
that site fromlurther consideration. 

- Any action that could breach a barrier.' 

A process of chemical weathering, by which minerals and 
rocks are dissolved in water. 

An underground zone in which rocks or minerals are being 
Aissolved , inafluid-(more specifically, in ground water). 

The ratio-of the concentration of a solute sorbed by ion-
exchange substances (e:g., earth materials, particularly 
clays) to the concentration of the solute remaining in 
solution . A.largodistributio*coefficient implies that— ,  

• •thee substance is readily sorbeCand livredissolved. 
slowly. The concentration of a material in the solid 
phase (i.e., rock or sediment) . .(moles per gram) divided by 
the- concentration of material in-the aqueous phase (moles 
per liter). 

That portion'of the'controlled-area, excluding shafts,'. 
whose physicaLor'chemical , properties are predicted to 
change as a result of underground facility construction or 
heat, generated bTthe emplaced radioactive waste such that.' 

: the resultant.change, ofproperties could have a 
significant effect on the performance of a geologic 
repository. 

A sedimentary rock consisting mostly. of'the mineral 
magnesicuscalcium carbonate,!CaMg(C0z)2. It is 
commonly. found.with,:and is usually formed from, limestone. 

kdomershapedJandform or:rock:mass;. a large igneous 
intrusion whose surface is convex upward with sides 

-:sloping away at, low but; gradually increasing angles;an'• 
upliftor7an_anticlinalr structure, either circular or 
elliptical, in which the rock dips gently away in all 
directions.. 

A diapiric or piercement structure with a central plug 
-. , !that hasrisen through the-enclosing sediments from-a. deep 

mother bed,of:salt.; 

disposal 'system 

disqualifying 
condition 

disruptive event 

dissolution 
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.-A-term used to describe the process of ; salt-dome 
development. 

dome growth 

The integrated dose that resultS fromen intake of radio-
active material when the dose is evaluated from the 
beginning-of the-intake to a later.time; also used for the 
long-term integrated:dosi to which people are considered 
committed because radioactive material has been released 
to the environment. 

A concept used to describe the eifectiveness of a given 
unit-of absorbed radiation dose. The unit of dose 
equivalent; sjhe rem. 

Jhejimitiestablished by the Environmental Protection 
Agency or the Nuclear RegUlatory-Commission for the 
exposure of people to radiation. 

,•The-radiation dose received per•unit of time. 

The measurementandevaluation-of.absorbed radiation dose 
or :dose equivalent. 

,•Hocks on the downthrown side of a fault. 

Movementof : ground water from_an area of higher hydraulic 
pressure to one of lower pressure. 

: Subsidence of the earth's crust. 

A minor fold, usually one of a series, formed in.an 
incompetent bed lying between more-competent beds,. 
produced-by movement of the competent beds in opposite, 
directions relative to one another. 

In mining, a horizontal opening excavated underground. In 
geology, a general term for all rock material transported 
either by a-glacier or by proglacial meltwater. 

A method of mining in which small-diameter holes (less 
,than I foot) are drilled-into --the rock and then loaded 
with explosives. The blast from the explosives breaks the 
.rock from the face vie structure so that rock can be 
removed.The undergrouhd opening is ,expanded by repeated 
drilling and blasting. 

Hydrologic testing of selected rock intervals when each 
::interval ;is first-penetrated by -a borehole. This testing, 
takes :place before .aborehole is completed to its total_ 

dose commitment 

dose equivalent 
(radiation)-- 

dose limit 

dose rate 

dosimetry :c  

downfaulted 

dowagradient 

downwarping-. 

drag fold 

drift 

drill-and7blast 
mining 

•i 

drill and test 
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A cylindridaFlo14:Made'-by'drilling,:eipecially one-made by 
cable tool rigs or one made to' explore'for valuable 
minerals or to obtain geologic information. Synonymous 
with borehole .; 

drill hole 

7 	, 

. 
tist- A . test-of-the productive Capacity:oUawell when it is 

:still full of drilling mud: 

ductility 

earthquake 

ecosystem 

ecotone 

effeciive .  
porosity 

engineered 
barrier sYSteii 

A property of a solid material that undergoes more or less 
plastic deformation before it ruptures. 

A Sudden-Motion :or trembling is the-earth caused byrthe•: 
release of slowly aCCumulated-strain; 

An ecologic'eystem cOmpOse&Cif organisms and their-
environMeni 	" 

An ecological community of mixed vegetation formed by the 
overlapping of - Adjoining ecologic communities. 

The.  amount ofAnterconnected pore space and fracture 
openings available for•the transmission of fluids, 
expressed as the ratio of the volume of interconnected 
pores and openings to the volume of rook. 

The OXidation potential Of a solution. 

A constant expressing the ratio of the unit stress or 
strain to the.  unit defOrmation'of a:material when 
a stress or strain is exerted on the material. 

The'electticarresistance per-unit" length of a unit 
cross-sectional arei:Of-A'Material;' 

The act of emplacing radioactive waste, encapsulated in 
disposal containers, into `a prepared' hole. 

A figurebateddn - the estimated . ratiO of the sum of 
indirect and direct project employment to direct project 
eMployment It is multiplied by the expected prejett-
employment to give total direct and indirect employment; 

Any'planter animal species protected under Public 
Law-93-205that';is'in danger Of extinction throughout all 
or a significant portion of its range (other than species 
of insects determined to be pests). 

3 	:'.3 	t. 

Themenmade'cOMpOneriti; of.adiepoSal eistem designed 
toprevent -the-keliasei -  dUradionticlidei from the under-
ground facility or into the geohydrOlogic setting. It 
includes the radioactive waste form, radioactive-waste 
containers, material placed over and around such 
containers, any other components of the waste package, and 
barriers used to seal penetrations in and into the 
underground facility. 

Eh 

elastic modulus 
(modulus of 
elasticity) 

electrical 
resistivity 

emplacement 

employment 
multiplier 

endangered speCies 
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environmental 	The document required'by Section 112(b)(1)(E) of the 
assessment 	,Nuclear Waste Policy Act of 1982. 

environmental 
impact 
statement 

The document required by Section 114 of the Nuclear Waste 
Policy Act of 1982. 

eolian 	Pertaining to the wind; especially. said of sediment 
deposition by the wind, of structures like wind-formed 
ripple. marks,. or of erosion accomplished by the wind. 

ephemeral drainage •A stream or portion of a stream that flows briefly in 
direct response to precipitatiOn,in.the immediate.. vicinity 
and is dry during some or most of the.year. Its channel 
is at all times above the water table. 

epicenter (of an 	The point on the earth's surface directly above the 
exact subsurface location of an earthquake. 

erg 	- A unit. of energy or work equal-to the work done by a force 
of 1 dyne acting over_a.distaace of 1 centimeter. 

erosion The wearing-away of soil and rock by weathering, mass 
wasting, and the action:of streams, glaciers, waves, wind, 
andAmderground water. 

escarpment 	•A.long,:more,or less Continuous cliff or relatively steep. 
slope that was produced by erosion or faulting and faces 
in one general direction,loreaking the continuity of the 
land brseparating two level orlently,sloping surfaces. 

evaluation 	The act:of carefully examining the:characteristics of a 
site in relation to the requirements of the qualifying or 
disqualifying conditions specified in the siting' 
guidelines. Evaluation includes the considetation of 
favorable and potentially adverse conditions. 

evaporite 	.A sedimentary rock. composed primarily of minerals from a 
solution that became concentrated by evaporation,-
especially salts deposited from a restricted or enclosed 
body - of seawater or from the WateroUa salt lake.' 

exclusion area . - The area surrounding a-,nuclear facility in which the 
licensee has the authority to control all activities, 
including the exclusion or removal of personnel and 
Property from the area.:. 

expected_ Assumed to be probable or certain on the basis of existing 
evidence and in the absence of significant evidence to the 
contrary. 
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far field' The portion of-the geologic setting that lies beyond the-, 
near field. 

fault escarpment-

fault plane . 	The plane , along which faulting has taken place. 

See."fault scarp." - 

expected. 	! , The=manner , in which the repository is. predicted-to- 
repository 	function ., considering` those conditions, processes, ,  and:. 
performance 	events that are likely to prevail or may occur during the 

time veriod of,interest. 	 .., 

exploratory 	Excavations into the host rock to the depth of 
shafts 	the repository. The shafts will be large enough to allow 

people and test equipment to be transported from the- 
- surface. ta , the underground excavations. 

extensometer 	An instrument used to measure strain. 

extraction .ratio. ,  The ratioof . the amount_of rock removed to the total 
amount of rock 	in 4• given. area. 

extrusive 	Igneous rock that has been erupted onto the surface of the 
.earth.  

facies The aspect, appearance, and characteristics of a rock 
unit, usually reflecting the conditions of its origin, 
especially .as differentiating-the rock unit from adjacent 
or associated units. 

fallout 
	

Fission and activation products produced by the above- 
(radioactive) 	ground detonation - of a nuclear . 

fault 
	

A fracture or zone-of fractures-,along which there has been 
displacement of the sides relative to one another, 
parallel to the fracture or zone.of fractures. 

fault block 
	- A structural unit oUthe,  earth'S. crust that is formed by 

faulting and is bounded completely.or in part by faults. 
This structure behaves essentially as a unit during 
tectonic activity. 

fault scarp 	The cliff- or escarpment formed by a:fault that reaches:the 
Hearth's , surface.. 

fault system 	A system consisting of_two.or more fault sets that were 
formed at the same time. 

faulting , 	The process of-.fracturing.or displacement that produces 
faults. 

favorable 	A.condition that, thoUgh not necessary to qualify a site, 
condition 	is presumed, if present, to enhance confidence that the 

qualifying condition of a particular siting guideline can 
be met. 
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A.group of abundant rock-forming minerals of the general 
formula MA1(A1,S030a, where M is potassium, sodiuM, 
calcium, barium, rubidium, strontium,or iron. Feldspars 
are the most widespread of any mineral group and 
constitute 60 percent of the earth's crust. 

feldspar 

fission (nuclear 
- 	, 

fission :product 

flooding,-potential 

flood plain 

fluid inclusion 

fluvial 

Containing feldspar as a principal constituent. 

Containing iron and magnesium. 

A conclusion thai is reached after evaluation. 

.4 computer, code that uses the finite-element method.._. 
The finite-element method is a method of numerical 
analysis that aivides a region of interest into discreet 
elements and represents the behavior.of the elements with _ 	. 

set.of:simultaneous equations. Solution of the set of 
equations yields, the behavior.at discreet points within 
the region . ofinterest. 

.Ihe division of the atomic nuclei into nuclides of. lower, 
mass, accompanied by the emission.oUgamma rays, neutrons, 
and significant energy. 

-A:moclide produced by the-fission of a heavier element.: 

:Testing apparatus used the detemination of in situ 
stresses or rock-mass deformabiliiy., 

. 	. 	. 

.Areas susceptible to flooding by precipitation-, wind-, 
or earthquake-induced floods (i.e., floods resulting from 
dam failure, river blockage or divirsion, or distantly or 
locally-generated waves) are considered to hav4,4 :flooding 
potential. 

As defined in :10 CFR,Part 60, the lowland and relatively 
Jlat:ireas adjoining inland and coastal wateks v including 
theflood-prone areas of offshore islands and, at a 
minimum, the area that is subject to a 1-percent or 
greater chance of flooding in any given year. 

inclusiona small opening :in a rock mass (salt) 
containing brine;.alsothe brineincluded in such an 
Opening. Some .gases also maybe present. 

-Cifor pertaining to rivers; growing : or living in a stream'-, 
orrivervproduced by the action of.4 streamorriver. 

feldspathic 

ferromagnesian 

finding 

finite7element : : 
computer code. 

Rate of flow over a surface (quantity per unit area per 
'unit time). 	r  

A dOuble-Couple solution obtained byusing the first 
motion of arrival -of .  P-waves at a particular*seismic-
reCOiding station. 
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A curve or bend of a planarstructureSuch as rock'strete:' 
or bedding'planes. A fold' is - usually a product of 
deformation.! 

fold (geologic)" 

fold belt 	An essentially'lineir region that has been subjected to 
folding or deformation. 

formation 	The basic rock-stratigraphic unit in the local classi- 
(geologic• 	fication of rocks. It Consists - of a .  body of:rock 

generally characterized by some degree of internal 
lithologic hothogeneity or distinctive features. 

fracture 	A general term for any break or discontinuity in a rock" 
causeciby mechanicalfailure resulting from stress; .  
whether or not it . causes diSplabement on either side large 
enough to be visible to theunaided eye. It may be a 
joint, fault,'or fissure caused by geological or 
mechanical prOcets-and"cin range frOm'microscopic to 
macroscopic and megascoPic 'scales. 

fracture 	The capaCity of a fracture'for-ErantMitting a fluid; 
pertheability 	it is the measure of the'relative ease of fluid flow under 

unequal pressure. 

friction hoist'' 

fuel ̀ assembly 

A tYpei of mine hoist iti'whiCh the - hoist drum sUPpOrts'a 
cable which passes over, but is not wound around the 
drum. - The friction of the cable on the drum is'sufficient 
to pull-the -cable and the sUppOrted weight. The cable 
extends down both sides of the drum into the shaft, so 
that both ends of the cable must be weighted, either by a 
cageOr a counterweight. 

An assembly ofnuclear-fuel rods. AlSo called "fuel 
element." 

fuel 	The removal of spent-fuel rods frol an assembly and . 
'consolidation ' 	repacking in a denser ' array to reduce the volume per 

metric ton of fuel. 

fuel element 	See "fuel assembly." 

fuel rod 	A long slender, cYlindricZl tube of'siiinless Steel - 
Zircaloy containing nUclear fuel in the form of uranium 
oxide fuel pellets. Also called "fuel' pin." 

The process'whereWspentluet.  is disSOlved, waste 
reprooessing 	Materiali are reMoVed,'ind reusable' materials are 

segregated for reuse. 

fugitive 	Emissions of any pollutant, includingIugitive dust, 
emissions 	that do not pass, through a stack, ;  chimney, vent, or 

funCtionally eqUiyalent opening and are generated .  by,. 
activities necessary' for the continued'operation'Or the 
source. 
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gamma radiation 

general siting 
guidelines 

geochemistry 

Vhderground.operationJn which:the content of noxious :or, 
,explosivegassesilasbeen:shown toexceed levels specified 
lin 307CFR Part , 57hy.the Mine Safety and Health 

gassy mine 

Electromagneticlunizing _radiation, that is emitted during 
sometypevof.radioactive decay-processes. Gamma 
radiation can penetrate various thicknesses of absorbed 
material, depending mainly on the energy of the gamma ray 

- -andAhe composition of-the material, ,Gamma radiation ia 
-mainly:an external radiation. hazard. 

See "siting guidelines." 

The study-of-the-distribution and amounts of the chemical 
elements in minerals, ores,.-rocks,soils, water, and the 
atmosphere and the chemical interactions between these 

geoengineering4 

geohydrologic-.„• 
setting 

geohydrologic 
system, 

geologic formation 

The study of time in relationship to the history of the 
earth.-  

ksuryey of:a,largeland:area.in which.•ccount is taken of 
the shape and size.of the-earth:and_corrections are made 
for the earth's curvature. 

. 	_ 
The application-of geologicldata, principles, and 
techniques.to the study of.naturallY :-occurring rock and 
soil materials or ground water for the purpose of ensuring 
that.. geologic factors affecting the location, planning,. 
design,.canstruction, .operation,-.and:maintenance : of ; „ 
'engineeringHatructures - and thedevelopment of ground-water 
resources are properly-recognized and adequately 
:-interpreted,_ sed,And-presented forsuse in engineering 
practice. 

-The system of hydrologic units-that is located,within-
a given-geologic setting. 

The geohydrologic units within,a geologic setting, 
including any-recharge, discharge, interconnections, 
between units, and any .natural, or.man-induced processes Or ,  
events that could affect ground-water flow within or among 
those :units.- 	„ 	- 4  • 

An aquifer, a confining unit, or a combination of aquifers 
endocombining units : thatconstitutes a framework for.A.' 
reasonably:distinct -component of sHgenhydrologic system. 

Any igneous, sedimentary, or metamorphic rock represented 
as a unit in geologic mapping. 

geochronology 

geodetic survey 

geohydrologic unit 
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geolOgic 
repository - 

geologic 
repository 
operations 
area 

geologic setting 

geologic system 

geologic time 
scale 

geomechanics 

geomorphic 
processes 

geomorphology 

A systeM,':recidiring:licensingby the Ndclear Regulatory-- 
ComMisSion, that is-intendedAo'be used, or may be used, 
for:the dispoial'of.radioactivewaite in excavated 
geologic media. A geologic : repository includes (1) the 
geologic-repository operations area and (2) the portion of -
: the geologic'setting that'providesAsOlationrof:the 
radioactive waste and is-located within the controlled 
area. 

A radioactive-waste facility that is:part of the geologic 
repositorY,'incldding:both-surface and subsurface areas 
and facilitiei where waste-handling activities are 
conducted. 

The geologic, hydrologic, and geochemical systeis of the 
'region in which a•geologic-repository operations area 'is- 

 may be:located. 

The host rock or host-rock units and surrounding rocks 
that provide radionuclide containment and isolation. 

A system of subdividing geologic time; usually 
presented in the form of a chart showing the names of the 
various divisions of time, stratigraphy, or rock as. 

- currently-understood. 

The branch of geology that deals with the response of 
earth materials:to deformational:forceeand embraces:the 
fundamentals Of structural geology. 

Geologic prOceiies that-are-responsible for the general 
configuration of the'earth'S surface, including the 
development of present landforMs and their relationships 
to underlying structures,' and processes: that are 
responsible for'the geologic changes recorded by these 
surface features. 

' The branch of geology that'dealt with the general - 
configuration of, the earth's surface4Hspecifically,- the 
study.of the classification, description, nature, origin, 
and develOPment of landforme.:- 

Pertaining to the properties of-the earth related to its 
structure, composition, and development. 

An area or restricted portion of informationderived from 
a - geophysicaleurvey that'is'different in appearance from 
the - general pattern of information. 

geophysical 

geophysical'1-' 
anomaly: 
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geophysical log'; 

geophysical 
survey 

geosyncline 

geotechnical 

geothermal, 
gradient,-, 

geotransport 

gouge 

gneiss :  

graben 

granite 

granite wash 

grants, equa 
to• taxes 

A large, generally linear trough that deeply subsided over 
a long iperiod-of time and ; in-which a„thick sequence of_ 
stratified-sediments-accumulated. 

Pertaining to the application of scientific methods and 
engineering principles to the acquisition, interpretation, 
and use of,knowledge of the,materialsof the earth's crust. 

.,Therate of.-increase in temperature of the earthvith 
depth. /be average geothermal-gradient in the earth's 
crust is approximately. 25°C per kilometer of depth. 

Movement-of -radionuclides through subsurface soils,-and 
rocks, :especially the :moyement of radionuclides in ground- 
water. Used in contrast to "biotransport." 

The clay ,or clayey material tall fault zone. Also crushed 
rock along a fault slip. 

/kfoliatedrock•formed :by regional metamorphism, in which—
bands _of granular materials alternate with bands of 
minerals with elongate prismatic habit. 

_Ausuallrelongated depression of the , earth's crust. 
between two parallel faults.. 

medium7 to coarseigrained intrusive igneous rock. 
consisting primarily of feldspar and :quartz. 

A drillers' term for.material eroded from outcrops o 
- granite, rock and redeposited. to form rock having 
approxiMately the same major mineral constituents as the 
originairock. 	- 

Grants made.bythe.Secretary,oVEnergy to each State and 
:: unitof general local.government_ n*hich a site for a 
repository is : approved equal, to the,amount such State and 
unit of•eneral local government,, respectively, would 

: receive were they authorized to tax site characterization 
activities ,et:such site,and the development and operation.: 
of such repository, as such State,and,unit of general. • 
local government tax and other. real : property and indus- 
trial activities occurring within such.State and unit of  
general local government. 

• 	• 1 
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A : graphic-recordof the measured or computed physical-, 
characteristics:of : the rocksection,encountered in a well, 
plotted as a continuous function of depth. 

The use of one or more geophysical techniques, such as 
earth current, electrical, gravity, magnetic, or seismic 

_surveys, to gather information on subsurface geology. 



graviti'surVey 
. 	 , 

ground-water 
recharge rate 

ground-Water • 
residence time 

ground-water`'- 
sources 

ground-water 
travel time 

ground 
acceleration 

ground Magnetic-
-Survey 

ground motion 

groUndidater 

grout 

Meisuiementa of the earth's gravitational field at a 
Seriat'ofdifferent lodations.''The pUrpose is to 
associate gravitational variations with differences in the 
distribution or densities of rock and hence rock types.. 

A.subdivision'of the Basin and Range province, located - in 
Southern Nevada in a broad desert region. The Yucca 
Mountain site is in the Great Basin. 

The rate OUchange-of-velocity of the ground produced by 
the motion of natUral'phenomenoa (e.g.; earthquakes) or 
man-made events (e.g., explosions and other testings). 

A determination ofvthe magnetic field at the surface .  
of'ihe earth by means of ground-based instruments. 

The ditpladeMent of the ground dUeTto the passage of 
' elastic waves s:rising . from earthquakes, explosions, 

seismic Shots, and the 

Water that4ccurabeneath the water table in soils and In 
geolOgic formatiOns:that are fully'saturated. 

An underground structure with the character of a basin 
with respect to the colleOtion,'retentiOn, and outflow of : 
water. 

Tbe•rate of grodad-water.flow per unit area of porous or-
fractured' media, measured perpendicular to the direction 
of MOW.' 

Therati at which,water'is absorbed'by.the ground and 
later added to the zone of saturation. 

The:time that-ground water remains in an aquifer or 
aquifer system.' 

Aquifers'that haysabeen or doUld'be economically developed; . as sources of ground water'in the foreseeable future. 

The time required for a unit volumeOf-ground water 
to travel between two locations. The travel time it the-
length of the flow pathdivided by the velocity,. Where 
velocity 'iathe'average grOund-water'flux passing through' . 

' the cross-sectional areaof the•geologid medium through 
itihich- floW.:occUra-, perpendicular to the - direction of 'flow, 
41Vided, by'the effective porosity along the flow path. If 
Aisdrete -segmenta-of.the'floW path havo.different 
AwdrOlogiOproperties, thatOtal travel.time will be the 
sum of the travel times for each discrete segment. 

A mortar or cemeatan&Vater mixture that is used to seal 
the walls of boreholis and shafts. 

ground "Water 

ground-water 
basin 

Great BaSin".' 
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guidelines 	.See "siting guidelines." 

Gulf:interior 
region of the , 
Gulf Coastal 
Plain 

halt-life 

A region,in northeastern Texas,,northern Louisiana, and 
south-central Missiasippi containing several hundred salt 
domes. Also called the "Gulf Coastalsalt-dome.basin"or 
simply the "Gulf interior region.", _The Richton Dome;site 
is located in this region. 

The time,it takes for one-half, of the radioactive atoms 
_ 

initially present in .a,sample_to decay. Each radionuclide 
 . 

. 
has a oharacteristicbut constant half-life. (See also 
"biological half-life.") ,   • lc; 

• • 	• - • 
The overlying side of a fault or other structure. 

lock silt, Which consists :of sodium chloride (NaCl). 

In salt tectonics, a general term for,the study of the 
structure and mechanism of eMplicement of salt domes and 
other salt-containing structures. 

_ 
Hanford Site 	A DOE reservation covering nearly 600 square miles in 

south-central Washington. A portion of this reservation 
has been identified as apotentially acceptable site in 
basalt and is called the "Hanford site" or the "reference 
repository location." 

head, hydraulic 	 ,See "hydraulic potential"o "hydraulic head." 

Thesteel or timber frame at,the top of a shaft that 
„supports,thesheave 	r the.loisting cables and . . 	_ or pulley for 
serves otherpurposes. 

For the purpose of establishing waste-package acceptance 
criteria, the total amount of heat dissipated from a 
packageof radioa4ivowaste. 

All uranium, plutonium orthorium placed into a .nucleaz 
reactor. 

high-efficiency. 	A,filter.capable of removing at least 99.95 percent of 
particulate . 	:particulate material as small As 0.3 micron from an air_ . 	.. 

th air (HEPA) 	stream (0,3 .micron is approgimately e size of the 
filter_ - 	4aiticuiate materiaLintobacco 004), 

high7level  	The highly radioactive material resulting from the , ...„.., _  	 .   	. 
radioactiVe 	reprocessing of spent nuclear fuel,,including liquidyaste 
waste 	: produced directly. an reprocessing,and any solid material 

derived from such liquid waste that contains fission 
products, in sufficientooncentrationsvother highly

: radioactiVe,materiai that the NUolearlegulatory 
Commission,'consistentwithexisting law, determines by 
rule to require permanent isolation. 
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hanging wall. 

halite 

halokinesis 

headframe 

heat emission 

heavy metal 
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High Plains 	An unconfined aquifer Connoting of the Ogallala FOrMation 
aquifer 	and the Dockum Group. It is the uppermost of the three 

'major hydrOgeolOgiC units beneath the Southern High' Plains. 

highly populated. 'Any incorporated' place (recognized'by'the deCennial 
area 	reporti'of-the . U.S.'BureaUof the Census) of 2,500 OeMare 

persons, or any censusdesignated plaCe (as defined and 
delineated by the Bureau) of2,500 or more persons,,Unless 
it can birdemonstrated,that any such place has a tower: 
popUlation density than the mean 'Value for the continental 
United Statei. -  Countiei or county equivalents, whether 
incorporated or not,-are specifically excluded from the 
definition of."place" as used herein. 

historical 	Earthquakes that occurred during recorded history, 
seismiciyj 	'including' those reported before - the'existence of 

seismographs (preinstrumental) and those recorded by 
seismographslinstrumentall. • 	• 

An epoch of the Quaternary Period, froth the end of the 
Pleistocene to the present. 

In elastic deformation,. ,the strain is linearly 
:proportional' ta the applied stress. 

(1) In geology, a given definite position or interval in 
the stratigraphic column. (2) In this document, a 
specifiMunderground level or elevation. 

host rock 

hot cell 

The rock in which the radioactive waste will be 
iMplaced;.specifically,'thejeologimMaterials that will 
directly encompass and will be'in close proximity to the 
Underground repository. 

A. highly'shielded'compartment in which' highly radioactive 
material can be handled,' generally by remote control. 

hundie&lear" 	A storm whose intensity is such, on a statistical-bane, 
• storm 	that it is expected to recur only once every 100 years. 

hydraulic' 	The rate of water flow thrOugh a given•cross section' - of 
conducttiitk ,  a 'rock in a unit'time under - A Unithydraulic gradient'- ' -  

measured perpendicular' to the direction of floit. -  
Synonythous'with the ease of ground watermovement. 

hydraulic 	A change in the'static pressure of ground water, expressed 
gradient 	in terms of the height-of water above a datum per unit of' 

distance in i'giyeddirection. 	: 

The height •above 'gee le'Vel to which a column of water can 
be' supported by ihestitic presiure at that point. The 
total hydraulic'head is the sum of elevation head, 
pressure head, and velOcity.head. 
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hydraulics , 	' An engineering discipline, that deals with the statics an& 
dynamics of 

hydrogeologic 2 	Anysoilor:rockiunit'orsubsurfacezone that:affects 
unit... 

	

	- the storage or movement of groundwater by its porosity.or 
.permeability. 

hydrograph 	A graph showing stage, flow, velocity, or other 
characteristics of water with respect:to time.- 

• ! 
hydrologic 	The-process :of using a mathematical representation of a 
modeling 	hydrologic system (as embodied :In a:computer code) to 

predict the flow of ground water. • 

hydrologic 
process 

Any hydrologic phenomenon-that-exhibits a continuous 
change in time, whether slow or rapid. 

hydrologic 	The properties of a-rock that- govercLthe entrance of 
properties 	water and the capacity to hold, transmit, and deliver 

Hwater, such as porosity, ,effective porosity, specific. 
retention, permeability,,and the.directions of maximum and 
minimum permeabilities. 

. 	. 
hydrologic 	The distribution, characteristics, and interrelationships: 

regime 	of,the aqueous eomponents •of the geologic environment. 

hydrologic 	Transport of solutes through a geologic medium caused 
transport 	by the movement of ground water. 

hydrology 	The study of global water and its properties, circulation, 
and distribution, from the time itjalls as rain water 

, until-it is returned to,the atmosphere through 
evapotranspiration or flow'Sinto the•ocean. 

hydrostatic 	-,The pressure exerted. by the water at any given'point.in 
pressure 4 	a body of water that:is at-reet. 

hydrostrati - 
graphic unit 

hydrothermal 

hydrothermal 
alteration 

hydrothermal 
reactions 

A term used for a body of rock having considerable lateral. 
extent - and composing a geologic framework for a reasonably 
distinct hydrologic system. 

• ,. 

An adjective applied to heated or hot solutions, to the 
processes with which these solutions are associated, and-
,to,therocks, ore deposits, and-alteration products 
--produced by these solutions.: 

Alteration of rocks or minerals bythe'reaction of heated 
water with preexisting solid phases. 

The reaction of materials under aqueous - conditions... 
at elevated temperatures and pressures. A component of 
;hydrothermal test 	usually. the host rock, but 
such mixtures-may contain any_or-all : waste package 
components. 
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important 
to safety 

impulsive sound 
 

indirect 
employment) 
multiplier • • 

Thefoeu4dr speCific-Point at which initial rupture :  
occurs in an earthquake.:: 

igneoueadtivity: ' , TheemPlacement(intrusion) - of molten rock (magma)Anto 
material in therearth's crust'or:the expulsion (intrusion) 
of such material onto the.earthrs - surface or into its 
atmosphere or surface water. 

thatisolidified from -molten or partly molten 
material (i.e., from a magma). Igneous rock is one of the 

:' - three:main'classes-into which rocks are divided, the 
- -. , othert beiSi metamorphic rock and ,: sedimentary rock:- 

immobilization 	Treatment or emplaceMent of wastes to impede the movement 
Of'their radioduclides.. 	 ' - 

hYpocenier-: 

igneous rock 

. 	• 3. 

impoundment. 

indirect work 
force 

-±j 
induration 

The engineered structures, systems, and components 
essential to=the.prevention or mitigation of any accident. 
that. could result-in a radiation dose to the whole - body or 
an organ of: 0.5 rem or more at or beyond the nearest 
boundary of the controlled area at- anr time until the 
completion of permanent - closure. 	- 

The process of: forming a lake or pond by a dam, dike; or --  
other: barrier;,also, the body of water so formed. 

Soundof short duration (less than I second). 

Figure based on the estimated ratio of project employment 
to%the'locai;employment.iesulting: froth both the project 
incIpiojectemOloyees with - their faMilies purchasing.goods 
and services in the area.- Its isl multiplied by the project 
emplOymentto give indiiectemploYment'growth. 

leople-hirel.forjobethat are- available because of the: 
repositortlocatioMbUt not at its facilities; for 
example, jobs with repository suppliers, town services, or 

',;retail business: 	 - , 

The hardening of rock'material by heat, pressure, or the 
introduction of some cementing material. 

Workerivandtheir familieirielocating:permanently or 
: •`temporarily to'thevicinity Of the site. During 

constructiomand'oPerationi these workers and their 
families are considered to be in-migrants for as long as 

•, they artImesent. 

in-migration 	Moving into a region or a community, especially as part of 
a' large-Scale and cOntinuing:-mOvementiof population.Ln":i 

• , 	• . 	. 	• 	„ . . 	•- 
in-migration 	2 - lhe'Snalytieal or . MithematIcal representation or 
model 	f': - quantification of-Am.-migration. 	••• 
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in situ In its natural or!original position. The phrase 
distinguishes in7place experiments, rock properties and 
the like froM those conducted or measured in the 
laboratory. 

in situ stress 	The magnitude and state of ground stress in a rock mass. 
The inherent stress in .a rock mass at depth. 

in situ tests. 	Tests that are conducted with the subject material in its 
original place (i.e., at the repository site and depth). 

_. 
institutional 	Administrative controls, records, phisical constraints, 

controls 	and combinations thereof that would limit intentional or 
inadvertent human access to the waste emplaced in a 
repository. . 

instrumental . 	recorded on a seismograph (an instrument 
seismicity 	designed to detect and record earthquakes).    ..1: 

intensity 	A measure of the effects of an earthquake on people, on 
(earthquake) 	structures, and on the earth's surface at a particular 

location; quantified by a numerical value on the modified 
Mercalli scale. 

interbed 	kbed of one kind of rock material, typically relatively 
' thin, occurring between or alternating with beds of 
another kind. 

intercalated 	Occurring between two rock layers or within a series of 
layers. 	- 

interstice 	An opening or.space between rock materials or soil 
partiCles, 

interstitial 	Brine distribution in very small openings throughout 
brine.. 	a salt mass. 

r . . 	. 
intrusive 	Of or pertaining to the emplacement of magma in preexisting 

rock. 

inversion 	An atmospheric condition where a lower layer of cool air is 
trapped below an upper layer 'of Warm air so that the 

_cooler i air cannot rise. Since inversions spread air 
'horizontally, contaminating SubstanCes cannot be widely 
dispersed. 

A chemical reaction in which mobile ions from a solid are 
exchanged for ions of like charge . in a solution. 

ionizing 	-Any -radiatiovidikplacing electrons from atoms or 
radiation 

	

	moleCules,"thereby producing ions (e.3. - , alpha, beta, and 
gamma radiation). 

G-31 

. 	- 	. 
ion exchange 

0 	43 te 	a al 14 r2 



Inhibiting the transport orradiOactive material so that 
the amounts and.Concentrations -of this material entering 
the accessible environment will be kept within prescribed 
limits. 

isolation 

isolation barrier The earth material around the underground disposal rooms; 
it acts to prevent radioActivity from entering the 
biosphere. 

isopach 	A line on a map drawn through points otequal thickness of 
a designated unit. 
.„  

isopach Map : 	A map that Shows the thicknesA of a` geologic unit 
throUghout a geographic area by means of isopach lines at. 
regular intervals. 

isopleth 	A general term for a line on a map'or chart along whiCh' 
All points have a numerically specified constant•or equal 
value of any given variable, element, or quantity with 
respect to'space or time. 

isotherm 	A line joining data points on a map 
same temperature. 

joint 	&surface of-fracture or parting in rock, without 
disOlacement; the surface is often a'pline and may occur 
with parallel joints to form a joint set. 

Ed 	See."distributiCn Coefficient." 

or chart having the 

The analysis of displacements and_strains; it is based on 
geometric analysis plus a number otasSumptions regarding' 
the manner in which geometrical relationships serve to 
indicate displacements. 

Day-night equivalent sound level: 244our equivalent .-  
sound level, with a 10-0A penalty applied for the nightime 
hours (10 p.m. to 7 a.m.4. • - :j  

Energy-equivalent sound level: the average of the time-
varyingjiound energy. 

Energy-equiyalent sound 14ve4 the average of the 
time-varying sound energy. 

Pertaining to, produced. by, or inhabiting a lake or lakes. 
- 	' 

Asolution obtained : by leaching; for -example, water that 
his percolated through soil containing soluble substances , 
and thus contains uertain'amOunts ofthese substances'in' 
Solution.  

kinematic 
analysis 

Lan 

Leg 

lacustrine 

leachate 

r 
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leaching 

leakage 

level 1 

level 2 

level 3 1. ' 

level 4 

license-
application 

licensing 

lignite 

lineament 

linear energy 
transfer 

linear expansion 

The dissolution of soluble constituents of a solid 
itlaterial le.g.4'thewaste to be emplaced in a repository) 
-by -the action oUpercolating , waterorohemicals. 

Ground-water flow across or through a rock zone of low 
'permeability.— 

A specific fiiding on a.disqualifying condition as 
described in Appendix III of the siting guidelines. A 
level llinding means "the evidence dOes not supporta 
finding that the sitels disqualified." 

Atpecifit-finding on a:disqualifying 'condition asJ 
•describedin -ApPendix - IIIof the titing guidelines. A-
level 2 finding means "the-evidence supports a finding 
'that the site is not disqualified.on the basis of that 
evidence lindAtnot likely:to be disqualified." 

AL . tpecific finding on .a qualifying condition as described• 
in Appendix III of the-siting gUidelines. A level 3 
finding means,”the evidence does . not support a finding 
that the7site -is:not likely to meet the qualifying 
condition." ' 

A specific finding on a qualifying condition as described 
in Appendix III of the siting guidelines. A level 4 
finding -means .."the evidence,tupports:alinding that the 
site meets:the qualifying candition and is likely to 
continue to meet the qualifying condition." 

An application for a license fromcthe Nuclear Regulatory 
Commission to construct a repository. 

The process of obtaining the permits and authorizations 
required to site, construct, operate, close and 
decOmmission a repository. 

- 
A brownish-blick coal in which the alteration of vegetable 
material has proceeded farther than'in peat, but not so 
far as subbituminous .coal. 

. 	- 
A - linear topographic feature of regional extent that is 
believed to reflect crustal structure. Examples are fault 
lines, aligned volcanoes, and straight ,ttream.courses. 

.A measure of the energy deposited per-unit of path length. 

The change . iO the length of a solid.due . to  a change in 
temperature. 'The coefficient of linear expansion is the 
changeAnla solid's unit length per 1 degree -charige-in 

- temperatUre. 
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The study of rocks. Also the'desdription of a rockon.the 
basis of such characteristics as structure, color, mineral 
composition, grain size, and arrangement of its component 
parts. 

lithology 

lithophysae 	Hollow bubblelike structures,in rocks; composed of 
concentric shells of finely crystalline alkali feldspar, 
quartz,..and other materials. 

lithosphere 	The solid part of the earth, including any ground water 
contained within it. . 

lithostatic 
pressure 

loess 

log 

logging 

low-level 
transuranic 
waste 

low-level waste 

mafic 

The confining pressure at depth in the crust of the 
earth from the weight of the:overlying rocks. 

A homogeneous unstratified deposit of windblown dust 
composed mainly of sand and silt., .  

A record that shows the character of rock being drilled4 
the drilling process, theilirilling tools used, mud weight 
and condition, personnel On.duty, and any pertinent or 
unusual events occurring during the drilling. j.  

. 	. 
Recording observations, conditions, activities, or 
measurements. 

See "contact-handled transuranic waste." 

Radioactive material that is not! high-level radioactive ,  
waste, spent nuclear fuel,1:transaranic'waste, or . . 
by-product material as defined . in Section 11a(2) of the 
Atomic Energy Act of 

t  
Said of an igneous rock coMpOSed'chiefly of dark 
ferromagnesian minerals. 

Naturally occurring mobile,toOk material, generated within 
the earth and capable of• extrusion'and intrusion, from 
which igneous rocks are thOught to have been derived 
through solidification ancUrelated processes. 

magnetic survey- -A survey made with a magnetometer on the ground or in the 
air; it reveals local variations in the intensity of the 
magnetic field. 

magnetometer Instrument that measures the earth's magnetic field or the 
magnetic field of a partici'llarrock. 

magnetotelluric 	A geophysical surveying method that measures the natural 
method 	electric and magnetic fields of the earth. 
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magnitude jheAeasure of,the strengthoLanearthquakeirelated to 
.„the-energyreleased,in the forp,ofseismic waves. 
)Magnitude is.quantifiedbya.numericai value on the 

L jkichterscale.. 

man-rem _..The _unit of 2population,dose. It, -is obtained by :  
multiplying: he .ayerage.doSeequiYalent to a given.organ 
.ortissue,(measured 7iU rem) by the_number of persons in a 
,.population- 

maximally exposed A hypothetical person who is exposed to a release of radio- 
individual 	Lactivitrin such a yap that he receives the maximum. ., 

possible individual radiation dose or .dose commitment. 
For instance, if the release is a puff - of contaminated 
air, the maximally exposed individualis a person . atthe_ 

1 TointOf the largest ground-leye/,concentration.and stays 
there during the whole time the contaminated-air cloud s 
remains above. This term is not meant - to imply that there 
really is such a perspnvit is used„.only to indicate the 
maximum exposure a : person could receive. 

The strongest earthquake that, considering the earthquake 
earthquake, history,and the tectonic setting Ofa.,place, : could,be ‘ .. 

reasonably expected to.occur during the preclosure and 
postclosure phases of a repository. 

maximum drawdown The greatest lowering of the water table or potentiometric 
, surface caused by pumping for artesian flow). 

individual The highest radiation dose delivered to the whole body or 
to an' organ that .a person can receive from a release : of;!* 
radioactivity. The hypothetical person who receives this 
dose, the maximally, exposed ;  individual;, is one-whose 
location, activities, and habitS maximize the.dOse.. 

The average,concentration .,ofa radionuclide in air or water 
jo.w#ich a worker Orpember of the : general population 
may be_continuously exposed without exceeding regulatory 
limits on external or internal radiation doses. 

maximum credible 

maximum 
dose 

maximum 
permissible 
concentration 

member.of, 
public 

Mercalli intensity 

mesostasis 

Mesozoic 

:Any indiyiduallwho_is.not engagedjnoperations involving 
the managementistorage,'and disposal of radioactive 
waste. A worker so engaged is a member of the public 
except when on duty at the geologic-repository operations 
;gFcg!: r 	 , 

A scale for measuring earthquake intensity in terms of the 
effects perceived by people. 

The last-formed interstitial material of an igneous rock. 

An era of geologic time, from the end of the Paleozoic to 
the beginning of the Cenozoic, or from about 225 million 
to about 65 million years ago. 
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millirem 

mined geolOgia 
disposal` system 

mineral' 

metamorphic rack 

metamorphism 
(geOlogie) 

metasedimentary 

microearthquake 

migration 

millidarcy 

mineralogy 

Miocene 

All' rockS . that were formed in the solid state in risponse - 
to pronounaed changes in temperature, r  pressure, and 
chemical' environment—changes that take place, in general, 
below the surface zones of 'weathering and cementation. 

The•mineralogical, chemical, and structural adjustment'Of -
solid rocks to physical and chemical conditions imposed at 
depth below the stirface zones of weathering and 
cementation, which differ from the conditions under which 
the rocks originated. 

Sedithentary rockialtereciby the effeCts of heat Or 
pressure or'both. 

• A tower containing instruments to' measure wind speed, 
wind direction , temperature'at different heights, dew 
point, etc. 

A group'ofmluerals consisting- Of complex silicates with 
perfect basal cleavage; they split'intO thin elastic 
laminae and range from colorless to black. 

An'earthquake . that is not felt or has'a magnitude of less 
thin 3'On thelRichter.scale: Also tilled "microseism." 

See "brine migration." 

A unit of measurement of fluid pertheability equivalent to 
0.001 darcy. 

1 milliiem'is 1/1,000 of a rem. 

See "repository system."' 

A naturally OcCurringAnOrganic,element or compound with 
an orderly internal structure and a characteristic 
chemical composition, crystal form, - and physical. 
properties. 

The'study .  of minerals. Alto-theformation,  
propertieS, and composition of'the minerals that'Make 
rock. 

An epoch of geologic time in the Tertiary Period, after 
the Oligocene Epoch and before the Pliocene Epoch. 

meteorological. 
monitoring.  
station 

mica 
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mitigation 

mixing height 
(or depth) 

modal analysis 

model 

(1) Avoiding the:impact .  altogether by. not taking ,e certain, 
action or parts of an action. (2) Minimizing impacts by 
limiting the degree or magnitude of-the action and its ., 
implementation. (3) Rectifying the impact by repairing, 
rehabilitating, or restoring the affected environment. 
(4) Reducing or eliminating,the impact over time by 
preservation and maintenance operations during the life of 
the action.... (5) Compensating for the impact by. replacing 
or providing substitute resources ,or environments., 

The height above the surface of the earth defining a 
layer where vigorous vertical mixing of air occurs;.:this-
mixing layer represents the vertical extent to which 
pollutants can be mixed in the atmosphere. 

The analysis of the actual mineral composition of a rock, 
usually expressed in weigfit or  volume percentage. 
"conceptual model," "tectonic model." 

A conceptual description and the associated mathematical :  
representation of a system, component, or condition. It 
is used to predict changes in theeystem, component, or 
condition in response to internal or .external stimuli as 
well as changes over time and space. An example is a 
hydrologic model to predict ground7water travel or 
radionuclide transport from the waste-emplacement area to 
the accessible environment. 

modeling, 	See "hydrologic modeling." 
hydrologic 

monitoring, 	Routine measuring of the quantity-and'type of radionuclide 
releases from a waste-management , faCility or measuring of 

:.-the changes in the physical o 'chemica4 , or biological 
characteristics of the site and the surrounding area. 

modified 	An earthquake7intensity , scale with 12 divisions fL'i 7 _ 
Mercalli scale 	ranging from I (not felt by people):to XII (damage nearly 

total); commonly - abbreviated MM.  

modulus of: 	A term used•for.materials.that deform in a manner other:.:. 
deformation 

	

	:than accOrding . tollooke's law; also called "modulus of 
elatticity":(see "Hookes law"). 

modulusof::T 	See "elastic modulus." . 
	 :ZC: 

elasticity . 

monolithic 	, A structure formed or composed of rock material 
structure 	without joints vr seams. 

moraine A mound, ridge, or other accumulation of unsorted, 
unstratified rock material left at the margins of a 
retreating glacier. 

 



morphology 

muck 

neutron log 

neutron probe 

Nevada Test Site 

.:5 

The: study of topographic featUres; the form of land,: ,  

Broken rock that results from mining. 

mudstane. 	'=• A dark-giay, fine-grained shale that decomposes into mud 
when.expoSed to the atmosphere. 

multibarrier. 
	

A'sYstem of natural and. engineered barriers, operating 
system 
	independently or relatively.independently, that acts to 

contain and isolate the waste. 

multiweliAquifer A.testto determine-an aquifer's capacity; it involves. 
test ` adding or withdrawing - measured quantities from more than 

one well and measuring the resulting changes in hydraulic 
head. 

natural background 
radiation 

natural barrier: 

See .''background- radiation." -  

The physina14;mechanicali . chemical, and hydrologic 
characteristics of the geologic environment that, 
individually and:nollectively, act to.minimize or preclude 
radionuclide transport.- 

natural gamma to -A log of the. natural radioacti41tY of the rocks traversed 
in'a borehole obtained by measuring naturally emitted 
gamma rays. 

natural system A host rock suitablalor. repository construction anclwaste 
emplacement and the surrounding rock formations. Includes 
natural barriers that provide containment and isolation by 
limiting radionuclide transport through the geohydrologio 

HenifirOnment to the•liosphere and provides conditions that 
wily minimize the potential for human interference in the 
future. 

near field The region where the natural geohydrologic system has. been: 
significantly - perturbed'by the excavation of the 
repository and the emplacement of: the waste. 

A radioactivity log that measures the intensity of 
neutrons or gamma rays produced when rocks around a  
borehole are bombarded by neutrons from a synthetic source. 

A probe used to measure the intensity of radiation for a_. 
neutron log. 

An area in Clark and Nye Counties in southern Nevada; 
it is dedicated. to the underground testing of nuclear. 
weapons. 

G-38 

7. rtf, 81 21 



noble gases 

nonconformity 

nonradiological 
risk 

normal-fault. 

nuclide 

occupational dose 

operational phase 

orogenic 

outcrop 

overburden 

overcoring 

overthrust 

reduttion 
reaction 

package 

T A'group °Votes-that includes helium,. : neon, argon, 
krypton, xenon,- and sometimes radon.;-Also known as inert 
gases, these gases,have4great stability and extremely low 
reaction rates. 

Jinunconformity in which stratifieclrocks above the 
r : surface rest oh , unstratified,2older rocks. 

A risk from sources other than exposure to radiation. 

A fault in which-the hanging wall:appears to have moved 
downward relative to the.footwall: The angle of the fault 
is usually 45 to 90 degrees. 

st 
A species of atom with a specific mass, an atomic number, 
and a nuclear energy state; - also referred to as an - 
"isotope:";- 

The radiation dose received by a person in a restricted 
area-or:inperforming work duties involving exposure- to r 
radiation. 

The Period.of-time fros .the,receipttt-the first waste 
at the site of the repository to closure and 
decoaraissioning... 	; ! 

Of or pertaining to-the process.vf mountain formation, 
especially by folding of the earth's crust. 

The part of a geologic formation or structure that appears 
at the surface:of-the earth 

Loose soil sand, gravel, or other unconsolidated material 
that_overliesbedrock.... 

A process that determines stress components in a rock 
-mass.-:Theprocesa_consists.of drilling a smalldiameter-. 
boreholeand'insertingfdeformation-sensing devices. A 
largerliolels then-drilledconcentrically with the first 
hole,vhichrclieves.the stress-in the -;rock cylinder.' The 
measured deformations are related,tt;atresses through 
elastic relationships: 	' 

• 
A low-angle thrust fault,of a.large7scale, with 
displacement generally measured in kilometers. 

A7Ohemicalreaction in:which'-one.or:More electrons are 
transferredletween'two or more-chemical constituents of 
the system. 

. 
.10e ,Naste.Tackage. 
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paleoclimate 

palioecology 

paleohydrology 

paleomagnetism 

paleontology. 

paleosol 

Paleozoic 

paludal 

palynology 

panel 

Paradox Basin 

particulates 

Pasco Basin 

packer 
	A deVice use&in?drilled-holei to isolate one part , of 

:borehole from another in-order.tcv.carrY out studies of 
particular'formations or parts thereofi 

packer-injection 	A series of tests whereby a liquid (usually water) or gas 
tests , 	is:injeCtedqntO.a sealed off or:isolated portion .ofa 

, :•borehole'oewell'to obtain data on-formation permeability, 
fracture flow, and the like. 

- 	•: 	'c 	 '177 

A climate of the geologic past. 

The study oU , the'relationship•betWeen ancient organisms 
and theirenviroathent. 	- - 

The study of ancient hydrologic features preserved in rock. 

'The studyoUthe:natural-temnant-magnetization of the 
earth to determine the intensity and.direction of the 
earth's magnetic field in the geologic past. 

The study of life ofthe'geologi4•past based on fossilized 
plant and animal remains. 

"AAmilid-soil!-Of the geologic past. 
• 

The era of geologic time,: from the end'of the Precambrian 
to the beginning of the Mesozoic or from about 570 million 
to•225Ymillion'yearscago:' 

Pertaining to a marsh or swamp. 

The study of Spores, lollen and microorganisms that occur 
in sediments. 

A collection of underground rooms-connected by a common 
access and common ventilation corridors. 

A-25,900-equare4ilometer-(10,000-square-mile) area in 
southeastern - Utah and southwestern-Colorado; it is 
underlain by bedded. salt. and a series -of salt-core .  
anticlines.-:: The Davis Canyon site is in the Paradox 
Basin. 	, 

Finely divided particlet suspended in a gaseous medium, 
such as dust 

A structural and topographic basin in the western Columbia. 
.Plateau.- Th4 HanfordrSite-and:the. reference repository-7- • 
location.arain the Pasco.Badin 

• 

passive 
institutional 
controls .  

(1) Permanent markers placed at a disposal site. 
(2) Public records or archives.j A3) Federal Government 
ownership or control of land use. (4) Other methods of 
preserving knowledge about the location, design, or 
contents of a disposal system. 

! 
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pathway .  

pedology 

perched ground 
water 

percolate 

performance 
assessment 

performance 
confirmatiOn 

performance 
criterion 

periglacial 

As-related to waste disposal, possible or potential routes 
by which wastes might reach the accessible environment. 

The study of the morphology;' origin, and classification of 
soils. 

' Unconfined ground water separated - from an underlying 
body of ground water by an unsaturated zone. Perched 
ground water is supported by a ,perching bed whose 
permeability is so low that water percolating downward 

' through 'it is not able to bring water in the underlying 
unsaturated zone above atmospheric pressure. 

In hydrology, the passage of a liquid through a porous 
substance; e.g., the movement of water, under hydrostatic 
pressure developed naturally underground, through the 
-interstices'and pores•of the rock or soil; i.e.; the slow' 
seepage of water through soils or porous deposits. 

Any analyiis that predicts the behavior of a system 
or syatem .component-under a given set of constant or 
transient conditions. For the repository, such an 
analysis identifies the events and processes that might 
affect the disposal system, examines their effects . on its 
barriers; and estimates the probabilities and consequences 
of the events. 

46'-prograM . of test, experiments; and analyses required-by 
the Nuclear Regulatory Commission and conducted to 
evalUatethe accuracy and adequacy of =the information used 
to determine reasonable Assurance that the postclosure 
performance objectives can be met. 

A criterion establishing qualitative operational, safety, 
or environmental limits. 

Pertaining to the areas , 	processes, and 
depositimarginal to an ice sheet or - glacier. 

- • y 

permanent closure 

permeability-... 

See l'closuri...": 

The 'capacity-Of:a medium 'like rock,'-tediment, or soil =to 
transmit= 	water. Permeability'depends on the size 
and shape of the pores in the:medium and the manner in 
which the'pOreaare interconnected. 

Permian Basin 

permissible dose 

A region in the Central United States where, during 
Permian , tithe 2,80'to225'tillion years ago, there were many . 
thalloW seas thatjaid down Vaat•beds:of salt and other 

'reVaporites. The Deaf Smith site is in the Permian Basin. 

That dose of ionizing radiation, that, in light of present 
Anov.aedge,-.  carries .  negligible i5robability of causing a 
severe somatic injury or a genetiC-effect. 

4 	t t , 
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branch 	that ;dealsiwiththe descriptionand, 
systematic. classification of rocks, especially igneous and 
metamorphic rocks and especially by the microscopic 
examinatianof:thin sections. 

The branch of geology that deals with the origin, 
occurrence, structurecand,history of rocks.. 

petrography.- 

petrOlogy 

kmeasure of the acidity, or alkalinity of a solution. 
• 

phenocryst 	term applied_to.anylarge, conspicuous crystal in an 
7igneous.rock.. 

phosphatic-rock,:•-,-Anyrock . that contains one or more phosphatic minerals. ,, 
- especially -apatite.. 

photogrammetry: 	 The science and art of ;  obtaining reliable measurements 
from photographs.: 

The descriptive study of landforms_asopposed 
_geomorphology, which : is. the interpretive study of Jan. 
forms.. 

PH 

physiography . 

piezometric 
surface 

pillar 

plasticity 

A region: in which all parts, are similar in geologic 
•structure and climate and which consequently had a unified 
geomorphic history.- 

A tubeor pipe, in which, the, elevation of water level,-,can I  
Tbe.determined., A. piezometer must.be sealed along:its:. 

-'.length, and it.  must . be. open. to water. flow at the bottom 
?,and, to..theatmosphere at the top. 

See "potentiometric surface." 

A solid mass of rock left standing to support a mine roof. 

The.property. of a material :  that enables it to undergo 
permanent deformation without appreciable volume change or 
elastic rebound without rupture. 

A; procedure ; 	in: small tunnels_ or adits.tot.- 
measure the. deformation characteristics of a rock mass. 

A general. term for any level: :or nearly:level surface under 
water. 

physiographic y 
province 

piezometer:: -.. 

plate bearing., 
test. 

platform 

playa -,The lowest centralportion of an arid basin that is dry 
Talli•totally.barrewMost of the time, but is occasionally 
;flooded. clay.an&silt are the principal constituents, 
often resulting from lakes formed in Pleistocene time. 

Pleistocene 	The firetepockbefore the Holocene oUthe Quaternary 
j? Period.' 



Pliocene 

plug (geologic) 

plug (shaft - rr 
or borehole 

The latest epoch of geologic time in the Tertiary Period, 
preceded by.the Miocene Epoch and followed by the 
Pleistocene Epoch. 

(1) The vertical pipe-like magnetic body representing the 
_conduit of:alormer. volcanic.vent, (2) A craterfilling: , .. 
of lava, the surrounding material of which.has been 
• remoyed'by.erosion. (3) A mass of clay, sand, or other 

, :,sediment.filling,the4art.of a stream channel abandoned by 
the formation of a cutoff. 

A watertight' seal in a-shaft formed by. removing the _ 
lining and inserting ivconcrete and/or metal dam,:orby 

--placinga:plug of clay over'ordinarTdebris used to fill 
the shaft up to the location of the plug. 

pluvial -- 	Said of a geologic episode change, process, depositi : or, 
feature resulting from the action or effects of.rain.., 
_Also said of aelimate characterized by relatively high :  

:7-amounts:I& precipitation. More broadly, pertaining. to 
..rain - or$other form•of precipitation. - 

point source 	A source of effluents small enough to be treated as if it 
were a point. 

poison 	Any material that has a high neutron-absorption cross 
section and, by absorbing neutrons unproductively, removes 
them from the fission chain reaction,. thus decreasing the 
radioactivity. 

Poisson'S ratio• 	The ratio of'the lateral unit strain to the longitudinal 
unit strain'in a body that.has been stressed longitudinally 
within its elastic limit. 	- 

population' center li'densely populated:area of 25,000 or more inhabitants.; 

population dose 

pore 

porosity 

•porosity log 

porphyritic 

The sum of the radiation doses received by the individual 
members of,a populationexposed.toA particular source or 

• .:event. It is expressed in units:of man-rem. 

Any4mallA?penspace, generally one that admits the:.:, 
passage or absorption of liquid, within the rock.or 

Theratiothe total volume of interstices in rock or 
soil•to its total volume, usually expressed as a 
percentage. 

Al•recordof pore volume per unit volume of formation; it 
is made from a sonic. log, density log, neutron log, or 
resistivity log. 

A texture of igneous rock in which large crystals are set 
in a finer groundmass that may be crystalline or glassy or-
both. 
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postelosurSj 	Of Or pertaihinirto the . time,:conditions, or events after 
YthficClosure'of:therepOsitory: 

potentially 
adverse 
condition: 

disruptive 
prOcessei 
and events-- 

potentiometric 
surface 

Precambrian 

Water that is safe and palatable for human use. 

Any site at which, after geologic studies and field 
mapping but'before detailed geologic data gathering, the 
DOE undertakes preliminary drilling and geophysical 

,testing for , the definition of site location. 

A condition that is presumed to detract from expected  
system performanceunless further evaluation, additional, - 
dataior:the identifiCation of, compensating or mitigating 
factors indicates -Ahat'its effect on the expected 

,l)erformance , ofthe - repository system is acceptable. 

Natural processes-and events:or processes and events: 
'initiated by buten aOtivities4:affecting the geologic 
sitting that . ake judged to be reasonably unlikely during 
the period-over which the intended performance objective 
must be achieved, but are nevertheless , sufficiently 
credible to warrant consideration: 

The surface to which water from a given aquifer will 
rise by hydrostatic pressure. This surface is usually 
represented as4 - contoUr.map'in which each point tells how 
•high the water would rise in. a well tapping that aquifer 
at that point. 

All geologic time, and WI corresponding rocks, that 
elapsed-before the beginning of the Paleozoic era (the: 
Paleozoic era began about 570 . million years ago). 

The process by which mineral constituents are separated 
from magma'or from - a solUtion by evaporation to form" 
igneous rocks. 

Of or pertaining to the time, activities, operations, and 
'conditions . before and during the closure of the repository. 

A-ilLuclear reactor that uses pressurized water to generate 
electricity, 

Of,  or. pertaining to:geoldgic-conditions before wast42, 1•. 
- emplacement.. -  

The businesses that predominantly sell their goods and 
services to individuals and businesses outside the lode' .- 
economy. (See "secondary sector.") 

potable water 

potentially 
. acceptable site 

precipitation 
(geocheMickl) 

preclosure 

pressurized 
water reactor 

pre-waste-= 
emplacement 

primary sector 
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prime' 'farmland 
• 

probableMaximmi 
flood 

probable' MakiimZx 
precipitation=` 

Land with the best physical and chemical characteristics 
for producing 'agricultural crops with minimum use of fuel, 
fertilizers, pesticides, and labor and without intolerable 
soil erosion, as determined by the Secretary of 
Agriculture pursuant to the Farmland Protection Policy Act 
of 1982 (Public Law 97-98). Prime farmland kncludes land 
that has these characteristics and is' being used to 
produce livestock and timber, but it excludes land already 
in, or committed to, urban development or water storage.' 

A statistical representation of the greatest ilood 
expected ever to occur at a:specific location. 

'A statistical representation of the-moit precipitation 
that can reasonably be expected in'a4iven area. 

protected area 	An area encompassed by physical barriers and to which 
personnel access is controlled. 

protected 
species 

pYroClatt•'. 

quadrangle 
(geologic) —  

qualified4ite' 

qualifying' 
condition' .  

Plants and animals officially listed by the U.S. Fish and 
Wildlife Service. 'Species listed by the States ks rare,' 
threatened,'orendangered are not inCluded unless 	are 
also on the Federal list. 

An'indiVidUal:particle ejected &ring a volcanic eruption. 

A tract of country represented by one of a series of map 
isheets'pilblithed'by the-U.S.GeOlogieal SurVek. 

4 , ilite that, haVieg - been Characterized, is considered•• 
A)e technically suitable for a repository. 

A condition that mUst-be.katisfied4orfa site to be' 
consideredadceptable-Withjrespect:to a specific siting 
guideline. 

qualitraikurance 'Allthe planned and syttematic'actione fnetessary 
• 

-Troiride'adequate'confidence'that a4tilicture, system, or 
component is constructed to plans and specifications and 
will perform satisfactorily. 

quality control' Qualitr4Sturinde'actiongithat'provide4 means tO, ''4Ontrol 
and'aleas4re'the characterittics of an"-item, process, or 
faCiliWtO-ettablished-reqitireMetits.''C 

quartz 

quartiite 

Crystalline silica (SiO2); an:important rock-forming 
mineral. 

A MetamorphiZrock consisting mainly of quartz grains of 
eqUal'Size,lOrMed by the'recrystallization of sandstone 
by regional or thermal metamorphism. 

 

Quaternary faults Faults that formed or experienced movement during the 
Quaternary Period. 
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rad, 

radiation. 
(ionizing) 

Quaternaryjeriod_ The 	 part - 	later the Tertiary),. 
beginning about. 1.4.million years ago - and extending to the 
present,. 

The basicunit of the absorbed dose of ionizing 
,radiationi A dose of 1 rad equalLthe,absorpticn of 100 
ergs of radiation energy per-gram:of absorbing material. 

. 	 _ 
Particles,and,electromagneticienergy_emitted by nuclear 
transformations that are capable of producing ions when 
interacting .  with, matter; gamma rays and alpha.and . beta 
particles are primary examples.. 

radiation zone 

radiometric,- 
dating 

radionuclide 

radionuclide 
retardation. 

rain shadow 

An,area thatcontains radioactive materials or radiation. 
field in quantities significant enough,: to require; the .  

control of personnel entry to the area. 

See "decay." 

In general, any material that spontaneously emits 
nuclear particles or rays from the nuclei of its atoms. 

High-level radioactive waste, spent nuclear fuel, and other 
radioactive . materials thatare:received for emplacement in :  
a geologic repository. 

A risk derived from exposure to radioactive materials. 

The decomposition (splitting) of a chemical molecule 
(often, the water molecule) . by,exposurfs:to radiation. 

The_ calculation of.the age of .asiaterial by a method that 
is based on ,the decay of.radipnuclidesthat occur in:the-
material. 

An unstable radioactive isotope thatdecays toward a 
stable state at a characteristic : rate by the emission of 
ionizing radiation- , 

, 	. 
The process or processes that cause the time required 

. for a,given radionuclide ta i move-,between twojocations:to-
4e greater. than the ground7water7travel time because of 
physical and-chemical interactions between the 
radionuclide and the geohydrologic unit through which the 
radionuclide, travels. 

A very dry region on the lee side of a topographic 	. 
obstacle,,usuallvkmountain range, where the rainfall 
noticeably less.tluuk that on ,the windward side. 

radioactive 
decay 

. 	. 
radioactive 
,material 

radioactive 
waste- 

radiological. risk 

radiolysis 

r 	
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The process by which wate 
zone of saturation, eithe 

:`.formation, indirectly by 
indirectly through uncons 

:In ground-waterliydrology the area where 
enters an aquifer. 

See "oxidation-reduction reaction." 

recharge 
(hydrologic) 

recharge area 

redox 

is absorbed and added -,to the 
- directly into a geologic 

. ay of another formation, or 

1 
 lidated sediments. 

surface water 

-The raticrofthe aggregate volumeoUlnterstices in A rock 
:OrsoiLtO - its'totalvolume.It .is usually stated as a 
percentage. -  

- • 

relative porosity 

A regulatory. -.limit on:the'Oncentration or amount of radio-
.active . materialreleaSed'tOthe environment; usually 
expressed as a radiation dose. 
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reasonably 
achievable- 

Mitigation:measures:or:courses of action shown to be 
reasonable considering the:,costs and benefits in 
accordance with the' National: Environmental Policy Act of 

: 1969.ASee "asHlawas:reasonably.achievable.") 

reasonably 
available 
technology 

reasonably 
foreseeable 
releases 

Technology.which exists and has been demonstrated, or for 
which the results of any requisite development, 
demonstration,.or-confirmatory testing efforts•before 
:application will be - Available within.the required time-
periods. 

Releases of radioactive wastes to 'the accessible 
environment that are estimated to have more than one 
chance in 100 of occurring within'10,000 years. 

reduction 
(chemical) 

redundant 
equipment 
or system 

refraction 
(of sound) 

regulated.area- -.: 

regulatory agency 

regulatory guide 

Ateciease in the oxidatiOn'ttate , of2an element or 
chemical7compound. 

: : Any piece of equipment orank systeMAhat duplicates 
the essential function oOlny other piece of equipment or 
system and can -performthientire function regardless.of 
the operating state.of!theother. 

The procesS of changinvthedirection of sound propagation 
by spatial variation in theveed of sound. 

An-area , to which access is limited or -controlled. 

The government agency res0Onsible for regulating the use 
of sources of radiation orliadioactive materials or 
emissions and responsible tor enforcing compliance with 
such regulations.,  

,, v• One of a series of officia1lluclear Regulatory Commission 
guides4rescribing , standaids'andrecoMMendations for -',- 
fluclear•facilities: 

release limit - 
.• 	•••. 



rem A unit dose of-ionizing radiation that has the same • 
biological effect as 1 roentgen of x-rays; 1 rem 
approximately equals '1 rad for x-, gamma, or beta 
radiation. Thus, a rem is a unit of individual dose that 
allows a comparison of the effects of various radiation 
types as well as quantities. 

Transuranic waste that requires shielding in addition 
to that provided by its container in order to protect 
people nearby. .  

See "geologic repository." 

See."closure.". 

All excavation and mining : activities associated with the 
constructionfof shafts, shaft stations, rooms, "and
necessary openings in the underground facility, 
preparatoryCo radioactive,-waste emplacement, as well as 
the construction of necessary surface facilities, but 

. excluding site-characterization activities. 

remotely handled 
transuranic 
waste 

repository 

repository closure 

repository 
construction 

repository horizon The horizontal plane within the host rock where the 
location of the repository is planned.. 

repository 
operation 

All of the functions at the site. leading to and, 
involving radioactive-waste emplacement in the underground 
repository, including receiving,: transporting, handling, 
emplacing, and, if necessary, retrieving the 'waste. 

repository support. All permanent facilities constructed to support site 
facilities characterization and repository-construction, operation, 

and closure, including surface structures, utility lines, 
roads, railroads, but excluding the underground repository. 

repository system The geologic setting at the site, the waste package, and 
the repository, all acting-together to contain and isolate: 
the waste. 

See "fuel reprocessing.": 

The minimum saturation that,oCcurs due to gravitational 
forces aloneJn the absence of recharge. 

:Those inherent uncertainties in data, modeling, and 
assumed future conditions that cannot be eliminated.- 

• 
Any area to,which access iscontrolled by, the DOElor. 
purposes of protecting-of_individuals from exposure to 
radiation and radioactive. materials before repository 
closure, but not including any areas used as residential 
quarters, althougha separate room or rooms in,a 
residential building may be set . apart as a restricted area. 

reprocessing 

residual 
saturation 

residual 
uncertainty 

restricted area 
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retention pond An earthen structure deSigned to hold stormwaterrunoffv, 
Sometimes used to mean-an evaporation pond. 

, 	• • 

retrievability -  , The capability to remove waste from its place of isolation 
in*acCordance with preestablished criteria for the method 
and the rate of removah, 

retrieval The•act of intentionally removing radioactive waste before .  
-repository closure from the underground location at which 
the waste had been previously emplaced for disposal. 

reverse fault 	H& fault , in whiCh the hanging - wall appears to have moved , 
Upward relatiVe to the footwall. -  

Characteristic of a group of extrusive igneous rocks, 
generally porphyritic and exhibiting flow texture with 
crystals 'of quartz and alkali feldiparjn a glassy. to 
cryptocrystalline groundmass (rhyolite). 

Richter magnitude, See "Richter scale." • 
. 

• A'sdaleformeasuring the energy released by an 
earthquake. It was devised in 1935 by the seismologist 
C. F.Tichter. 

rift (geologic) A long, narrow trough of regional extent, bounded by normal 
faults, often associated with-volcanism. 

right-lateral 	•A'faUlt,-. the , displacement.Of•which is-tight-lateral 
fault 	separation. In plan view, the apparent movement of the 

side opposite the observer is to the right. 

rhyolitic 

Richter scale 

right lateral 
Offset' 

-See "right-lateral fault." 

rim syncline 

riparian 

risk 

rock bolt 

rook burst 

In salt, ectonics, a local depression that develops as a 
-liorder around a salt dome, -as the salt in the underlying 
• 'Strata is displaced toward the dome. 

Relating to or living or located on the bank of.a natural 
water 'Course le 	, , a -river 

The product of the probability and the consequences of an 
-evehL 

A ber, -mtually=tonstiucted'of steel, that is anchored into 
predrilled'holes'In'rOck as a support device. 

A sudden: yielding that occurs when "a .volume of:xockis: 
strained beyond its elastic limit and the accompanying 
failure is such that the accumulated energy is released 
instantaneously;'; k,:rock!burst can -vary from the splitting. 
off of-small Slabs:of'rodcfrot amine wall to the 
collapse of large pillars, roofs, or other massive parts 
of a mine. 
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rock-mass quality A description ot the physical characteristics and, 	3 ,;  
mechanical behavior of the rock mass.- Rock-mass quality 
classifications are applied empirically to estimate 
requirements for underground-excavation support, and 
mechanical properties like the strength and deformation 
modulus of the rock mass. 

A system:Of mining iwwhich.the.rock is mined in rooms 
"separated by pillartof undisturbed. rock left for roof 
support. 

A,cose, unconsolidated. rockconsisting mostly of large,.H  
angular rocks intermixed with a small amount of soil or 
earthy material. 

Process of formulating specific. regulations governing a 
particular matter 

An environment of sedimentation, formed under arid to 
Semiarid conditions on restricted coastal plains. just 
above normal high-tide level. Sabkhas are characterized 
by evaporiteealt and tida17-flood and wind-blown deposits,. 

The common mineral sodium chloride 041) and any 
impurities in it. 

room-and-pillar 
mining 

rubble 

rulemaking 

sabkha 

salt 

salt creep 

Variously colored sedimentary rock- ; composed mainly. of, 
sandlike quartz: grains.  cemented by-lime, silica, or other; 
materials. - 

That part of the earth's crust beneath the water table in 
which all voids, large and small, are ideally filled with 
water under pressure greater than atmospheric. 

An elevated area, underlain by flat74ying basalt nava', 
with-a thinsoil cover andeparseyegetation that is 
crossed by coulees. 

The removal of loose rock..from i.newly blasted wall or 
roof. 

A type of electron microscope.that*ans with an 
extremely narrow beam of electrons transmitted through the 
sample; the detection:aPParatus  produces an image whose 
brightness,depende on:the atOr* number of the sample. 

The process.of breaking up and looseAing  the surface,of4-,.„ 
material.: 

- 
A particular_chainot hypothetical ircumstances often 
used in performanctssnalyeis tom044 possible events. 

sandstone .7..  

saturated zone 

scabland_ 

scaling 

scanning-
transmission 
electron ':. 
microscope 

scarification 

scenario: 
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Analytical process that attempts to quantify the 
probabilities and consequences of a postulated sequence of 
events. 

scouring 

screening 

• 
seal - 

secondary 
compression 

secondary sector 

sedimentary rock 

seismic 

seismic reflection 
line 

seismic reflection 
survey 

seismic refraction 
survey 

seismic survey 

seismicity 

seismometer 

Erosion, especially by moving water. 

The process of evaluating an area on the basis of criteria 
or guidelines to identify. places that best fulfill the 
criteria or guidelines. 

An engineered, barrier to prevent radionuclide migration or 
the intrusion of undesirable substances. 

The reduction in volume of sediments under constant 
pressure that results from changes in the internal 
structure of the sediments. 

The sectors of the economy that serve local residents and 
businesses. (See "primary sector.") 

Rock formed of sediment, especially .(a) clastic rocks 
(e.g., conglomerates, sandstone, and shales) formed of 
fragments of other rock transported from their sources and 
depodited in water and (b) rocks formed by precipitation 
from solution (e.g., rock salt and gypsum) or from the 
secretions of organisms (e.g., most limestones). 

Pertaining to, characteristic of, or produced by 
earthquakes or earth vibrations. 

A line on the earth's surface along which a seismic .  
reflection survey is conducted. 

A survey based on measurement of the travel times of 
waves that originate from an artificially produced 
disturbance and are reflected back to the surface at 
nearly vertical incidence from boundaries separating media 
of different elastic-wave velocities. 

A survey based on the measurement of the travel times of 
seismic waves that have moved nearly parallel to the 
bedding in high-velocity layers. 

Seismic data gathered from an area. 

The occurrence of earthquakes or the spatial distribution 
of earthquake activity. Also the phenomenon of earth 
movement. 

An instrument that receives seismic impulses and converts 
them into electrical voltage or otherwise makes them 
evident. Also known as a geophone. 

scenario analysis 
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shaft 

shaft liner 

shaft pillar 

With regard to a geologic repository, the penetration of 
the natural isolation barrier to provide access to' 
subsurface facility; it is usually of limited cross-
sectional area compared to its depth. A more common 
definition is a manmade hole, either vertical or.steeply 
inclined, that connects the surface with the underground 
workingi of a mine or excavation. The difference between 
a shaft and a.borehole is primarily in size and use. 

A structural lining usually made of steel, concrete, or 
timber that provides safe rock support and aids in 
preventing ground water from entering the shaft. 

An undisturbed buffer zone surrounding a shaft of 
sufficient area, so that any possible. subsidence in nearby 
mined areas will not disturb the integrity of the shaft 
facility. 

Shaft seal system The devices, mechanisms, or materials used or emplaced 
between the shaft liner and the rock wall during operation 
or shaft closure to retprd the flow of liquid or gas.. 

shaft station 	A horizontally excavated opening of a shaft at a desired 
depth. 

shale . 	A fine-grained detrital sedimentary rock formed by the 
compaction of clay, silt, or mud. 

shear 	(1) A strain that causes contiguous parts of a body to 
slide relative to each other in'a direction parallel to 
their plane of contact. (2) Surfaces and zones of failure 
by shear or surfaces along which differential. movement has 
taken place. 

shear resistance- The internal resistance of a body to shear stress, 
typically including a frictional part and a part 
independent of friction called "cohesion." Also called 
"shear strength." 

shear zone 	A tabular zone of rock that has been crushed and 
brecciated by many parallel fractures due to shear'strain. 

sheave 	A large, pulley-type wheel at the top of the headframe 
that carries the hoist rope. 

shield rocks 	. Areas of exposed basement rocks in a craton commonly with a 
very gently convex surface, surrounded by sediment-covered 
platforms. 

shielding 
	

The material interposed between a source of radiation and 
- personnel to protect against radiation exposure; commonly 
used shielding materials are concrete, water, and lead. 

f 
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shipping cask 	A large, heavily shielded vessel for transporting fuel 
assemblies and radioaCtiVe waste. The cask provides 
physical protection to the contents and radiation 
protection to its surroundings. Radioictive waste is 
transported to the repository in shipping casks. 

shotcrete 	Cement-based compounds sprayed onto mine.surfaces to 
prevent erosion by air and moisture and onto rock surfaces 
to stabilize against minor rock falls.: Also used -to 

. preirent dehydration and decrepitation. 

shrub-steppe 	Distinguished from a true steppe by the presence of forbes, 
shrubs, and a few trees in an extensive grassland area. 
Generally not as dry. as a steppe. 

significant 	As defined in 40 CFR Part 191, an aquifer that (1) is 
source of 	saturated with water having less than 10,000 milligrams 
groundwater 	per liter of total dissolved solids, (2) is within . 

770 meters (2,500 feet) of the land surface, (3) has a 
transmissivity greater than 3 x 10" square meter per 
second (200 gallons per foot per day), provided that any 
foimation or part of a formation included within the 
source Of ground water has a hydraulic conductivity 
"greater than 1 x 10-1  meter per second (2 gallons per 
square. , foot per day), and (4) is capable of continuously 
yielding at least 1,600 liters per hoUr (10,000 gallons 
per day) to a pumped or flowing well for a period of at 
least a year; or an aquifer that provides the primary 
source of water for a community water system. 

silica 	A chemically resistant oxide of silicon (SiOz). 

silicification 	The introduction of, or replacement by, silica, generally 
resulting in the formation of fine-grained quartz, 
chalcedony, or opal, which may fill pores and replace 
existing minerals. 

sill (geologic) 	A tabular igneous intrusion that parallels the-planar 
structure.of the surrounding rock. 

silt 	A sedimentary material consisting of five mineral 
particles intermediate in size between sand and clay. 

siltstone 	Stone composed of hardened stone. 

sinkhole 

site 

An opening at the earth's surface caused by the collapse 
of rock above a solution zone where ground water hak moved 
along a joint or fracture system and has washed out or 
dissolved underlying material, such as limestone. 

A potentially acceptable site or a candidate site, as 
appropriate, until such time as the controlled area has 
been established, at which time the site and the 
controlled area are the same. 
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site character-
ization 

siting 

Activities, whether in the laboratory or in the field, 
undertaken 'to establish the geologic conditions and the 
ranges of the parameters of a candidate site relevant to 
the location of a repository, including borings, surface 
excavations, excavations of exploratory shafts, limited 
subsurface lateral excavations and borings, and in situ 
testing needed to evaluate the suitability of a candidate 
site for the location of a repository, but not including 
preliminary borings and geophysical testing needed to 
assess whether site characterization should be undertaken. 

All of the exploration, testing, evaluation, and 
decisionmaking associated with site screening, site 
nomination, site recommendation, and site approval for 
characterization or repository development. 

siting guidelines General guidelines for siting geologic repositoriet; 
issued by the Department of Energy as 10 CFR Part 960. 

slabbing 

slash 

slickensides 

slip 

slough 

sloughing 

slump (geologic) 

A stress-induced failure mechanism of the rock around an 
excavation. 

A mining technique in which a large-diameter drilled hole 
is enlarged by using the drill-and-blast method. 

Polished and smoothly striated surfaces that result from 
friction along a fault plane. 

The relative displacement of formerly adjacent points on 
opposite sides of a'fault, measured in the fault surface. 

Fragments of rock material from the wall of a borehole 
that are washed out of the hole with the return pipeline. 

The filling of loosened rock from the roof or walls of and 
underground excavation. 

The downward slipping of a mass of rock or unconsolidated 
material of any size, moving as a unit or as several 
subsidiary unitsf . usually with backward rotation on a more 
or less horizontal axis parallel to the cliff or slope. 
from which it descends. 

slurry 	A fluid mixture of water and finely divided material. 

smectite 
	

A group of expanding-lattice clay minerals. These 
minerals are common in.soils, sedimentary rocks, and some 
mineral deposits and are characterized by swelling in 
water and extreme colloidal behavior. 

solubility 	The amount of substance (i.e., an element or compound) 
that can be dissolved in a given amount of solvent. 
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solute 

sorption 

sorptive:capacity 

source term 

A substance dissolved in another substance, usually the 
Component:of a solution'present - in the lesser amount.: 

A geophysical log made by-an instrument, lowered and 
raised'in a borehole or well, that continuously records, 
aea funCtion of depth, the velocity:of sound waves as 
they travel over shortAistances . in the adjacent rocks. 
The log reflects lithOlogic changes. 

The binding, on a microscopic scale, of one substance to 
another, such as by adsorption:or - ion-exchange. - Here 
"sorption" is usedfor the sorption of dissolved 
radionuclides onto-aquifer solids Or waste-package 
materials _by chemical or - physical-forCes. 

The-measure . of a material's ability to sorb specific 
-constituents from a liquid as it pasges through the 
-material. -  !• 

The types and amounts of radionuclides that make up the 
-:source:of a potential release of radioactivity. 

specific 'activity The measure of radioactivity as a funCtion of mass. 
The unit of specific activity is curie per gram. 

specification 

specific heat 

specific yield 

spent fuel 

spherulitic 

spoils - - 

A concise statement of a set of requirements prescribing 
materials, dimensions, or workmanship for something to be 
built or manufactured. 

The quantity of heatnecessary to raise the temperature of 
1 gram of a given substance 1 degree Celsius. 

The ratio of the volume of water that.a given:Maia-of-- 
saturated rock or soil will yield by gravity to the volume 
of that mass. 

cuclearluel- that has -been removed from a reactor after 
irradiation and has not been reprocessed to recover .  
Uraninm7andlautonium. - 

Said of a rock composed of-numerous rounded or spherical 
--- 1 , massis.of'needlelike crystals, radiating from a central 

point. 

-The debrisor waste material from:a mine. The:rock:and 
other natural materials brought up to the surface during 
mining. Also called "mined materials" or "mined rock." 
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stability,: 	-Ths!condition resulting frowthenature and rates of 	-: 
repository 	natural processeLaffectinuthe site.during the recent 

geologic past and the'expectation that they will be 
relatively-slow and.will not significantly changeduring 
the next 10,000•years:or jeopardize the isolation of the 
waste..rAs defined.in  10 CFR Part 60, the nature and rates 
of natural processes1e.g.,Jerosion and faulting) have 
beelvanci are projected. to-be such that their effects will 
not jeopardize the isolation of the waste. 

stability of. 	The'capability'of.anopening at depth to retain its 
rock structure ,'• original shapelor'a length oUtime. Stability is related 

_to: , theAuality of the rock mass around the opening, 
including slabbing and fracture... 

standard 	- y One - or -more contiguous counties containing at least. one - 
metropolitan. 	 city of 50,000 inhabitants.oruore. Additional counties 
statistical 	have to meet criteria related,to metropolitan character 
area (SMSA) 	and socioeconomic integration with the central city. 

stochastic model 

storage 
coefficient 

1-_Support'beams.used in-mine roofs and'walls. 

-An.extensive treeless grassland.area that is-developing-in 
the semiarid midlatitudes of southeastern Europe and 
Asia. Also used to describe similar areas in other parts 
-of the world.- 

A model whorie inputs. are:uncertain and whose outputs are 
therefore also uncertain and must be described by 
probability distributions. 

The volume of water an aquifer releases from, or takes 
into storage, per•unit surface area of - the aquifer:and-per 
unit:change in head. 

steel sets 

steppe 

storativity 	The volume of water released from storage in a vertical 
column of,lisquare,foot when the- water : table or other 
piezometric-surface declines• 1 foot. In an undefined 
aquifer, it is approximately equali:to the specific yield. 

strain 

stratigraphio 
setting 

. ' 
stratigraphy 

11) Change in the shape :  or volume, of a body as atesult,of, 
stress. (2).A change in the relatiVe configuration of the 
particles of a substance. 

. The characteristics of:tterock_layers or other units : .P 
in the . geologic environment.-. 	• 

The branch of geology that deals with the definition and 
interpretation of the rock strata, the conditions of their 
formation, character, arrangement, sequence, age, 
distribution, and especially their correlation by the use 
of fossils and other means of identification. 
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ordepression serving as-a-drain or reservoir for 
liquids, 

surface 
	

Repository support facilities in the restricted area. 
facilities 

- 	, 

sump 

stratum 	-A singleind Apr layer of rock regardless of thickness. 

stress Ina solid. the forcejer unitarea acting on any surface 
within_it-jind,variously expreskedavpounds or tons per 
square inch, or dynes or kilograms per square centimeter; 
also, by extension,:the externallnessurethat.creates-the 
internal force. 

strike 	The direction_or_trendof.&structural surface (e.g., a 
Amddinglor fault plane) as 	intersects the horizontal. 

strike-slip fault A fault in which the net slip is horizontal or parallel 
to the strike , of the fault:(see also "dip-slip fault"). :  

stringer 	knarrowHvein or irregular filament In a rock mass of 
-different material. 	- 

student's t test 

subsidence 

A standard statistical method used for hypothesis testing 
- and normally used with a sample size of less:than 30. 

• _ 
Sinking or downward settling of the earth's surface, not 
restricted in rate, magnitude,-or,area involved. 7 

subsurface 	- See 'underground facility." 
facility 

surface water 	Any waters on: the surface of the:earth, including fresh and 
salt water, ice, and snow.' 

surge capacity The capacity to accommodate radioactive materials by 
temporary storage at the repository,-, 

system 	See -"repository system." 

system performance The complete behavior of a repository system in response 
to the conditions, processes, and events that may affect 
it. 

talus 	Loose rock fragments of any size or shape derived from, 
- and 	att -the,base'of a steep slope. 

tectonic Of, or pertaining to, the forces involVed in tectonics or 
the'resulting 7 structures or features.-,- 

tectonic activity: - .Movement of.-the earth's crust such asAiplift and subsidence 
_1 

 
and the associated folding, faulting,. and seismicity. 
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tectonic 'brecCia 	A breccia formed asrthe result of'cruital movements4j1 .  
usually developed in brittle rocks. Slickensides are 
commonly associated with tectonic breccia, and varying .  
amounts of claylike gouge may be present. 

tectonic features - Features such as fault gouge, faulted, and folded rock. 

tectonic fractures Fractures that may or may not have slickensides on their 
adjoining surfaces and are commonly associated with , 
tectonic breccias. 'InCludes . fractures across which no 
measurable movement has occurred. 

tectonic model 

tectonic proVince 

tectanism 

tectonics 

tensile strength 

Tertiary 

thermal 
conductivity'. 

thermal 
decrepitation 

thermal expansion 

A .nonnumerical, descriptive theory or concept that 
incorporates geological, geophysical, and geodetic data • 
into a satisfactory explanation of the evolution of stress 
and strain in the earth's crust; it can be used to make 
estimates of future crustal processes. 

-A region af the earth's crust with relatively consistent 
structural geologic features. 

Crustal movement produced by earth forces, such as the 
formation of plateaus and mountain ranges; the structural 
behavior of an element of the earth's crust. 

A branch of geology dealing with the broad architecture of 
the outer part of the earthvthat is, the regional 
assembling of structural or deforthational features, a 
study of their mutual relations, their origin, and their 

The ability of a material to resist a stress tending to 
stretch it or to pull it apart. 

The . eirlier of the two geologic periods that make up the 
Cenozoic Era, extending from 65' million to 1;8 million 
years ago. . 

A measure of the ability of a material to conduct heat. 

The shattering of a rock mass or rack sample caused by 
the heat-induced buildup of excessive pressures in 
contained fluids. 

The increase in linear dimensions that occurs when 
materials are heated. 

thermal gradient , The rate of changeTin temperature with distance. 

thermil'loading The application Of'heat ta , a-systeth, uSually'MeAddred'in 
-watt density.'The'therthalloeding , fora repository is the 
watts per acre produced by the radioactive waste in the 
active disposal area. 
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thertholuminescent:: A type'of:radiation measuring device : that contains. 
dosimeter: 	:•therMoluminescent material that -emits light when subjected 

to heat. The amountJof light emitted is directly 
proportional to the radiation dose'absorbed by the chip. 

threatened species Any plant or animal species protected by Public. Law 93-205 
that is likely to become endangered in the foreseeable 
future throughout all or a:portion oU•ts range. 

A fault with a dip of•45: degrees or less in which the: 
hanging wall appears to have moved upward relative to the 
foot wall. 

;'1'Y 

Thedegree'to:which an intended:coUrse.of action is 
capable of being effected in a manner that is reasonable 
and : feasible withiva-framework:cf.constraints. 

thrust fault 

• 
to .  the extent 
practicable 

topography 

tortuosity 

tracer testing 

transfer cask 7 ; 

The brinch-Of.geology dealing. with the - configuration of 
the land surface, including its relief and the position of 
natural:and'man-made features. 'Also used synonymously 
with "terrain." 

-.1 
The inverse ratio of the length of a rock specimen to the 
length' of the equivalent - path of 'water within A.t. 

A procedure in which a soluble substance (tracer) is added 
to4round4/aterat one location and its movement tcv:.]:: 
"another:location is observed. , Tracer.testing is.i: 
--technique by:whichground-water flow directions and 
velocitiesvand-other'hydrologic properties of rocks can be 
estimated. 

A Cask:that.provides shielding for the waste disposal:: 
ContainerAis'ltAs.transferred from the waste-handling 
buildings for emplacement underground. 

tiansgreasiire:tei .  

transmissivity 

transport path! 

transuranic -waste 

44ea thatAlas:encroached.onAheAand:v 

The rate at which water of the-prevailing kinematic , 
viscosity is transmitted:through a unit widthoUtn .   
'aquiferunder a vnit - hydrauliC gradient. It equals the 
hydraulic conductivity multiplieCbythe thickness of the 
aquifer. 

Aroute4ilong7which radionucliddircould migrate. 

Waste containing morethan a specific concentration of 
411phi=emitting.radionuclides'(inClUding uranium-233 and 
.its- daughterrproducts)70f-long'half-life and high specific 
radiotoxicity. This concentration is . currently defined as 
mdre-thanA(WeanocUries per .gram of 



transuranics 	,,Elements. with an,atomic-number,higher than 92._,They 
not normally occurtin nature:and have to be produced,; 
artificially,fromuranium.H 

tridymite 

tubbing 

tuf a 

A mineral, Si02. It is a high-temperature form of 
quartzanctusually_occurs as minute, tabular, white-or 
colorless.crystals.or scales in cavities in acidic 
volcanic:rocks. 

A radioactive isotope of hydrogen with.two neutrons-  and. 
one proton in the nucleus. 

Cast-iron liner plates for shafts, fabricated to 
specification, that bolt together,togive support: to rock. 

;A sedimentary rock composed,oVcalcium carbonate, formed 
by evaporation as an incrustation around the mouth of a 
,spring4-along:astream, ovaround , a lake. 

A rock formed,of compacted volcanic ash and dust. 

Said of sediments containing up to 50 percent tuff. 

tuff-- 

tuffaceous 

unconfined aquifer An. aquifer containing ground water_that has a water table 
or upper surface at atmospheric pressure. 

	

unconformity, 	A break or gap in the geologicirecord, ,,such as an 

	

(geologic): 	interruption .in the normal sequence ofAeposition of 
sedimentary-rocks,-.ora-break between eroded metamorphic 

.':rocks- and younger:sedimentartstrata 

underground 	The underground structure and the rock required for 

	

facility„ 	.support, including mined openings and backfill materialsc:: 
'but excluding.shafts, boreholes, and their seals. 

	

unit of local 	Any borough, city, county, parish, town, township, 

	

government 	village,:or other general-Turpose political,subdivision,;oU 
. a State. 

unrestricted area -  Ailyarea-that is notr.controlled for the protection of 
Andividuals•from exposure to_radiation and radioactive 
:materials; 

unsaturated zone 	The zone between the land surface and the water table. 
Generally, water in thiezone:is under less than , : 
atmospheric pressure, and some of the voids may contain 
air or other gases at:atmospheric, pressure... :,: Beneath 

- floodeciareas or perched-water bodies the water pressure 
locally may.be -greater::thanatmospherie. 

uplift (geologic) (I) The process that IesulWin:the elevation of a portion 
of the earth's crust. (2) A structurally high area in the 
,crust produced by movements that have raised or upthrust 
the rocks, as in a dome or an arch. 



upwarping The uplift of a regional area of the earth's crust, 
usually as a result of the release , of .isostatic pressure 
(e.g., the melting of an ice sheet). 

As defined for use in the 1980 census, incorporated and 
unincorporated places of 2,500 inhabitants or more. 

Waterof the zone of aeration (unsaturated zone). Also 
known as "suspended water." 

The: unsaturated region of soil or,the :zone of. aeration_ 
:between the : 	surfaceland the water table. 

:--• 
;--cA_processWhose,objective 	ascertain that the code 

,Skor.model:.indee4.reflectsthe behavior of the real world. 

Ai:group:of generally_ parallel fissures from which lava 

	

. 	-c.ame to:. the surface,- 
..; 

verification 	Testingcolie with analytical solutions for idealized 

	

of computer 	boundary-value problems. At computer code will be 
codes and modelsJ;considerodYorifiedwhen ithast)een .  shown to solve. the 

ft:,;fl-:tboundary7valueprobiems with sufficient accurack. 

very near field 	The waste package and the rock within approximately 3 feet 
- of.-the wasteAwkages.,emplaced in repository..):  

urban area 

vadose water- 

vadose zone-. 

validatioLofi•I 
computer:codes 
and models • 

vent system::( 

very unlikely 
releases 

Releases of radioactive wastes : to. 
environment that are estimated to 
in 1 ,, 000 and onechance in•10,000 
10,000 years. 

the accessible 
have.between one chance 
ofoccurring within, .. 

vesicle A small cavity in an igneous rock, 
ofAl;bubble of gas or steam : during 
the rock.. :  

formed by the expansion 
the solidification of 

vitrophyre : , 	 r Any porphyritig.igneousrock:witha,glassy groundmass, 

volcaniciglass .-.:IN4Iturai. : 10.ass produced by:the cooling of molten lava or 
::*r7 some liquid- fraction of,moltet.lavatoo rapidly to permit 

.,!crystallization; 
; 

: -..:The,processes.bywhish magma and its:associated gases rise 
,Antotheerustandare:;extruded onto the earth's surface 

and into :.0e,srmosphore,H 

voucher collection A collection of dried plant specimens usually mounted and 
systematically..arrangedjor!referencevA piece of 
supportinvevidence,-. 	 , 

vug - often_within:ft mineral lining of different:, 
composition!from.that of-the surrounding rock.  
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welded tuff-'-' 

waste 

waste canister 

waste container' 

As 'used in this dotument,:high4evel radioactive waste vv.: 
spent ' fuel:: , 	. 

See "canister." 

Sed "container."• 

: The rediOactiVe waste materials and'any encapsulating or 
stabilizing matrix: 

waste' management 	The; planning, ekecation,and'serveillance of essential 
=fendtions'related'to the control of 7 radioactive (and 
nonradioactive) waste, including treatment, • 
sOlidificatin,packaging,-ttansportation, initial Or 
Ling-term storageiserveillanCe, disposal, and isolation. 

waste-  form - 

waste matrix 

waste package ' 

water budget 

wind rose 

The material that surrounds and contains the waste and to 
- sOfne'exteni.Proteets'itfroM being released into the :  

surrounding rock and'ground water. Only material within 
the canister (or drum or box) that contains the waste is 
Cenaidered:=pait , OU:the waste matrix; 

- 	
••■ 	 • 	 • 	 '• 

The 'waste form ancrany containera,shielding,packing and 
Othertorbent , MaterialsimmediatelY'surrounding an 
individual waste container. 

The quantifiCation . of theamoant of:water entering, moving 
through, and leaving a flow system; sometimes called • 

	

"water balance.,, 	 • t 

A'stream-offlowing water; flooderoutflow of water. 

A drainage basin. 

The water'sarfaCe in &body ofIround water at which the 
water pressure is atmospheric. 

indurated-'vOlcenicaithinWhich:the constituent glassy: 
shards and other fragmentsltave become welded together, 
Apperently1While still'hotand plastic after depositiom
WheretfiediStinction betweeenonWelded and partly welded 
tuff is necessary, rhe boundary:0601d be placed at or 
close to that point.where,the deformation of glassy 

IragMentsFbecdMesViiibIe.:-TheAransition from partl3rte, 
densely Weldesituff - iiOne -oUprogressive loss of pore 
space accompanied - Wan increase;in the deformation of the 
shards and pumiceous fragments. 

g 
-kdiagtam-showing 7 thardistiibution with direction of the 
frequency and the speed'OUthemind: 

water fleX- 1  

watershed 

water table - 

	

worst-ciie 	Aft analysisbased, OtVaSsumptions and input data selected 

	

analysis 	i='-f to `yield' a "worst imiadt"'filtatement. 

1G42 
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x-ray diffraction Analysis rof_!the crystal structure ofimaterials by passing 
analysis 	x-rays through them and registering the diffraction 

(scattering) image of rays. 

xenolith 	An inclusion in an igneous rock to which it is not 
genetically related. 

Young's modulus - A modulus of elasticity in tension or compression, 
involving a change in length. 

zeolites Any of various silicates analogous in composition to: the 
feldspars and occurring-aS secondary minerals in cavities, 
along fractures, and on joint planes in basaltic lavas. 
Occur also as authigenic minerals:tillSedimentary rocks. 

.;!"‘ 
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A/E 

AEC 

ALARA 

ANSI 

AQCR 

ATMX 

AUM 

BAT 

BHA 

BLM 

BP 

BWIP 

BWR 

C 

C&C 

CEQ 

CFR 

CHLW 

ACRONYMS AND ABBREVIATIONS 

average daily traffic volume 

architect-engineer 

Atomic Energy Commission 

as low as (is) reasonably achievable 

American National Standards Institute 

air quality control region, 

code of special railcar used in shipping defense wastes 

animal-unit month 

best available technology 

bottom hole assembly 

Bureau of Land Management (U.S. Department:: of the Interior) 

before present 

Basalt Waste Isolation Project 

boiling-water reactor 

Centigrade 

consultation and cooperation 

Council on EnVironmental QualitY:(councilyhich adminiSteri the 
National Environmental Policy Act) 

Code of Federal Regulations 

commercial high-level waste 
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ACFM 	actual cubic feet per minute 

ACHP 	Advisory'Councilon,Historic.Preservation 

ACR 	 area characterization report 

Act 	Nuclear Waste Policy Act of 1982 

ADT 



CH-TRU 	contact-handledtransuranic waste 

COE 	Corps of Engineers (U.S. Army) 

COG 	Council of Governments.' 

CRRD 	Conceptual - Reference RepositOry"Deicription 

CRWM 	Civilian Radioactive Waste Management (Program) (formerly NWB) -  

D&E 
	

Design and Engineering 

D&D 
	

decontamination and decommissioning 

DB 
	

drill-and-blast (method of exploratory shaft construction) 

dB 	decibel 

dBA 
	

A-weighted decibels (sound: presaure levels) 

DBE 
	

design basis earthquake or event 

DBF 	design basis flood 
• 	... 

DBT 
	

design basis tornado 

DEIS 
	

draft environmental impact statement 

DHLW 	defense high-level waste 

DOC 	U.S. Department of Commerce 

DOE 	 U.S. DepartmeAt Of Energy- 

7: • 

DOE/NPO 	U.S. Department of Energy, National Waste Terminal Storage 
Program Office (former) 

DOE/SRPO 	U.S. Department of Energy, Salt Repository Project Office 
(previously NPO) 

DOI 
	

U.S. Department of• the Interior 

DOT 
	

U.S. Department of Transportation 

DST 
	

drill stem test 

EA 
	

environmental assessment 

ECR. 	environmental characterization report 
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EDB 	engineering data borehole 

EIS 	environmental impact statement. 

EPA 	U.S. Environmental Protection Agency 

ES 	exploratory shaft 

ESF- 	exploratory shaft facility 

F 	Fahrenheit 

FEIS 	final environmental impact statement 

FR 	Federal Register 

FRP 	fuel reprocessing plant 

FSAR 	final safety analysis report 

FWS 	U.S. Fish and Wildlife Service 

GD 	Gibson Dome (borehole) 

GEIS 	generic environmental impact statement 

gpm 	gallons per minute 

GAGA 	geologic repository operations area 

GSA 	General Services Administration 

HAW 	! high-activity waste 

REPA 	high-efficiency particulate air (filter) 

•LW 	!.high-level waste 

HMTA 	Hazardous Materials_ Transportation Act 

hp 	:horsepower 

HVAC 	heating v ventilatingi-and air'conditioning 

IAEA 	International Atomic Energy Agency 

ICC 	Interstate Commerce Commission 
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ICRP 
	

International Commission on Radiological-Protection 

ILW 
	

intermediate-level waste 

Loft 
	day-night weighted equivalent sound level measurement 

L. 
	24-hour energy equivalent noise level measurement 

LHD 
	

large-hole drilling 

LLW 
	

low-level. waste 

MM 	modified Mercalli (scale) 

MPC 	maximum permissible concentration ,  

mrem 	millirem 

MRS 	monitored retrievable storage 

MSHA 	Mine Safety and Health Administration 

MSL 	mean sea level 

MTHM 	 metric tons of'heavy'metal 

MTU 	metric tons of uranium 

NA 	not applicable 

NAAQS 	National Ambient Air Quality Standards 

NAS 	 National Academy of Sciences 

NBS 	National Bureau , df:Standards 

NCRP 	National Council on Radiation Protection and Measurements 

NEPA 	National Environmental Policy Act7oU1969 

NIOSH 	National Institute of Occupatiolial Safety anCHealth 

NOAA 	National Oceanic and Atiospheric:Administration:-.: 

NPS 	National Park Service 

NRC 
	

U.S. Nuclear Regulatory Commission; : National Research Council 

NRHP 
	

National Register of Historic Places 
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NSP 	National Siting Plan . 

NTS 	Nevada Test Site 

NWPA 	Nuclear Waste Policy Act of 1982 (Public Law 97-425) 

NWTS 	National Waste Terminal Storage(Program).(formername; replaced 
by Civilian Radioactive Waste Management Program) 

OCRWM 	Office of Civilian Radioactive Waste Management 

ONWI 	Office of Nuclear Waste Isolation 

ORNL 	Oak Ridge National_ Laboratory 

OSHA 	Occupational Safety and Health Administration, 

OWI 	Office of Waste Isolation 

PAM 	private automatic branch exchange 

PAC 	potentially adverse condition 

PL 	Public Law 

PMF 	probable maximum flood 

ppm 	parts per million 

PNL 	Pacific Northwest Laboratory 

PSD 	prevention of significant deterioration (air quality standards) 

PURER 	plutonium and uranium recovery through extraction 

PWR 	pressurized-water reactor 

QA 	quality assurance 

QC 	quality control 

RAD 	radiation absorbed dose 

RCRA 	Resource Conservation and Recovery Act of 1976 

rem 	roentgen equivalent in man 
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SARP 	safety analysis report for packaging 

SCFM 	standard cubic foot per minute 

SCP 	site characterization plan 

SCR 	site characterization reliort 

SEARS 	Socioeconomic Assessment for Repository Siting (model) 

SFPWR 	spent fuel from' pressurized boiler reactors' 

SHPO 	state historic preservation offices 

SJC-WCD 	San Juan County Water Conservation District 

SMSA 	standard metropolitan statistical' area 

SRPO 	Salt Repository Project Office 

SRR 	site recommendation report 

Supply 
System 	Washington Public.Power Supply System 

T&E 
	

threatened and endangered 

TDS 
	

total dissolved solids 

TEF 
	

test and evaluation facility 

TRU 
	

transuranic (contaminated) 

TSP 
	

total suspended particulates 

TWC 
	

Texas Water Commission 

UACR 	Utah Air Conservation Regulations 

UBC 	Uniform Building Code 

UCWRR 	Upper Colorado Water Resource Region 

UDOT 	Utah Department of Transportation 

USACE 	U.S. Army Corps of Engineers 

USBM 	U.S. Bureau of Mines 

USC 	U.S. Code 
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USDA 	U.S. Department of Agriculture 

USDC 	U.S. Department of Commerce 

USDI 	U.S. Department of the Interior 

USGS 	U.S. Geological Survey 

USLE 	universal soil-loss equation 

UTF 	underground test facility 

UTM 	Universal Transverse Mercator 

VRM 	visual resource management 

WHPF 	waste handling and packaging facility 

WIPP 	Waste Isolation Pilot Plant 

WISP 	Waste Isolation Systems Panel 

WNP 	Washington Public Power Supply System Nuclear Project 

WPPP 	Waste Package Program Plan 

WPPSS 	Washington Public Power Supply System 

WSA 	Wilderness Study Area 

WVHI,W 	West Valley high-level waste 
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Additional lists,of,transportation terms that may'be of. interest.are, 
found in 49.CFR 171.8,49CFR 173.403, and:10 CFR 71.4. 

Appendix:A 

TRANSPORTATION 

A.1 INTRODUCTION 

This appendix, which-is-common to. all environmental assessments, presents. 
general background information on transportation topics:and:issues-land' 
providet supplementary references,to more-detailed sources of..information. 
The discussions throughout the appendix are specific-to the spent.7fuel.and -  
high-levelwaste:shipments:that will be made to a repository.*. The agencies.- 
responsible - lor.the regulation.of radioactive-material transportation.are, 
identified, and their regulations or.requirements.,are-reviewed.'jhe shipping-- 
casks and cask concepts that will be developed in compliance with the 
regulatory_framework.areialso'described.):These topics are-discussed7in the 
context'uf:protecting public.health and-safety against the potential hazards 
associated with normal transportation,excidentsi,and sabotage.- In addition, 
the bases - fot, and.the methods of,f'evaluating the.relative transportation risk 
and cost for'each-oUthe'sites nominated as.suitable-foruharacterication_are. 
briefly votsidered.... Separate sections are included:toconsider the use ,uf.- 
barges as an ,alternativeimode of transportation,-.and to,discuss howthe 
considetationl)Ua second repository would affect the results.of-Ta 
single-repository analytis.. Also included is a.section that describe.vthe 
criteria developed:to!aid;in-the;application of,thesiting'suideline.on. 
transportation. - Finally, several of the,major transportation .issues_(routing,! 
prenotification, emergencyiteponse, and liability) that have been raised by 
the public are discussed. 

:For..purposes of discussion in this appendix, the following terms unique 
to.the vocabulary of transportation.are defined:- 

• Packaging'(cask) :,the assembly oUcomponentti.excluding contents, 
that shields and contains the radioactive contents. - Packaging'may 
:consist 7oUnne or.moreireceptacles,,absorbent materials,..spacinu 
structures, thermal'insulation,- radiation shielding, and devices for 
cooling or absorbing.mechanical shocks. 

• , Package . - packaging 'together 'with -its contents as presented .f or 
. transportation. , This term is -distinct f rom -"was te-package,"_which 
denotes the contents of.the waste -emplacement ,:hole in the repository:- 

Normal transportation - all conditions of transportation:except,those 
that result-from accidents and sabotage. 

* Fottonveniende and brevity,- - the term "radioactive.waste" orsimply: 
"waste" is Often ,used'to mean spent fuel,or_all of theAtaste to be accepted by 
the repository: 
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A.2 AGENCIES WITH JURISDICTION OVER THE TRANSPORTATION 
OF RADIOACTIVE WASTE 

A.2.1 FEDERAL JURISDICTION 

The number of Federal organizations involved in the regulation of 
radioactive-waste .transport isAarge,.and their responsibilities and 
authorities are:interrelated. However; only the functiong of the.US. 
Department of Transportation (DOT),•the U.S. Nuclear Regulatory Commission 
(NRC), and the•U.S. Department - orEnergy (DOE) are discussed here because of. 
theirpredominance inradioactivematerials'transport.'.Moredetailed 
information and information about organizations not mentioned canl)e found in: 
reports by Wolff (1984)-and the NRC(1977). 

The DOT - has regulatory:responsibility for safety in.the transportation:of. 
all hazardous materials, including radioaCtiVe materials. This responsibility 
extends to all modes of transportation that would be considered for shipping. 
waste tOthe repository: Under its establishing legislation, the.Departmentz 
of-Transportation Act of 1966, the-DOT is'responsible for encouraging 
cooperation among. Federal; Stato,..and local governments, carriers, shipperi,_ 
labor, and :other interested'partiei to achieve national transportation 
objectives. The regulatory and enforcement authority Of the DOT overAhe 
shipments' of - radioactive material that are in, or may Affect, interstate 
commerce was extended bkAhe Hazardous_ Materials Transportation Act (HMTA) of 
1974;to include; but not be limited to, the packaging of:Specified types and, 
quantitiesof radioactive materials, handling, labeling, placarding; routing, 
and driver training. 

The.NRC provides'supplementary regulations related - to the transportation .  
of radioactive material. Under:the Atomic Energy Act of.1954, as amended;:the 
NRC has responsibility for safety in the possession, use, and transfer 
(including transportation) of by-product; source,. and Special nuclear 
materials.": The 	licenses coMmercial-entitiesi that possess and use these 
materials. It also promulgates regulations applicable to NRC-licensees 
regarding the Packagingi:Ofspecified quantities'of , highly radioactive 	• 
materials, prenotification of shiPments,:and the phySical protection of 
spent-fuel shipments from acts of theft and sabotage. The DOT, by agreement. 
with the:NRC,:accepts the NRC:standards of 10 CFR Part 71 for packagings. 
ThisagieeMent`has been formalized in a memorandum of understanding between 
thetwi agencieS (Federal Register, Vol. 44, p. 38690, July:2; 1979). These 
standards are now in general agreement with international regulations. To aid 
in - enforcementithe NRC.requires its licensees to comply with DOT regulations' 
when those entities are not otherwise subject to the DOT regulations.' 

The shipments of radioactive material conducted by the DOE are alsok 
subject to DOT regulationi. ,  Authority has:been'granted to the DOE'by DOT 
regulations (49 CFR 173.7) to approve and certify packagings made _ or under: 
the direction of the DOE, as long as the evaluation, approval, and 
certification are against, packagingstandards equivalent to those specified in 
the NRC regulations in 10 CFR Part 71.i Although the DOE will take title to 
all shipments of,spent fuel and will be the shipper of record with the ' 
authority to use DOE-certified packages, a procedural agreement (Federal  
Register, Vol. 48, p. 51875, November 14, 1983) has been signed between the 
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NRC and the DOEvit.:provides that:the , DOE will,,while :making radioactive-waste 
shipments from NRC-licensed facilitiesto facilities established under the 
Nuclear Wastelolicy Act (the.Act), use NRC7certifiedlackages. The agreement 
is currently lipited to matters ofhealth and safety incident to packaging.. 

The Act also restates-the requirement,that the DOE must comply with poT,:, 
regulations. :  A memorandum of„understandinvbetween_the DOE and the ,DOT 	- 
delineatesthe.respective responsibilities : and establishes common .planniUg... - T 
assumptions that the DOE and the DOT will observe in the implementatioti Of. 
transportation requirements under the Act (Federal Register,  Vol. 40, p.' 
47421,1:*Arember,18,J985). 1 

A.2.2-.ROLE.OF!STATES 

The States also have an important,role in regulating the i tianspoitation., 
of radioactive materials. Some Stites - have adopted DOT regUlatioti and apply 
them to intrastate,shipments_as yell.:as,interstate shipments._ A, particularly 
importantrole.ofthe State under,-.DOT regulations is that of deiignating. 
preferred highway routes for,shiOments.of the type of radioactive materials -_ -.:, 
that would , be.shippeci.underthe Act: (DOT,: 1984). 	morecomplete.discussion :  
of the States!roles:in highway,roUting is4mesented in Seciion.A.13.3.1. 

[..1 H7  

PARTICIPANTS IN THE ,,SHIPPING PROCESS 

Three major participants in the shipping process are subject to existing 
Federal regulations: the shipper, the carrier, and the receiver. The shipper 
is responsible for. ;  the transferof  the.radioactive materiakeven,though the 
material may be,physiCallytransportedby.someone.eise..,:The shipper must „. 
identify the contentsof the patkage, inform the carrier.lthe.actuall:, 
transporter).of the:contents of the package, and must notify the States 
through which a phipmentidll,pass .Also,,theshipper.must perform 	.... 
contamination an&radiation7level surveys,,preparesbipping :,papers, and 
certify on tbe.sbippingpaperathat the packageis.prOperlyprepared._:Tbi 
shipper,is,instrumental.jn,ensuring = thesafety ; of the,shipment.. "TtieCarrier 
mustHplacard the,vehicle.-PrTri4e 841Y traininvihat:maybe l required„prepare a 
route plan, and ensure that prescribed routes are followed. : The receiver 
generally acts to support the shipper:by inspecting shipments on arrival -and 
by preparing the transportation vehicle for the return trip, ensuring that 
contamination levels, if any, are below regulatory limits. 

The shipping participants under the Act are expected to be the DOE - as the 
shipper of,recor&Ithe,responsibility of :separate offices within the.DOE..for 
shipments.of.defense waste;t9:ePPPitory.hasnot  1:seendecided Upon'yet), 
commercialtransporters: as the,carriers,and the DOE'sOffice ofCiviliaU 
Radioactive Waste 144#4ePelat.OgaWm)_,  4; thereeeiver.  
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A:4 REGULATIONS RELATED TO'NORMAL TRANSPORTATION ..; 

The haZards of radioaCtiVemateriartranSOOrtation Undeenormal:- 
conditionSSie minimized by exiating'regulations: All radioactive materials 
emit penetrating radiation . ofvaryinkstrength and . penetrating power, and-
shieldingls-Provided in the packaging-to reduce this radiationto 
levels. MO administrative'regulationS hivelbeen'developed to (1) identify' 
packages that 'contain radiOactiveniaterial'and (2) limit exposures'to low 
levels. 

A package must be properly prepared and have proper markings- And labelS. ,  
In addition, a vehicle carrying radioactive material of the type that would be 
shipped to a repository must be placarded.for further identification. A 
tamper seal is used to show that a shipnient has not been opened by 
unauthorized personnel. Furthermore, the shipper must prepare shipping'papers 
and driver instructions that identify the materials being transported and 
provide'appropriate'instruatiOns for shipping. 

. 	.!• 	. 
Limitsare . preiCribed'for both . temperature and radiationdoserates .:. The 

accessiblssurfaCe temperatures Of`packages maynot exceed 82°C'(180°F).:Allost 
likely, the casks for the DOE'S waste-management prograM Will be designed:to' 
ensure that the radiationdose rates for thipMentsto a repository will:be at ` " 
the regulatory limit of 10 mrim/hr'et:2 meters'(6.6 . feet) froth the external' 
surface of the vehicle or trailer. A radiation dose equivalent to 1 year's 
exposure to natural background radiation would be received in 10 to 15 hours 
if a person were to stand at the 2-meter (6.07foot)_distance. Although these 
exposures are low, the labels And placards are intended to alert the public 
and to prevent prolonged inadvertent contact with a shipping vehicle or 
package. 

Since loose radioactive material may adhere to the external surface of 
the packagsor , the Vehicle4 external Contaminationis'alsomonitored to ensUre ,  
that it does not reach harliful levels. 

There arerMany othergu relitions that have animportant effect on thes 
safety and efficiency of. . 

	. 
redidacti4e-material shipments. These regulatiChs,-  

include requirements for• driver training and'qualification4 notificationtG 7  and' 
, 

safeguards. - - A good review '0 current'DOT regulations"can'be found in a recent 
DOT report (DOT, 1983b). The regulations are found in 49 CFR Parts 100 .-179  
NRC regUlations h are found' in lOrCFR Part 71 and Part 73. 

A.5 REGULATIONS RELATED TO MITIGATING THE CONSEQUENCES OF ACCIDENTS 

During . the- periOd frOmJ971 to 1981,, over 1,500 truck and rail  
of spent fuel were completed (NewMan, 1985)4 and'onlY 4 accidents' occurred 
(EmersOn and iitOure, 1983).'. TWorof these'aCcidenti occurred When:the casks'• 
were,eMpty.. NOnefof the casks released radioactive material. 

The packaging is the primary . means of protection in the event of an 
accident. The stringency of iegulatiOns for packagings is related to the 
hazard'of the radioactiis contents if they were to be dispersed during an 
accident. For the radioactive materials that will be shipped to a repository, 

cf; 

 

912 



The 	tests to which the same packaging is subjected are as 
follows: 

1. A free drop of 9 meters (30 feet) onto an unyielding target. 
(•• 

packaginga must -be detigned to preclude significant'releaseseven under-severe 
accident conditions.H Under the - conditions=of-the . vastmajOritrof incidentsi -
packaging design -willi)rediude-entitely:the releasenf material. This section 
discusses design criteria in regulations, while Section A.7 discusses proposed 
designsof-packaginga for'shipments to a repository. 

Among other requirements packagings for shipthents'to-a repository will 
have to survive the testing conditions identified:in 10 CFR Part 71. 1Thesei 
testing conditions:have been estimated to bemore4evere-than'those 
encounteredAn at least 99.9 percent of all=transportation accidents (McClure, 
1981).;':.SidemonStrating the capability to survive such-severe conditions, a -
packaging-can4e . expected to completely contain its contents during an-;* J1 -  
accident,r.and ihisliasbeen the experienceto . date:.L' 

2. A free.droplg meter (40 inches) onto a Puncture:probe of -a' 
specified size. 

3. An exposure to an engulfing thermal environment of 800°C (1,475°F) 
for 30 minutes. 

4. An immersion under 0.9 meter.(3 feet) of water for 8 hours. 

5. An .immersion under 15 meters-(50 feet) of water 	8 tours (an 
undamaged packaging may be used for this 

Information about .the basis for these specific -tests can be found in a 
report published by the International Atomic Energy Agency,(IARA, 1973). 

In the first four tests, the same package must be tested in sequence and 
in the orientation expected to cause the most damage. The extent:to which a-- 
cask survives such a test is measured by prescribed allowable leak rates and 
prescribed maximum exposure rates. at Specified distanes from the surface of 
the package. Segulations,:detailed descriptions," leak rates-and survival 
criteria'Canibe found in 10 CFR 71.51(a)(2)i' in100E Order 5480. -1, in an NRC 
regulatory guide (NRCi 1975),-andiin a:standard issued by the American•  
National Standards Institute'(ANSI, 1977). 

- Once a'package design to-be used for shiPments:to a.tepositorynot all 
radioactive-material packages must -  survive accident conditions) his been —
demonstrated to survive the rigorous accident 'conditions aswell-as many other 
criteria,g ,ceitificate of eomPlianciisissued: -The.certificate specifies' 
the operating' conditions under which the; package-may be used. 

- Moth the'regulations-and the certificatescan be%Modified Ito inalUde: 
experienCi that relates to , the.perfarmanceAA packagei. For example, in ev-i 
recent:Occurrence (Klingensmith et al.:, 1980), damaged spent fuel becathi.; 
oxidized during Shipment,and;i serious-contamination problem'risulted during 
unloading. ='As*result,-theINRC hasmodified-theleertificates of compliance 

...• 
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o€ ,currently certified spent-fuel casks to require that they be operated-With 
inert. atmospheres in the cask cavity. By using an inert gas in the cask 
cavity, the potential for fuel oxidation is substantially reduced. ". 

Since the transportation packaging, can be relied on for protecting the 
public during an accident, shipments can be allowed to occur in general 
commerce. Consequently, relatively, few Federal regulations for vehicles are 
imposed on the carriers of radioactive materials (excluding physical 
protection requirements) beyond.those required for the carrier of , any 
hazardous material, Vehicle-safety conditions are addressed by other Federal 
and State regulations, that are not specific to vehicles carrying radioactive 
material. For example, ,  truck.safety , is governed by the Bureau of.Moior ,  
Carrier Safety (49 CFR Parts 390-398), which imposes, vehicle-safety and driver 
standards on all interstate truck carriers. Along with other functions, the 
Bureau conducts unannounced roadside inspections ,of truck carriers and 
drivers. During an inspection, the weight and a variety of safety 
considerations, including vehicle lights and brakes and driver documents, are 
checked. For rail shipments, similar.inspection criteria and safety 
requirements have been promulgated by the Federal Railroad Administration in 
49 CFR Parts 209-216. Regulations) related to hazardous materials 
transportation by rail are discussed in Section A.13.4.2. 

A.6 REGULATIONS RELATED TO SAFEGUARDS 

An issue that has caused concern about the public risk due to 
radioactive7materiaitransportatim is the hazard posed by the sabotage of a 
radioactive-material shipment.• One postulated scenario is. the destruction of 
a loaded cask with well-placed explosives. Such an attack would be of 
particular concern if 	were conducted in a densely populated area. 

In June 1979,_the NRC-published regulation&for the.protection,of 	- 
commercialspent4uel shipments., In 1980, after reviewing-public comments and 
assessing its own experience in administering,these regulations,,the_NRC7-:: 
published amendments-tothesrule. The NRC further. amended the rule in-1982 to 
include State prenotification requirements. ,Th&amendeetrule,is currently. in 
effect as 10 CFR 73.37(a)-(f). These regulations were promulgated to address 
the- issue-of:safeguarding spent-fuel shipments against,acts of terrorism and 
sabotage, . including the potsible' hijacking and., mbsequent sabotage of such..: 
shipments. Known as physical-protection or "safeguard" regulations,these-- 
security rules - are distinguished- from otherregulations published , by the, NRC: 
and other Federal agencies that deal with.issues of safety:  affecting;the 
environment and public health. The safeguard regulations reflected analyses 
conducted- Wthe 	In partiCular,..an,NRC7sponsored,study,(DuCharme 
et al., 1978) suggested that .the sabotage oUspent-fuel shipments had. th&.-1. , - 
potential for producing serious: radiological consequences i*area&of,high 
poPulationdensity.-The NRCcOncluded,,thaCtoprotect public health and -7.to. 
minimizeAanger to;lifeand property. -Jt was prudent to'requir&that certain 
safeguard measures be taken to protect spent-fuel shipments until a more 
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precise and scientific analysis could be performed. The study had been 
concerned with areas of high population density, but, because of the 
possibility that shipments could be hijacked in,low-population areas and 
subsequently transported to high-population areas, the requirements applied to 
all shipments regardless of routing. 

The NRC stated in the preamble to the rule change that it had intended 
the original safeguard rules to be in effect until the results of s confirmatory 
research became available and could be analyzed. The NRC and the :DOE 
responded to this need for more testing by sponsoring separate but coordinated 
experimental programs.:; Both- programs were designed to yield information 'about 
the release of radioactive material from a specified reference sabotage event 
that was defined in terms of the expertise of the saboteurs, the amount of 
explosives used, the type of charge employed,and the characteristics of f the 
cask. The NRC-sponsored experiments (Schmidt et al., 1982) used model 
(small-scale)-explosives against simulated casks containing irradiated fuel. 
The program sponsored by the DOE (Sandoval et al., 1983) included one 
full-scale and several rsmall-scale experiments. 

The results of both of these latter studies showed that the likely 
release of-respirable radioactive particles from sabotage , and -the: resulting 
consequences of individuals breathing such particles are substantially smaller 
than the estimates made in the previous NRC-sponsored study that had prompted 
issuance of the original safeguard regulations. That study.had predicted 
several tens of early fatalities and hundreds of latent-cancer fatalities from 
sabotage in a densely populated urban area of a truck cask containing three 
fuel assemblies. The subsequent DOE and NRC-sponsored research predicted no 
early fatalities and fewer than 15 latent-cancer fatalities for the sabotage 
of a three-assembly cask in a similarly populated area. These latter 	, 
consequendes Would occur only under assumptions that are very favorable to the 
saboteur. Assumptions concerning the age of the spent fuel (i.e., the cooling 
period), population density, and the lifetime of respirable particles were all 
postulated at Worst- :or near-worst-case levels. When such aasutptions are 
changed tb Mott closely resemble typical or normal transportation situations, 
the resUiting consequences are predicted to decline further. 	r , 

In Able 1984, the NRC published proposed amendments to its existing 
safeguard regulations and solicited public comment. These amendments take 
into aCCohnt the results of the experiments sponsored by,  the NRC, and the . DOE ,  

but cont1hue to provide for protection against the loss of control over e 
shipment and the unhindered movement of, the shipment by a saboteur. The 
objectives of both the current rule and the proposed amendments are to-- 

1. Deny an adversary easy access to shipment-location information. 

2. Provide for early detection of hostile•moves against, orthe.loss of 
Control over, a shipment. 

3. Provide a means to quickly summon assistance frqmAocal 
law-enforcement authorities. 

4. Provide a means to impede the Unauthorized movement of a truck 
Shipment into a heavily populated area. 
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The current NRC safeguard' rule.requires-- 

1 . Advance nOtification;of:each shipment.to the NRC.-  
t - 

2. Maintenance of a communications 
progress of each shipment. 

3:' Keeping 'a written-log describin 
during the shipment. 

center , to continuously monitor the 

the shipment and significant events 

:4. Advance 
route.' 

5.-  Advance route , approvil bythe NRC. 

arrangeMentt:withLlocal law-enforcement agencies along-the-
. 

'Avoiding scheduleaJttermediate stops to the extent practitable..: 

7. At least one escort to maintain visual•surveillancesofthe shipment 
during stops. 

• - 	• 	- 	1 
8. Shipment:escorts to , tontact the communications center every Zhoursv: 

to report the status of the shipment. 

. Capability tnimMobilize-the cab or cargocarrying portion of 
shipMent transported by'truck. ---  

AIL Armed escorts in -heavilypopulattCareas 
• 

11. On,--board 'comMunicat ions' equipment: 

'124 -- Advance notification to-the'governOr . of a" State (orthe:governoeir' 
designee)ofa.shipmentto betransPorted within or throughlad 
State, givingthe estimated date . end'time of entry into the State and 
applicable;rOntinglinfOrmation.*-This information must not-be' 
publicly released until 10 daYs-afterthe -  shipmenthas'entered or 
originated within the State. 

All of these requirements will continue tnbeLin effect-for shipMents:of 
spent nucliaefuel that has - been cooled ltss,than 150 - dayi7because there. is16- 
currently riot enough inforMation anthe.coniequences'of sabotage'to'this.,L) 
"hottermfuel- to'warrantregUlatorymOdifications. - i 

fuel. 
The proposed amendments change the regulations for shipments of 
cooled 150 days or more by eliminating the requirements for-- 

spent 

1*.Mhintenante of a communications tenter. - 
2. Written logs. 
3. Advance arrangement with local law-enforcement 
4. Contacts eirery-2 hours by escorts. 
5. Armed escorts in 'cities. 	• 
6. Advance route approval by the NRC. 
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A.7.1 PACKAGING DESIGN 

At present; NRC's safeguard rules apply only to NRC licensees. However, 
DOT regulations require that DOE-owned spent fuel be shipped under a 
physical4rotection plan that is equivalent to NRC safeguard rules and has 
been approved by DOT (49 . CFR 173.22(c)). DOE Order 1540.1, which covers DOE 
transportition regulations, is being revised and will include physical 
protection procedures that essentially parallel the physical-protection 
procedures proposed by the NRC in 1984. 

'When , shipping commercial waste to a repository, the OCRWM will comply 
with whatever NRC ihipmenC-protection requirements are in force at the time. 
The NRC safeguard 'requirements'at present are limited to spent-fuel 
shipments. 'The OCRWM will work -with the NRC to establish the' need for, and 
the function Of, safeguard requirements for' the other radioactive waste that 
could be shipped' under the Act. 

Though transportation packagings have not been specifically designed 
to mitigate the Consequences ota sabotage event, they have been shown 
experimentally to limit to low'levels the potential adverse health 
consequences to the public. Predictions based on releases' experimentally 
determined in both DOE and NRC studies indicate that no immediate 
radiatioO-induced deaths and 'a small number of latent-cancer ,  fatalities would 
be 'expected even in a- very densely populated area (Sandovaret al:, 1983). To 
create the level of hazard encountered in the experiments,rsuch'sabotage 
attempts would have to be'performed by trained experts, and precise placement 
of the explosives in the most vulnerable positions would be necessary. 	- 

= In Order - to protect the health and safety of thepublic,:the packaging of 
shipments Made to t repository will be.as-strong as those used. in the 
experimental:studies. 

A.7 PACKAGINGS 

This section discusses the design and fabrication of transportation 
packagings, trends'An future - designsi-the designs.assumedlor the cost and 
risk analysis, and-possible4utureldevelopments. 

RadioattiVematerial.packagings, or casks, are designed and certified to 
carry tpecificcontents; This iS'necessary because of the unique thermal, :  

radiological, anecriticality:characteristics'of the.00ntents. 'Other 
materialican-becarridd in the cask only cif it can bethOwnthat . they present 
no greatei radiologiOal, -:therma4:orcriticalityhazards than.thoseApUthe 
certified contents: Seveial cask typeswillte'used for'transporting waste to .  
a repOsitOry. Generally, the size:of the - package will'be dictated by the mode 
of transportation. 
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. , The:type of: packaging. to be used for shipmentato!.a reposi.torr.ia ret 
quired to survive. the conditions :of both normaL , transportationaplaccidents, 
Survivalis determined by the extentto which the .packaging contains its 
contents,:ahieldsagainst excessive levels. ofradiation,. and,:preyentaa 
nuclear. chain reaction from occurring even after being subjected,tnthe 
prescribed hypothetical accident conditions: (see : Section 

A new packaging is designed through a rigorous process similar to that 
for other nuclear-relate& products. If a feasible design,is proposed, the 
design proceeds through an engineering analysis of its survivability when; 
subjected to the testing conditions. Physical engineering tests may be 
conducted during this stage to support analyses. - Proof of survivability, under 
accident conditions is required either through-analysis, full-scale or model 
testing, or a combination of both. Once feasibility and survivability are 
ensured, a final design is prepared. In the design of packaging used for 
commerical-waste shipments to a repository, all of this effort will be 
performed by the cask designer for the DOE under a rigorous quality-assurance 
program. Once the DOE is certain that the design satisfies all requirements, 
a safety-analysis report for packaging (SARP) will be submitted to the NRC. 
This SARP will contain la description of all analyses and will be the means for 
transmitting all operational and safety information to the te4iewer. Once. the 
NRC is convinced that:all criteria , have been satisfied, it• will: issue a 
certificate of compliance. 

.:Sincepackaging.certification;can.be based : on engineering_analysis, 
without actuarphysicattestingc it.A.sAmportant.to-haveiconfidencathatthe 
analytical results closely"represent! those• that; might, be . expected to occur,iV 
a packagaWereactually subjected. to: 	conditions.. Several' 
experimental programs, both-reduced-scale:andJull7sCalei-havebeen.run to 
produce carefully controlled accident environments that can be directly 
correlated. witivanalysis:(Jefferson,and Yoshimura, 1978)." ,The correlations 
have been reasonably . close, and much confidencechas,been•deve/oped in 
analytical modeling capabilities as a reliable and cost-effectiva tool , toH 
replicate response to accident conditions. 

A.7.2 TYPES OF PACKAGING, 

The analyses presented fortransportation;inthis environmental,,, 
assessment are based on the representative characteristics.ofa-new family of--
casks that are expected to be used to transport spent fuel and high-level 
waste. These casks either are being designed. now or will be deSigned, in'the 
future, and more accurately represent the type of packaging that will be used 
than do existing casks being Used:totransportcommercial,spentlfuel, -. 

As stated earlier,'packagings are designed forapecificcontents; 
spent7fUelHcasks4re no - exCeption.:.Theexisting casks thatarecurrently.inI., 
use ariadesignedtoshield, dissipatelleatiand prevent.aJnuclear 
reaction inapent4uel'that has juttcomeout.of a-reactor.HJtecausethespent. 
fuel tWbe - shippeCto a repositorywilllhave been out.ofthereactor formanT:: 
years:(5years:at - a . minimuM), - the existingicasks:are:"overdesigner : forthe 

Althoughthe-expectedradiation-aose.rateswouldbemuch lower:Ahan: 
thoid allowed by regulation, the cask payloads are also lower,than-optimum, 
thus requiring more shipments. The loWer radiological risk per shipment using 
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existing casks would be roughly offset by the increased overall risk that 
would result from the increased number of required shipments. 

The DOE is planning new cask designs that will increase payloads and 
substantially reduce the number of shipments. Table A-1 presents the cask 
capacities assumed for performing the consequence and risk analyses in Section 
A.8. These casks will benefit from past designs, but the application of 
current technology and analytical tools may allow improvements in design. For 
example, : new-generation casks will probably be designed to be handled entirely 
remotely and thui'will eliminate much routine'worker exposure. 

A.7.2.1. Spent-fuel casks_. . 

Figures A-1 and A-2 show a representative truck cask and a representitiVe 
rail cask that will be used to transport spent fuel to a repository or to.a • 
facility for monitored retrievable storage (MRS) if.such a facility 
approved by Congrest (seeSeCtion A.8.3.4). The 100 -ton rail cask depicted 
could also be used for barge transport. The truck cask will be able to ;. 
accommodate two spent-fuel assemblies from a pressurized-water reactor (PWR) 
or five assemblies from a boiling-water reactor (BWR). This represents.abOut 
a doubling of capacity over existing truck Cask's. The representative truck 
cask will weigh 21,773 kilograms (48,000 pounds).when empty; when the cask-is 
loaded on the tractor and trailer, the vehicle will Weigh less than 36,288 
kilograMs (80,000 pounds), -a weight that will allowitto travel relatively 
unimpeded by State weight limits for vehicles on the nation's highways. The 
cask may be constructed of carbon or stainless steel; shielding may be 
provided by steel, depleted uranium, or lead. 

The rail/barge cask will be able to accommodate 14 PWR or 36 BWR 
assemblies, again representing a doubling of current cask capacity. The 
concept shown has a stainless-steel body with a sufficient wall thickness:to . 
meet all structural and radiation-limit requirementsof regulations. 

The conceptual designs for both the truck and the rail/barge casks have - 
external impact limiters (shock absorbers designed to reduce-the effects 'of' 
accidents) mounted on the . caska,,as well as internal impact limiters' made of 
crushable honeycombalaterial.,  

A.7.2.2 Casks for defense and commercial high-level waste-- . 

An artist's concept of the truck cask for defense high-level waste (DIEW) 
is shown in Figure A-3. It will be able to carry one 0.6- by 3-meter (2- by 
10-foot) .  canister of vitrified defense waste (and possibly commerical 
high-level waste from the West Valley Demonstration Project (WVHLW)). When 
the cask is loaded on the tractor and trailer, the loaded trailer and tractor 
will weigh less than 36,288 kilograms (80,000 pounds). The cask. will be 
constructed of stainless steel and will have a shielding sleeve of depleted 
uranium and steel. The cask will have features that allow it to be remotely 
handled, and the impact limiters will not have to be removed during loading 
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From MRS. facility to 
repository,. 150-..ton,casks 	. 

Salt'sites 	. 	' ' 	. - Spent fuel 
Tuff site 	, 	.7- Spent fuel 
Basall, site -, 	Spent fuel 

From MRS facility to all 
sites. 	- 

1.00-ton casks • 

150-ton'casks 

Rail ' 

!Urdware.and.high-.: 
activity low-level' 
waste 	' 

Hardware and high- 
activity-low-level 
waste 

Contact4andled 
--transuranic waste .  (f) 

HIGH-LEVEL WASTE' 

Defense waste 
Truck 
Rail 

Commercial waste• 
Truck 
Rail 

Glass HLW. 
Glass HLW , - 

Glass HLW • 
Glass HLW 

Canister.. 
Canister 

Canister 
Canister 

72/150 
48/98 
.84/171 

Canister° .  

Canister°  

:iDrum 

Table A- . 	Reference cask capacities 

Origin,and destination Waste type' . 	Container Capacite 

SPENT FUEL AND SECONDARY WASTE. 

From reactors to repository 
or MRS facility 	. 

Truck ,;Spent fuel., Unconsolidated assemblies, .2/5. -  
Rail Spent fuel-. 'Unconsolidated assemblies 14/36 

From MRS facility to 
repository, 100-ton casks 
Salt sites Spent fuel Disposal container° 24/30 
Tuff site Spent fuel Disposal container° 18/42  . 
Basalt site Spent fuel Disposal container'. 24/45 

''PWR = pressurized-water reactor;.BWR = boiling-water reactor. , 
Pairs of numbers show the number of_PWR and BWR asiemblies, reipectively; for , 
example,1/5 mean 's 2 PWR assemblies or 5 BWR assemblies. 	' 

o Disposal containers suitable for direct emplacement in a.repOsitory.,:Container 
are different for each repository host rock. 

d In thin-wall canisters that would require encapsulation in disposal container at the 
repository. Canister sizes are different for each repository host rock. 

• A canister contains five 55-gillon drums. 
• Thirty-six drums per : transport package v .two . packages.per railcar. - 

' High-level waste from the West Valley Demonstration - PrOjectw 
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TIE DOWN 
TRUNNION 

LIFTING TRUNNION 	 STEEL CASK BODY 
SOLID NEUTRON 
SHIELDING MATERIAL 

DEPLETED URANIUM/STEEL 
SHIELDING LINER 

FUEL ASSEMBLY SUPPORT BASKET 

SPENT FUEL ASSEMBLIES 
INTERNAL IMPACT UMITER 

CLOSURE 
THERMAL SHIELD AND DUST COVER 

EXTERNAL IMPACT LIMITER 

3.7 FEET 

Figure A-1. Truck spent fuel cask. 
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400" 

.4e ■-- 	 ;fr 	SPENT FUEL ASSEMBLIES 

\ELT 	
STEEL SHIELD DISC 

7.1 

"%URAL SHIELD AND „ST COVER 

INTERNAL IMPACT LIMITER 
CLOSURE ' 

Figure A-2. Rail/barge spent fuel cask. 
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Figure A-3. DHLW truck cask. 
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and unloading. A rail cask may also be developed; and its capacity is 
expected to be five canisters of vitrified defense high-level waste (see Table 
A-1.) 

A.7.2.3 Casks for use from an MRS facility to the repository 

The DOE's Mission. Plan (DOE, 1985) discusses an improved-performance 
waste-management system that includes a facility for monitored retrievable 
storage (MRS). Fully integrated into:the system, the MRS facility would 
perform most of the waste-preparation functions now assigned to the 
repository. In particular, it would consolidate the spent-fuel ;rods,: which 
are contained in rectangular spent-fUel assemblies, into a tighter circular 
array, load the consolidated rods into a metal canister, and store the 
canister until shipment to a repository, where the canisters would be 
encapsulated in disposal containers and emplaced in the underground disposal 
rooms. It would also be possibleto have the MRS loact the consolidated-fuel 
canisters into disposal containers,, which would require no further preparation 
at the repository. 

Casks that would be used in transporting the consolidated spent fuel from 
the MRS facility to the repository have not yet been designed; , however, any 
design would be certified by the NRC. Scoping analyses have been completed 
and allow projections of cask capacities to be made. These projections are 
presented in Table A-1 for casks that weigh 100 and 150 tons. The larger cask 
may be feasible if an MRS facility is approved by Congress. The cask 
capacities depend on the host rock of the repository because each host rock is 
assumed to require a unique canister design and size.• 

The consolidation of spent-fuel rods at. an MRS .facility would separate 
the fuel from the structural components and therefore create another waste. 
type that requires disposal. This secondary waste is separated into three 
classes: hardware, high-actiVity . loW-level waste (HAW), and contact-handled 
transuranic waste (CH-TRU). It is assumed that the hardware and high-activity 
waste would be loaded into 55-gallon drums, with five drums loaded into a 
canister. Packaging capacities for these wastes are given in Table Al. The 
transuranic waste would be loaded into 55-gallon druMs and Shipped in a 
packaging that is assumed to have a capacity of 36 drums. Two of these 
packages could be carried by a railcar while only one could be carried by a 
truck trailer. 

A.7.3 POSSIBLE FUTURE DEVELOPMENTS • 

A.7.3.1 Mode-specific regulations 

Even with the safety record of packagings that have been analyzed or 
tested to survive accident conditions, the NRC is currently reviewing 
regulations defining accident test conditions in order to assess.whether the 
conditions sufficiently bound those experienced in real accidents. The 
regulations prescribing accident conditions for transportation.are not 
specific to the mode of transportation, thelmplicit assumption being that the 
conditions for all modes are covered by the.current standards. -Such,an, 
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asiuMption has been'questioned; and, in'response, the NRC is comparing the_ 
current standards with actual accident eXperience fOr'all modeS. 

A.7.3.2 Overweight truck casks 

Highway load restrictions limit the weight of truck casks, which in turn 
limits cask payloads. -In genera4these iimitationi are intended to protect 
the nation's highway system from damage. ,Considering the safety_ objective of 
minimizing the number ofapentfuel Shipments, however;'' the' 	in approving 
designi for fUttire - ciaka4 will balance the benefit of reducing shipments 
againit potsible'road'damage caused bYoverweight 

Slightly larger truck- catkacan'inCrease payload . CaOacity,Which,'in 
turn, can significantly reducethe niimber of shipments. The DOE•intends to 
investigate the4Otefitial oftheie larger casks and will Contider theirust if 
additional'' 	damage Can be minimized.-  The proposed use - of any overweight 
equipment -  will be'aubject to early review and comment by apPropriate'State 
offiCiali becauSe'the DOE IreCognizes the State as the permit-issuing'' authority 
for shipments' requiring' 	or Oversize•eqUipment over the'nation's • 

' 	) highWay'sytteM.'' 

A. 7.3.3 •• Rod consolidation 

Another way to increase the capacities of spent-fuel casks is to 
consolidate spent-fuel rods in a canister, as mentioned above for the MRS 
facility. By_so doing, cask capacities might be doubled. Preliminary 
inveitigaiiont 'indicate that, in terms of cask design, the'prinCiial probleMs- -  
associated with rod consolidation are the increase in weight and the amount of 
heat'tbat'inist bediasipated. 	1  

A.7.3.4 -Advanced handling concepts'' 

Since the number of radioactive-Material packages received and handled at 
a repository will be high, even the low levels of radiation at the surfaces of 
the packages would be sufficient to cause high total worker exposure. In an 
attempt to minimize worker exposure, the use of advanced -reMote-handling ., A 
equipment, such as robotics, for unloading the packages is being, 
inVestigated.' - 'New shipping ciski'wiWbe designed to - facilitate•the cask 
handling and:Unloading Operations:at the repository Or MRS fadility. 

A.7.4 CONCLUSIONS 

The design and performance'Of current packagings are adequate4orther 
specific-contents for whiCh'fhO'weredesigned.' However; the waste•to - be''  
transported td'a'repository -would not be efficientlytransported in'eXitting 
casks since it is older and cooler than theContents for'which.theCmiSting 
casks were designed (typically spent fuel cooled for 180 days). Therefore, 
new casks designed for-fuel .  at least'5 -4Cark-old-will be added to the fleet. 
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A.8.1.1 Normal transportation  

These casks-will.have increased capacities and features that facilitate remote, 
handling. •  teciuse these new casks more realistically represent,future 
shipping operations, the expected characteristics of these casks are used in 
this environmental assessment. 

A.8 POTENTIAL HAZARDS OF TRANSPORTATION 

• This section provides - a numerical estimate, of the hazard associated: . with,_ 
transportingradioactivtawasteto a:repesitory.j In response,to numerous 
comments received on the draft Appendix,A, additional emphasis was placed bri. 
the potential consequences to an individual, as oppoied to a general 
population. ;he goal was toanswer . the.frequent question: "What happens to 
me, .4  .? ALfter explaining the consequences :  that could,be,experienced by 
an, individual affected to a credible.maximum extent, theconsequenCes are 
extrapolated to a general population.and ..then finally are, combined with 
accident probabilities to, produce aaexpected,yelue.ofriakto the public. A., 
separate analysiawiaperiormed to-consider barge transporti !  which currently.. :  
is thought only;to provide a : potential supplementary role in the i transportation 
system (see to Section A.10). The potential uncertainties inherent in the :.  
results presented here are also discussed. 

It must be emphasized at this juncture that all analyses are thought to 
be conservative, and hence the risks they predict are expected. to be much - 
greater than the risk that may actually occur. 

A.8,1 POTENTIAL CONSEQUENCES. TO AN INDIVIDUAL EXPOSED TO THE rtAxptum EXTENT 

The analyses in this section are really ("snapshots,in time") where an 
individual is exposed as a result of a particular set of circumstances that 
may never happen and would probably never happen twice in exactly the same way 
or to the same individual. These analyses are specific to a single shipment, 
and details about shipping schedules and scenarios are deferred until,Section. 
A.8.2. 

Thilvsectionc presentsestimates of ;credible maximum radiation 	a doses 
 be receivediby a person from,selected activitiesthit-could result from T  

transportation operations. The activities are not related to accidents but 
rather could occur during normal operations, 

The results in the tables are taken from Sandquist et al. 
Sandquist et. al. represent. truck and rail casks with a simple analytical 
model : and T assumkthat the dose .  rates emitted from the casks are at regulatory 
levelv(i.e.,.. : atthe.maximuMjevelspermitted bi : existing regulations).,, ,-Table, 
A-2 presents t estimateslor a.truckcask,and,Tab/e.A-3.1.8 for a rail caskl --A; ;  
number:.0f:servicwor activities, areanalXzed4or  each 

; In order to explain what theresultajn the tables mean, consider Table, 
A-2 for truck. Undek the "truck servicing" category, the table gives the dose 
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Table A-2. Projected maximum indiVidisal.'expotures from normal .  transport•" 
(truck spent—fuel cask)• 

'Description = 
(service or activity) 

'Mean distance 	Maximum 
to center 	exposure 	Dose rate 

of cask (ft) 	time (min) 	and total dose 

Caravan 

Passengers in vehicles traveling in 	35 	30 	0.04 mrem/min 
adjacent lanes in the same direction 	 1 mrem 
as cask vehicle 

Traffic obstruction 

Passengers ih stopped vehicles in 
lanes adjacent to the cask vehicle; 
vehicles have stopped because of 
traffic obstruction 

15 	30 	0.1 mrem/min 
3 mrem 

.,_. 	,. 

Slow transit (because of traffic control 	20 	‘: 	0.07mrem/min 
through area with pedestrians). 	 ,--. 	'0;4 mrem ' 

Truck, 
	. 
stopfor.'driver's rest; exposures 	130 	.: ' 0.006'mrem/min 

to residents and passers—by 	 •'.3 mrem - !. 

Slow transii.thiough area with residents 	50 
(homes,•businesses, etc.)  

' 9.02'mrem/min 
0.1 mrem 

Truck servicing 

Refueling (100—gallon capacity) 0.06 mrem/min 

One nozzle from one pump 25 (at tank) 40 2 mrem 
Two nozzles from oneump l 25 (at tank) l'mrem 

Load inspection and enforcement 1 0° 12 • 0.2 mrem/min 
2 mrem 

Tire change, or repair of cask trailer 16d 50 0.1 mrem/min 
5 mrem 

State weight scales 15 2 0.1 mrem/min 
mrem 

• Thes•exposuret'should not be Multiplied-by the4xpected :ntiMberof shipments'to'a 
repository 'in an'attempt to calculate .a 'worst Case beCause the same individual would not be 
exposed for every shipment, nor:would these circumstances arise during every shipment. An 
individual4esiding100 feet•from a transportation route and witnessing every  shipment would 
receive an annual dose of 2 to 8 mrem, depending on the mode of shipment and the cask size. 

b  Assumed to be overnight (8 hours). 
o Inspection occurs near personnel barrier. 
d Changed tire is the inside tire nearest cask. 
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Table A-3. Projected maximum individual exposures.. from normal transport, 
(rail.spent—fuel cask)"  

Description 
(service or activity) 

 

Mean distance  Maximum 
to center  exposure  _Dose rate 

 

of cask (ft)  time (min)  and total dose 

Caravan 

Passengers in rail cars or highway .  65  10  0.03 mrem/min, 
vehicles traveling in same direction  0.3 mrem 
and vicinity as cask vehicle 

Traffic obstruction 

Persons in vicinity of cask vehicle 
stopped or slowed down by 
rail traffic obstruction 

20  25  0.1 mrem/min 
2 mrem 

Residents and pedestrians 

Slow transit (through station or  25  10  0.07 mrem/min 
because of traffic control)  0.7 mrem 
through area with pedestrians 

Slow transit through area with  70  10  0.02 mrem/min 
residents - (homes, businesses, etc.)  0.2 mrem 

Train stop for crew's personal needs  150  120  0.005 mrem/min 
(food, crew change, first aid, etc.)  0.7 mrem 

Train servicing 

Engine refueling, car changes,  35  120  0.04 mrem/min.. .  

train maintenance, etc.  5 mrem 

Cask inspection and enforcement by ,  10  10. 	0.2 mrem/min 
train, State, or Federal officials  2 mrem 

Cask—car coupler inspection  30  20  0.07 mrem/min 
or maintenance  1 mrem 

Axle, wheel, or brake inspection, 
lubrication, or maintenance 
on cask car 

25  30  0.09 mrem/min 
3. mrem 

' These exposures shouldnot be multipled by the expected nUMbir of shiPMents to a 
repository in an attempt to calculate a worst case because the•same individual would not be 
exposed for every shipment, nor would these circumstances arise during every shipment. An. 
individual residing:100 feet from a transportation route.znd witnessing every  shipment would. 
receive an annual dose of 2 to 8 mrem, depending on the mode of shipment and the cask size. 

A-20 



delivered to a person changing a tire on the trailer of a truck carrying a 
loaded spent-fuel cask. To change the tire, that required him to be only 5 
meters (16 feet) from the center of the cask. It was further assumed that 
changing the innermost tire (dual wheels) would take almost a full hour. The 
dose rate at the location was estimated to be 0.1 millirem (mrem) per minute, 
a rate that would produce a`5-mrem dose to an individual for the complete 
service procedure. This dose is about the same as that received on a 
transcontinental airplane trip. ;If this person were estimated to changemany': 
tires in a year, the DOE may impose administrative controls to minimize the 
accumulated dose. Such control could be something as simple as requiring 
temporary lead shields between the cask and the area where the tire was to be 
changed. 

Many of the services or activities analyzed would require administrative 
controls if they were to happen routinely. Routine occurrences either would 
not be allowed, or administrative controls would be applied to limit 
cumulative exposures. These types of activities and services will be more 
fully analyzed during the preparation of- the environmental impact statement. 
This analysis does highlight the fact that additional controls may be 
necessary for the large numbers of shipments that will occur under the Act, 
but it must'also be emphasized that the simplified model used by Sandquist et 
al. (1985) will calculate doses much greater than expected. 

A.8.1.2 Accidents  

Table A-4 presents the resulti of an analysis performed by Sandquist 
et al. (1985) to evaluate the individual dose that may result from three 
classes.of , very severe accidents--accidents that would produce conditions more 
severe than the regulatory test conditions. Accidents of this severity are 
not likely to occur during shipments to a repository. 

Each .set,of results in Table A-4 is for an accident in which there is a 
release from a rail cask carrying 14 PWR assemblies. The releases are 
consistent with those assumed in past analyses (Wilmot et al., 1983; Neuhauser 
et al., 1984)-and are based on the release mechanisms defined by Wilmot (1981). 

The three accident classes (4,.5, and 6) are taken from Wilmot et al.. 
(1983). These are very severe accidents, all of which would produce 
conditiOds greatlyjiceeding those specified in the NRC regulations. A Class 
4 accident would require a very severe impact (i.e., perhaps a 30-meter 
(100-foot) drop onto a granite slab). This impact would release adhered 
activation products and may rupture a few spent-fuel rods. A Class 5 accident 
requires a Class 4 impact with a subsequent very intense fire (a fire longer 
and hotter-than that of the regulatory test). A Class 6 accident requires a 
Class 4 impact and an even hotter fire than Class 5. A Class 6 accident would 
result in the severe oxidation of ruptured fuel rods. These accidents are 
extremely unlikely; they are estimated to occur once in a million vehicle 
accidents. 

The maximum dose received by an individual in the most severe accident is 
about 10,000 mrem; it would be incurred by a person standing about 70 meters 
(230 feet) from the scene of the accident. Most of the dose comes from 
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Dose (rarem )

a,b  

Plume 	Ground, 	Mist 
Accident class` 	. Inhalation 	gamma 	: gamati 	inhalation Total 

71 	91 	0.004 	6.300 

550 	0.0006 ' 10,300 

180 

6,100 

9.000 

5 

6 

Table A-4. Estimated maximum individual radiation'dose 
for railcask accidents 

a  Maximum individual dose occurs about. 70 meters,(230 feet) doWnWind of 
the release point .

. , 	-;• 	7 	- 

b  Values reported as the effective whole-body dose. 
Accident clast as defined by Wilmotet.al. (1983) .. :.Class 6 is"the .  

most severe, but all classes have probabilities:of less than 1 in a million 
accidents. 
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inhaling radionuclides from the plume. The dose itself would occur over 
decades and would come from radionuclides retained within the body. EVen if 
all of the dose were received during a short ("acute exposure") period, the 
individual would show no symptoms nor have his life threatened. An "acute"; 
dose of about 50,000 mrem would be required before any symptoms would ,  be 
observable; a dose of more than 450,000 mrem would be required -before the 
chance of dying within 30 days is 50-50 (NCRP, 1962). 

The doses calculited canbe greater or smaller, depending on the 
circumstances; however,•the analysei made no attempt to account foi the 
mitigating measures that-would immediatelybe exercised after an accident. 
Even such simplemeasures as staying indoors could easily reduce the-doses 
tenfold or more. ` 	tracking the release of material as it iti 

; 	I dispersed by the wind,.such advisories can be made. 

The dose received by a firefighter was calculated for an accident even if 
no radioactive material was released. If the firefighter spent - an hour; at the 
scene of the accident,:he would receive a dose of up to 24 mrem. • A 
description of this analysis is also given by Sandquist et al. (1985). If a 
firefighter was responding to:an - accident in which there was a , release and did 
not use breathing protectionOm'could be expected to receive a!dOteOFabout 
10,000 mrem,'as 'described above for the maximumally exposed individuaL'' With 
breathing protedtion; the dose could easily be reduced to less than 1,000 mrem. 

A.8.2 CONSEQUENCES TO A LARGE POPULATION FROM VERY SEVERE 
TRANSPORTATION ACCIDENTS 

In this section, some - doses_are calculated for a large population, not 
just for a single individual as in Section A.8.1. The accidents analyzed are 
very unlikely, on the order of lcin a million accidents or less. ' 

Two scenarios Are - postulated: : (1) an accident where material 'is released 
during an accident,''dispersed, and deposited on the ground and (2) an accident 
where the radionnaidet:released are deposited in a reservoir that 4s used for 
many purposes, including drinking water. The three most-severe accident! 
classes defined by Wilmot et.:al. (1983) are considered, as described in 
Section A.8.1.2 jhreeexpOsure_pathways are considered: inhalation, ! 
cloudshine, and groundshine..:Wfourth, the inhalation of resuspended dnst, 
was found to be unimportant in comparison with the other three. As shown in 
Table A-5, in the most-severeaccident in an urban area, 22 latent-(cancer 
fatalities are prediCted fOrthe ground-deposition case and 13 for the 
water-deposition:case.' These values are based.on the assumption that no 
mitigating administrativecontrol or accident-scene clean-up takes place.' 
Evacuation would.  reduce -these numbers, as would cleaning up the contaminated 
areas. In the water7deposition - case, no credit was taken for the normal 
settling and filtering processes:Oat take place during water treatment and; 
would certainly 1* imploYed after_ an accident. Details can be found in the 
report by Sandquist tt.al.'(1985).. 

- • 
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	 41E4g4aSg. 	  Urban area  	 Rural area° 	 
Accident 	plume , 	Ground.- 	:Plume 	Ground 
consequence 	Inhalation 	gamma 	-gamma 	Inhalation 	 gamma 	Oug.a  Total  urban ,area,'' 

CLASS 4 ACCIDENTS° 

Water release in 

0.33 	940 

17 	110,000 	110,000 

22 

150 " 

13,000 	13,000 

3 

110 	2.2 .  

Population dose 
(man-rem) 

Number of latent-' 
cancer fatalities' .- 

0 	0.005 	0.0005 	1.4 	1.4 	180 

0.2 	 0.0003 	0.04 

CLASS 5 ACCIDENTS °  

0.2 	0.003 21 	•6,900 - 

0.004 	1.4 

CLASS 6 ACCIDENTS 

0.2 	0.03 

21, 

170 	170 

0.04 

63,000 - 

13  

Population dose 
(men-rem) 

Number of latent-
cancer fatalities4 

Population dose 
(man-rem) 

:Number of latent7 
cancer fatalities' 

Table A-S. Estimated 50-year population dose for rail-cask accidents" 

" Estimates based on the assumption that there is no cleanup of deposited radionUclides.. . . 	_ , 

8  The ground dose , is- the dose that would be received if each member of the population.stayed at,the same location for 50 years.• 
t: The inhalationdose is a 50-year dose commitMent.from the inhalation of the passing plume. _Doses' are for the'population within-80 

kilometers (50 miles) of the release point. 	• • 
C Urban area•assumed to have 10,000 people per square mile. 
° Rural area -assumed to have.16 people per squareimile.! 7 • 
1  Population dose from water ingestion. The noble gas krypton-85 is omitted. because of_its negligible uptake by a surface-water: 

body. Population-dose. estimates based on 	1-billion-gallon reservoir that supplies the domestic, agricultural, and 
industrial needs. of 37 million people.-,No radioactive :  settling., or filtration is assumed.- ,The water-release accident is much 
less likely to occur than either'of the air-release accidents. 

F Accident.classes-as defined by Wilmot et al. (1983). 
Dased.on-tman-rem'.z 2 - x 10-4  latent-cancer fatality plus first- and second-generation genetic effects..  



A.8.3 RISK ASSESSMENT- 

nThelneceding:section presented-the consequences . of-anaccident to a 
large population:,- This section examines the expected riskto_the-public (as a 
group'bf-individualS),by.inCluding not ' only the consequences but:Also they-
probability of .the!accident.. The:results depend on shipment. logistics and 
schedules for all -shipments. In order - to describe the-results more  
and-to eXplain'the - differences between the results presented in the draf.t 
appendix and-in-this final.vetsion,Ahis section. briefly describes .the, 
compatationaLmodeld'and the . revisions.madeln-the models, the 1 . 
waste-management scenarios that were analyzed, and .'assumptions about : he waste. 

A.8.3.1 Outline of method for estimating population risks  

:11y. recognizing - similarities and uniformities over a national or large _ 
regional scale , simplifying assumptions were made in:therisk7-assessment„ 
calculations.:SuCh simplification is justified becauseAhe importance of the.. 
results presented is not so much in their:absolute.valUegLbut rather4nteir 
relative magnitude when compared among the potential repository sites. 

The most important simplification was to create "unit-risk" factors, 
which represent : the - riskoransportation for a.unit.distance of : traveljn.a.: 
defined population zone. The use and developMent of Unitrisklietoti have 
been described by Madsen et al. (1983). 

Oncethi)unit-risk - factors have been obtained for thepopulation zones 
required:lit thii:analysis, three different population densities were 
consideredhAhree othet factors: are meedecLto:evaluate the -total risk of:. T. 
transportation to a . site: (1) the total distance per2triP, (2).1thelraction 
of travel in each of the population zones, and (3).the number,of.shipments 
that may occur. Actual distances for representative routes were calculated 
from each reactor -  and' 	source to the potential: repository sites. The 
number:of , Shipments.wascalculated.from detailed.logisticssiodelsthat are 
beat destribed inthe detailed=text . of Shay . et 	 llowthejraction 
of travel in!the.vatious population zones was,determined :lsdiscussed :.by 
CaShwelletal.:(1985). - ItAs;sufficient,here to:mention:that.actualj980  
census . detirwerexeduced to population contours,:which.in turn-yere . overlaid„ 
on postulated routes.11hediStanceof travel-in each zone was subsequently .  
translated to :a fraction of.'travel. 

A.8.3.2 Computational models:and methods for estimating. population risks  

The analytical:AoOls:(i.e.,:the analytica/modelvor codesused : in this 
analysis) have been extensively'documented.elsewhere,.And,theAnterested 
reader is encouraged to review this documentation for detailsof model 
development (AEC, 1972; NEC, 1977; Taylor and Daniel, 1977, 1982; Madsen 
et a1.:6 . 1 1983; WilMot et al.4:,. 1983;:lieuhauser et a1. 1 )1984)* This section 
identifies the 	Showsilhatthey baver.been:developed unsed, and 
verified sufficiently to establish' their credibility. 	:; 
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The RADTRAN-II code, which was used to calculate the radiological 
unit-risk factors, is the product of about 10 years of development.: Its 
precursor was used to produce the environmental assessment usedln,Interstate 
Commerce-Commitsion (ICC) hearings concerning-the issue of hauling radioactive 
material intraini dedicated to radioactive.matetial (ICC,.1977). HRADTRAN. was 
used to produce; documents-that are current. standards for evaluating ther.isk 
of tranSpOrting radioactive materials. (NRC,'1977, 1983). Furthermore, the '  
code has been used as.the.basis for other significant riskassessment 
including METRAN:(Finley at al., 1980), which evaluates the risk:of 
transportation ituurban areas, anciINTERTRAI“Ericson and Elert,.1983), which,: 
is the risk-assessment tool' of the International Atomic . Energy Agency.-- 

The nonradiological unit-risk factors were calculated from available data 
collected from actual transportation records (Cashwell et al., 1985). 

HIGHWAY (Joy et al., 1982) and INTERLINE (Peterson; 1984) are routing 
models for highway'and rail shipment.= Developed over the past several years, 
they are updated periodically to reflect current road,and'track conditions and_ 
railroad ownership. They are benchMarked against reported mileages and 
observations-of'coMmercial truck:and rail firms. 

A.8.3.3 Changes in the analytical models and methods for estimating  
population risks  

Many significant improvements have been made in the analytical models and 
methods since the analyses were by completed by Neuhauser et al. (1984), for 
the draft environmental assessment. A couple of the modifications have 
resulted in significant changes in the absolute value of the expected results, 
and therefore it is important to identify them. The interested reader is 
encouraged to review the references given. 

The most important improvement was made to the railstop model in 
RADTRAN-II, which calculates the occupational and public dose accumulated as a 
truck or train is stopped during transit. The primary basis for the change is ;  
a survey performed by an expert in railroad operations and documented by 
Ostmeyer (1985a). The railstop-exposure model can treat both general-freight 
and "dedicated-train" (see Section A.13.4.3) shipments. The model classifies , 
railitop exposures into two types: employee proximity exposures and general 
rail-and-nonrail population exposures. The proximity exposures are received 
by employees who handle waste shipments at railstops. In the case of 
general-freight shipments, these exposures result from train classifications, 
car repair, and train inspections. The dedicated-train proximity exposures 
result from train inspections and car repairs. =General rail-and-nonrail2 
exposures are received by railyard employees not handling the shipment and the 
general population' that surrounds the railyard. Unlike crew'proximity 
exposures, which depend on the number of train "handlings," general-population :  
exposures depend on railstop duration. 

Another major. ohange to RADTRAN 	addition of a food-lineation - 
model. ''Population-dctes from food ingestion are estimated by'usinu 
radionuclide transfer fractions.: The model is documented by:Ostmeyer et 

'A-25 

1R8I 2 	TO 



(1985b). :Populatimlood exposures'are estimated only.for accidents that 
occur in'rural areas. loWeverc'because of the nature of the model, 
food-ingestion doses are - not limited.to the residentsOf :rural areas. 

rood . transferlfractions . Weredetermined.for.cobalt v 'cesium, strontium, 
and plutonium radionuclides. All other radionuclides will make negligible. 
contributions to food-pathway risks for waste-transportation accidents. Each 
transfer fraction represents"thetime7integratee transfer . of. the 
radionuclide through the food-ingestion pathway. Transfer.fractions were 
determined by using both empirical fallout data and systems-analysis models. 

'••• 
The occupational and nonoccupational nonradiological Has for rail 

accidents were 'updated to be consistent with the most recent edition of-
National Transportation Statistics (DOT, 1985). In addition, the calculation 
of risk associated with dedicated trains was updated to incorporate the 
appropriate statistical base.- TWo . years - of aecident'data, 1982Land 1983,.are 
cited In this document; to obtain statistics for the analysis performed here, 
the data for both years were averaged. 

For calculatingallof the radiological and nonradiological 'risks 
asSOciated'with:incident.giee rail transportation, input.Must be in termslof 
fatalities per lailcar-kilometer and injuriei per railcar-kilometer. For 
general-commerce rail transportation, average occupational and nonoccupational 
accident-related fatalities are divided by the appropriate average values for 
railcar-kilometers of Class I freight. The number of injuries are derived 
from the numberi:Of fatalities.  

However, unlike.all:radiological riski -andIncident-free - nonradiological 
pollution 'risks, which depend on train length, the nonradiologiCal-accident 
termlx AoMinated by 'grade-crossing accidents, whose occurrende:depends solely 
on the number of trains rather than the length of trains carrying radioactive 
waste. Consequently, for dedicated trains only, the unit risk_factors are 
expressed in termsof,:xitk_pertrainrather:thanrisk - per railcar. Dedicated.- 
trains are assumed for shipments from the MRS facility. Further details are 
given by Cashwell tetal;-(1985). , 	- 	 - 

a'netho'd'was developed for 
reflect changes 'In population'densities. 
presented below: ' 	. 

- 	- 

modifying .unit -risk-factorsto 
A brief discussion of-this method is 

, 	. 

' In the relationships given below, five symbols are used. They are 
defined as follows: 

-Ffft :A•one-, Aind MatetialL4ependent;riik -factor based on 
-sUbUrbani andurban:pOpulation.denSities of 6,-719, and 3,861 
'Persons'per EquaieAilometek,respectively.  

F2= Any revision to F1 desired because of'ivehatige inspopulation 
density. 

S := One of the pdpulation" detisities (6# 719, or 3 861 persons per 
squire kilometer). 	- 

The altefed Value - ora'population density. 	- 
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NoAradiological Risks  

Normal nonoccupational fatalities 
Accident occupational fatalities  
Accident nonoccupational fatalities 
Accident injuries 

Fz  = (§2/5,1)Ft 
Unchanged 

- Unchanged 
,Unchanged. 

A.8.3.4 Transportation scenarios. evaluated for risk analysis  

Mode 

Truck 
Train 
Dedicated 

Train 

a= The fraction of the normal nonoccupational radiological risk 
contributed by offlink exposures to the general population [a 
offlink/(unlink + stops + offlink)]. 

The following values of the,quantity a were used for each mode and population 
zone: 

The resultant radiological and nonradiological risk factors are as follows: 

Radiological Risks  

Normal occupational fatalities 
	

Unchanged , 
Normal nonoccupational fatalities 

	
F201 ,Fl[a(62/61) 

Accident nonoccupational fatalities 
	

F2= (§2/§1)F1 

The DOE has described two different waste-management,systems-in the 
Mission Plan (DOE, 1985): an authorized system and an improved-performince 
system. In the authorized system, spent fuel, and defense high-level waste 
would:be shipped direCtly:frOmthe,sources (reactors and,waste sources) to the y  
repository. In the improved-performance system, a centrally located MRS :  
facility would be used to prepare the spent fuel for disposal in the 
repository 

The rate at which the repository would accept spent fuel and high-level 
waste is given in Table•A-6 for the authorizedMrstem The high-level waste 
is assumedtO be'sent directly totherepostOrTiunder either,planThe 
volume of defense waste that'is used for this analysisjs greaterthan that 
presented in the Mission Plan in order not to underestimate the environmental 
impact oLtranaporting this waste. 

Several cases are considered for the improved performance system; they 
are defined by changes to two inputs: -(1)ithejiize ofhe caskuseCtoH 
transport waste to the repository from the MRS facility and 	location 
to which reactors west of the Rocky Mountains (longitude 100°W) ship their 
spent fuel. Two cask sizes were considered: 400 and,150 tons.LReactorswest 



Table-A-6. ,Repository waste-acceptance.schedule for the authorized system 
tons,of uranium). 

High-level wastes ' 
Savannah 

Year 	Spent fuel 	River 	INEL` 
	

Hanford West Valleyd  

1998, 	;, 00_ 
1999 :c; 	i.too .. . 
2000 	400 
2001 	900 
2002. .. 	..1,800 ;  _ 
2003 , 	_ 3,000 1 	350 
2004 :: :„„$,000 	-350. 
2005- 	:3,000 	350 
2006 	, :2 	3, 000 ;, 	;ii, : - : 35o : ,, 
2007. . 	.3 .0131 	i- 350,, :  
2008 	: -3,0* .: 	200 
2009_ 	- 34000: 	200 
2010 	3,006: 	200- 
2011 	; . 3,000,„ 	200 
2012 	;,3,000,' 	200 
2013,.. 	 3,000, 	200_ . 	.  
2014 	3,000 	200 
2015 	3,000 	200 
2016:: 	3,000,_ 	350.. 
2017 	,i 3,000 	,35i0- 
2018 	•,.3,000 	350 
2019 	3,000 	350 
2020,..39000 ,L 	:.r 	350 
2021 	3,000 	350 
2022 	1,100 	350 

20, 
20  

75 1: 	20. 
75 	20. 

,75 	20 
300 	75  - 	. 20 
300 - 	.; 75 	20 
300 • 	75  
300 . 	75 	20 

_ 300 	75. 	, , 20 
300 	75 	20 
300 	75 	.20 
300 	75 	20 
300 	:75, 	.20 
300 	,75 	20 .  

—300 , 	20 
390 	20: 
300  = 	.20 
300 	20 
300 	20 

75 
75 .  

. 	 . 
. 	 ... 	 _. 	_ 	 . 	, 

	

,i A canister of high-level waste contains the 	products from.the, ,  

	

, 	c 	. 	,.    

	

reprocessing of 	of jspent_fuel. 	- , 	 ,. - 	,- .- 	- 1,    	,.  	• 	. 
The values , given for bigh-level wasteweredeveloped : for use in these 

EAs. They„are believed to!be maximumymlues ; that wouldlapt Tbecxceeded jand.do ::  
not reflect.eipecied values.-,TheydOnot compare with.theyaluesAgiven in. the-., 
Mission Plan (DOE0985). 	, • 	; 

• Idaho National Engineering LaboratoFY, 
d Commercial high-level waste from the Weii Valley Demonstration 

Project.. 

1c="29 
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of longitude 160°WWere4stuthed't&ship'elther'direCtly to the repository or 
to the MRS facility. All four tOmbinationtWere'Considered. The 
waste-acceptance rates for the MRS facility and the repository are given in 
Tables.A-7..and A-Ftfor theAwo cases. involving different destinations for_the_ 
spent fuel from western reactors. 

A.8.3.5 .Assumption about_wastes  

Detailed descriptions of the spent fuel and miscellaneoutiwastes are 
given by Cashwell et al. (1985); however, some basic assumptioUs'fundamental 
to the risk analysis are presented here. 

The spent fuel was assumed to be 5 years old if shipped froM , the reactors_ 
and 10 years old if shipped from the MRS facility. In order to boUnd the 
consequeriees, all analyses assume that the composition of the radionuclide 
release during postulated accidents is derived from a pressurized-water 
reactorThe fuel burnup was assumed to be 33000 MWd/MTU. It .was assumed 
that thetpent-fuel'atsemblies have limited amounts of radioactivity ("crud") 
on their exterior surfaces; this can be knocked loose and readily , releasecito 
the inside of a cask under accident'' conditions. Spent fuel shipped from the 
MRS facility is consolidated and shipped either in a thin-wall±:  
repository-specific canister or encapsulated in a container designed . 
specifically for dispoial in one of the differentrepository hostrocks. (The 
repository-specific canisters woulitbe encapsulated in disposal'Oontainert at 
the repository.). 

Thelhigh-level waste--defense ' high-level waste from three reprocessing 
plants and commercial` high-level waste fromigest Valley Demonstration 
Project-was assumed to have the composition of defense waste from the 
SavannahRiver Plant. Therefore, each canister:ofyaste was assumed to 
contain the inventory resulting frosHthe processing of 0.5 MTU of spent fuel.:' 
The waste matrix was assumed to be a glass. 

The wastes resulting from fuel consolidation—hardware,. high-activity-
low-level waste, and contact-handled transuranic waste (CH7TRU)--were assumed 
to be shipped along with.cOniOlidated-Ipent fuel to the repository The 
hardware contains activation products; the highaCtiVity'low-level waste'also' 
has sigaificant-AmoUUta -oCfistion- products; and the 'contact-handfed 
transuranic waste contains mainly transuranic radionuaides, which pose no 
partiCularreiterhairadiatioritizard. Tht high-activity . low-level"4iste'and 
the hardware are placed in drums and then five drums are-loaded into a .- 
canister; the transuranic waste is packefi-in.  

A.8.3.6 Operational considerations in risk analysis  

Shipments from the reactors and HLW processing plants are made by truck 
or rail in general-commerce shipments. Cask sizes are limited so that no 
special restrictions are encountered enroute. Shipments from the MRS 
facility, however, are made in dedicated trains that haul only the radioactive 
material being shipped to the repository. The reference dedicated train 



Table A-7. Receipt rates for scenario involving all reactors 
shipping to an MRS facility  ' 

Year 

Spent fuel°  (MTU)  
All reactors  MRS to 

to MRS  repository 

Secondary waste products to repository  

 

Hardware  High-activity  -CH-TRU °  

 

(canisters)  waste (canisters)  (drums) 

1996 - -400-.-- 
1997 1,800 
1998 3,000 400 35 
1999 3,000 400 35 
2000 3,000 400 35 
2001 3,000 900 79 
2002 3,000 1,800 158 
2003 3,000 3,000 264 
2004 3,000 3,000 264 
2005 3,000 3,000 264 
2006 3,000 3,000 264 
2007 3,000 3,000 264 
2008 3,000 3,000 264 
2009 3,000 3,000 264 
2010 3,000 3,000 264 
2011 3,000 3,000 264 
2012 3,000 3,000 264 
2013 3,000 3,000 264 
2014 3,000 3,000 264 
2015 3,000 3,000 264 
2016 3,000 3,000 264 
2017 2,800 3,000 264 
2018 3,000 264 
2019 3,000 264 
2020 3,000 264 
2021 3,000 264 
2022 1,100 97 

Spent fuel-441y; high-level waste is assumed to be shipped directly to a repository 
in the improved-performance system, bypassing the MRS facility (see Table A-6). 

b  Contact-handled transuranic waste. 

33 
33 
33 
74 

147 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 
90 

74 
Y 74  

74 
166 
331 
552 
552 

552 
H,552 

552 
552 
552 

552 
552 
552 
552 
'552 
552 
552 
552 
552 
552 
202 



Table A-8. Facility receipt rates for scenario involving only eastern reactors 
shipping to an MRS facility 

Year 

Spent fuel CMTU1 
Secondary waste products to repository Eastern 

reactors 
to MRS 

Western 
reactors to 
repository 

MRS to 
repository 

	

Hardware 	High-activity 	CH-TRU 

	

(canisters) 	waste (canisters) 	(drums) 

1996 
1997 

370 
1,665 

1998 2,775 30 370 32 31 68 
1999 2,775 30 370 32 31 68 
2000 2,775 30 370 32 31 68 
2001 2,775 67.5 832.5 73 68 154 
2002 2,775 135 1,665 146 228 306 
2003 2,775 225 2,775 244 228 511 
2004 2,775 225 2,775 244 228 511 
2005 2,775 225 2,775 244 228 511 
2006 2,775 225 2,775 244 228 511 
2007 2,775 225 2,775 244 228 511 
2008 2,775 225 2,775 244 228 511 
2009 2,775 225 2,775 244 228 511 
2010 2,775 225 2,775 244 228 511 
2011 2,775 225 2,775 244 228 511 
2012 2,775 225 2,775 244 228 511 
2013 2,775 225 2,775 244 228 511 
2014 2,775 225 2,775 244 228 511 
2015 2,775 225 2,775 244 228 511 
2016 2,590 225 2,775 244 228 511 
2017 2,800 225 2,775 244 228 511 
2018 225 2,775 244 228 511 
2019 225 2,775 244 228 511 
2020 225 2,775 244 228 511 
2021 225 2,775 244 228 511 
2022 82.5 1,017.5 90 83 187 
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consists of five Spent-fuel-casks, two hardware casks, two.high-activity-waste 
casks, and one railcar carrying contact-handled transuranic waste. The 
dedicated train has different operational characteristics than a 
general-commerce train, and the analyses reflect those differences. 

A.8.3. 7 Values far factors. needed to calculate population risks  

As describedin Section A.8.3.1, four factors are needed to assess the 
population riOcs-fiom waste ..transportation unit risk factors, shipment 
distances, frictions of travel in various Populatidnzonea, and the number of 
shipments. 

'Tables A-9 through A-12 present all of the unit risk faators used' in the 
analyses.made for this environmental assessment. Tables A-9. and A-10 give the 
factoralOr shipments that originate atthe reactors and the HLW processing 
plants. The unit risk factors are given for truck and rail shipment and for 
each population zone. All rail factors arelor an individual railcar in 
general commerce.:Table A-9 presents'estithatesof the radiological risks froth' 
normal transportatiOn and accidents. The normal risk is subdivided into 
occupational and nonoccupational categOries..,-The accident risk is not divided 
by Occupationil' -aitegory because potential'exposures.for each'category are 
similar 	Seetion A.8.1.2),:and the population density Used in the 
calculations' can-be to iaelude both categories. Table - A40 
presenti ettithatet'Of the nonradiological Risk. 

r. 

Tables A-11 and A-12:contain risk factors•for shipments.that originate at 
the MRS facility. Separate factors are given'for consolidated fuel shipments - - 
in both the ..100and.1507ton casks and for the secondary wastes that are 
generated in consolidation. All shipments from the MRS facilitrwere.assumed 
to be by dedicated train, and therefore the unit risk factors are - for a 
complete train (i.e., the factors are on a train-mile, rather thana 
railcar-mile, basis). 

Shipment distances are found in Tables A-13 and A-14. Table A-13 gives 
the distances from a few chosen reactors in different regions of the United 
States to the MRS facility and each repository site and from the MRS facility 
to each repogitory site. A•complete listing of reactors can be found in the 
report by Cashwell et al. (1985). Table A-14 shows the distances from the HLW 
sites to the various repository sites. A summary of total shipment distances 
is given in Table A-15 for each transportation scenario evaluated for the 
authorized system and the improved-performance system. Distances are given 
for the cases where shipments are made by all truck or all rail. For two of 
the scenarios estimates are given for each waste type to provide a perspective 
on the contribution of each. 

The fractions of travel in the various population zones are found in 
Tables A-16 and A-17 fok the selected reactors and the HLW processing sites, 
respectively. Routes from each source are analyzed to determine the 
approximate amount of travel in each of the population ones. Further details 
and all remaining reactor data can be found in the report by Cashwell et al. 
(1985). 
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Table A-9.  Radiological - risk factors for shipments from 
waste sources to a repository or MRS facility 

Mode Zone Hazard group Spent fuel °  OHLW° WHLW° 

• 

Truck Rural Normal occupational fatalities 4.70E-09* 4.14E-09 4.14E-09 
Truck Rural Normal nonoccupational fatalities 2.84E-08 2.54E-M 2.54E-08 
Truck Rural Accident nonoccupational fatalities 3.10E-13 2.56E-13 1.79E-13 

Truck Suburban Normal occupational fatalities ' .  1.03E-08 -  9.10E-09. 9.10E-09 
Truck Suburban Normal nonoccupational fatalities 4.36E-08 3.92E-08 3.92E-08 
Truck Suburban Accident nonoccupational fatalities 7.46E-10 1.08E-10

. 
 

Truck Urban Normal occupational fatalities 1.72E-08 1.52E-08 1.52E-08 
Truck Urban Normal nonoccupational fatalities 5.96E-08 5.36E-08 ' 5.36E-08 
Truck Urban Accident nonoccupational fatalities 

.  , 
1.22E-09, 2.16E-10 1.52E-10 

Rail Rural Normal occupational fatalities 2.14E-09 .2.04E-09 ' 1.03E-09 
Rail Rural Normal nonoccupational fatalities 1.15E-09 1.03E-09. 1.03E-09 
Rail Rtiral Accident nonoccupational fatalities 1.34E-12 5.56E-13 5:40E-)3 

Rail Suburban Norial occupational fatalities 2.14E-09 2.04E-09 2.04E-09' 
Rail- Suburban Normal nonoccupational fatalities 7.70E-09 6.90E-09 6.90E-09-  
Rail Suburban Accident nonoccupational fatalities 2.78E-09 2.72E-10 2.64E-10 

Rail Urban Normal occupational fatalities 2.14E-09 ' 2.04E-09. 2.04E-09 
Rail Urban Normal nonoccupational fatalities 2.58E-09 2.32E-09 2.32E-09 
Rail Urban Accident nonoccupational fatalities 6.72E-09 5.08E-09 4.92E-09 

!  , 
o Radiological risk factors per kilometerof travel .. rTo•convert factors•to•risk per mile. 

multiply by 1.609. Based on 1 man-rem = 2 x 10 -4  latent-cancer fatality plus first- and 
second-generation genetic effects. 

b Unit risk factort'forlgeneralcommerce truck and rail transportation of spent fuel;. 
units are per kilometer.for truck, and per railcar-kilometer, for rail. 

o Unit risk fa4Ori fOr.geneial-commerce truck and rail transportation of defense 
high-level wastes; Ohits'arti per kilometer'for truck .  and per.  railcar-kilometer for rail. 

d Unit risklactorsfOrgeneral-comMerce . truck and rail transportationorcommercial 
high-level waste from West Valley; units are per: cilomiter fortruckand per railcar-kilometer 
for rail. 

• 4.70E-09 = 4.7 Z 10 -° : 
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Table A-10.  Nonradiological risk 4aOtors for shipments from waste Sources ;  
to a repOsitCry  or MRS facility° 

Mode Zone Hazard group Spent-fuel° OFHLW WVHLWd 

Truck Rural  Normal nonoccupational fatalities: 0:00E+00 ; 0.00E+00 0.00E+00 
Truck Aural ACcident occupational fatalities  - 1:50E48• 1.50E-08 1.50E-08 
Truck Aural .  Accident nonoccupational fatalities 5.30E-08 5.30E-08 5.30E-08 
Truck Aural ACcident occupational injuries 2.80E-08 2.80E-08 2.80E-08 
Truck Rural  5 Accident nonoccupational injuries; 8.00E-07 8.00E-07 8.00E-07 

Truck Suburban •--- Normal nonoccupational fatalities, • 0.00E+00 0.00E+00 0.00E+00 
Truck ;Suburban .  Accident.Occupationil fatalities 3.70E-09 3.70E49 3.70E-09 
Truck - SubUrban Accident nonoccupational fatalities 1.30E-08 1.30E-08  1.30E-08 
Truck Suburban '  Accident occupational injuries 1.30E-08 1.30E-08 1.30E-08 
Truck .Suburban i.' Accident nonoccupational injuries  ' 3.80E-07 3.80E-07 ! 3.80E-07 

Truck Urban L. Normal nonoccupational fatalities . 1.00E-07 1.00E-07 1.00E-07 
Truck Urban • Accident occupational fatalities 2.10E-09 2.10E-09 2.10E-09 
Truck : Urban Accident nonoccupational fatalities 7.50E-09 7.50E-09 7.50E-09. 
Truck .:,  Urban '  Accident occupational injuries ' 1:30E-08 1.30E48 1.30E-08 
Truck Urban . - : Accident nonoccupational injuries 3.70E-07 3.70E47 3.70E-07. 

Rail Rural .:. Normal nonoccupational fatalities 0.00E+00 0.00E+00 : 0.06E+00 
Rail Rural . Accident occupational fatalities 1.81E-09 1.81E-09 1.81E-09 
Rail ,.  Aural Accident nonoccupational•fetalities 2.64E-08 2.64E-08 : 2.64E-08 
Rail Rural • : Accident occupatiOnal injuries,  i  : 2.46E-07 2.46E-07 ; 2.46E-07 
Rail -Rural _ Accident nonoccupational injuries: 5:12E-08 1.12E-08 ! 5.12E-08 

Rail Suburban Normal nonoccupatioal'fitalities , 0.06E+00 0.00E+00 0.00E+00 
Rail SubUrban ,. Accident occupational fatalities  •  1 1.81E-09 1.81E-09 . 1.81E-09 
Rail Suburban ' :: Accident nonoccupational fatalities, 2.64E-08 2.64E-08 2.64E-08 
Rail Suburban ACcident occupational injuries.:  1 2.46E-07 2.46E-07 2.46E-07 
Rail Suburban . Accident nonoccupational - injuries  ' 5.12E708 • .12E-08 5.12E-08 

_ . . 
Rail .  Urban  NOrmal noiloCcupationaljatalities 1.30E-07 1.30E-07; 1.30E-07 
Rail • lirban Accident occupational fatalities ,  1.81E-09 1.81E49 : 1.81E-09 
Rail :Urban Accident nonoccupational fatalities' 2.64E-08 2.64E-08 .  i 2.64E-08 
Rail HUrban Accident occupational injuries  ' 2.46E-07 2.46E-07 ' 2.46E-07 
Rail ,Urban _ Accident nonoccupational injuries 5.12E-08 5.12E-08 5.12E-08 

' Nonradiological risk faCtors per kilometer of travel. To Convert factors to
. 
 risk per 

mile, multiply by:1.609.  .  ' , •-  .  ... 

o Unit risk factors for general-commerce truck and rail transportation:Of spent fuel, 
units are perkildmeter for truck, per railcar kilometer for normal rail, -and per 
train-kilOmeter for rail accidents. (Note: for general-commerce rail, 1 .train-kilemeter is 
equivalent'to'l railCar-kilometer.)  .  .  . 

• Unit'risk factors for general-Commerce truck and rail transportation of defense 
high-level waste; units are per kilometer for truck,,per railcar-kilometer for normal rail, and 
per train-kilometerjor rail' accidents. (Note:. For general-commerce rail,.1 train-kilometer 
is equivalent to 1 railcar-kilometer.) . ,  

d Unit risk 'factors for general-commerce truck and rail transportation of commercial 
high-level waste from West Valley; units are per kilometer for truck, per railcar-kilometer 
for normal rail,' And per train-kilometer for rail accidents. (Note: For general7commerce 
rail, 1,train=kilometer is equivalent to . 1 railcar-kilometer.) 

• 1.50E-08 m.I.5 x 10 -•. '  - 

_ 
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Table A-11. Radiological risk factors for shipments from !WS facility 

Mode Zone Hazard group 

Consolidated snent fuel 
100-ton cask 150-ton cask 

MRS-basalt°  MRS-salt° . ..KRS, tuff°  FIRS-7baSalt°  -1IRSSalt .KR,S7tuff° 

Rail Rural Normal occupational fatalities 668E-10 6.68E-10 6.68E-10 , 	6.68E-10 6.68E-10 6.68E-10 
Rail Rural Normal nonoccupational fatalities 8.32E-10c  8.32E-10 8.32E-10 8.32E-10 8.32E-10 8.32E-10 
Rail Rural Accident non-occupational fatalities 6.58E-12 4.88E-12 6.56E-12 1.76E-11 1.22E-11 2.02E-11 

Rail Suburban Normal occupational fatalities 	.' 6.68E-10 6.68E-10 6.68E-10 6.68E-10 6.68E-10 6.68E-10 
Rail Suburban Normal nonoccupational fatalities 3.36E-08 3.36E-08 3.36E-08 3.36E-08 3.36E-08 3.36E-08 
Rail Suburban Accident nonoccupational fatalities 1.29E-08 9.88E-09 1.29E-08 3.46E-08 2.38E-08 3.94E-08 

Rail Urban Normal occupational fatalities 6.68E-10 6.68E-10 6.68E-10 6.68E-10 6.68E-10 6.68E-10 
Rail Urban Normal nonoccupational fatalities 7.98E-09 7.98E-09 7.98E-09 7.98E-09 7.98E-09 7.98E-09 
Rail Urban Accident nonoccupational fatalities 3.10E-08 2.38E-08 3.10E-08 ' 8.30E-08 5:76E-011 9150E-08 

1 
to) 
at 

Made 
Rail 
Rail 
Rail 

Rail 
Rail 
Rail 

Rail 
Rail 
Rail 

Zane 
Rural 
Rural 
Rural 

Suburban 
Suburban 
Suburban 

Urban 
Urban 
Urban 

Hazard 

Secondary wastes 
100-ton Cask 

pies-10  

1.56E-1O - 
2.40E-10 
3,28E-17 - 

1.A6Er10 
9.66E-09 
2.28E-14 

1.56E-10 
2.30E-09 
4.18E-13: 

150-ton cask 

KR-TRuF  

1156E40 
2.-.40E10 
3:28E47 

1.56E40 
9.66E709 
2.28E44 

1.56E40 
2.30L.09 
4.18E43 

BRI:122Wil  

2.68E-10 
3.34E-10 
3.46E-16 

2.68E-10 
1.34E-08 
3.58E-14 

2.68E-10 
3.20E-09 
1.80E-13 

BES=UAWE , 
' 	.. 2.68E-10 

3.34E-10 
2.34E=11 : 

2.68E-10 
_ 	1.34E-08 

2.12E-08 

2.68E-10 
3.20E-09 
3.86E-07 

Hasaguwe 	tigLimE 

2.68E-10 , 	2.68E-10 
3.34E-10 	3.34E-10 
8.50E-16 	3.98E-11 

- 	4 
2.68E-10 	2.68E-10 
1.34E-08 	1.34E-08 
9.80E-14 	3.62E-08 

2.68E-10 	2.68E-10 
3.20E-09 	3.20E-09 
2.74E-13 	6.64E-07 

Normal occupational fatalities 
Normal nonoccupational fatalities 
Accident nonoccupational fatalities'' 

Normal occupational fatalities 
Normal nonoccupational fatalities 
Accident nonoccupational fatalities 

Normal occupational fatalities 
Normal nonoccupational fatalities 
Accident nonoccupational fatalities 

A  To convert.factors -to risk- per mile, multiply by 1.609. ';Based on 1,manrrem = 2 x ► 07 latent-cancer fatality plus first- and 
second-generation penetic'effects.  

o Unit risk factors for dedicated-ra4 transportation of consolidated spent fuel packaged for shipment to either a salt repository, 
a tuff repository: or a basalt repository.. expressed as risk per 5 railcar-kilometers. c  Unit risk factors for dedicated-rail transportation of the transuranic waste (TRU) generated during spent-fuel Consolidation,' 
expressed as risk per 1 railcar-kilometir.- 	 - 

o Unit risk factors for dedicated-raii transpOrtation of spent-fuel-assembly hardware expressed as risk per 2 railcar-kilometers; 
packaging is the same regardless of repository Site. 	, 

• Unit risk factors,for dedicated-rail transportation of high-activity low-ilevel waste (HAW) generated during spent-fuel 
consolidation, expressed as'risic.P0r.2 railcar-kilometers; packaging is the same regardless of repository site. 



Table A-12. 	Nonradiological risk factors for shipments from MIS facility" 

Mode Zone Hazard group 

Consolidated scent fuel° 

MRS7repository 

Secondary waste 

1411S-HRO$40 " ''MRS-HA14°  MRS-TRU E  

Rail Rural Normal nonoccupational fatalities 0,00E+00 0.00E+00 0.00E+00 0.00E+00 
Rail Rural Accident occupational fatalities 1.27E-07F  0.00E+00 0400E+00 0.00E+00 
Rail Rural Accident nonoccupational fatalities 1,85E-06 0.00E+00 0.00E+00 0.00E+00 
Rail Rural Accident occupational injuries 1.74E-05 0.00E+00 ,0.00E+00 0.00E+00 
Rail Rural Accident non-occupational injuries 3.60E-06 0.00E+00 0.00E+00 0.00E+00 

Rail Suburban Hormal nonoccupational fatalities 0.00E+00 0.00E+00 0.00E+00 0.00E+00 
Rail Suburban Accident occupational fatalities 1.27E-07 0.00E+00 0.00E+00 0.00E+00 
Rail Suburban Accident nonoccupational fatalities 1.85E-06' 0.00E+00 0.00E+00 0.00E+00 
Rail Suburban Accident Occupational Injuries 1,74E-05 o.onfoo 0.00E+00 o.eoE+oo 
Rail Suburban Accident Non-occupational Injuries 3.60E-06 0.00E+00 0.00E+00 0.00E+00 

Rail Urban Normal nonoccupational fatalities 6.50E-07 2.60E-07 2.60E-07 1.30E-07 
Rail Urban Accident occupational fatalities 1.27E-07 0.00E+00 0.00E+00 0.00E+00 
Rail. Urban Accident nonoccupational fatalities 1.85E-06 0.00E+00 0.00E+00 0.00E+00 

Ow- 
1 

Rail 
Rail . 

Urban 
Urban 

Accident Occupational Injuries 
Accident Non-occupational Injuries 

1.74E-05 
3.60E-06 

0.00E+00 
0.00E+00 

0.00E+00 
0.00E+00 

0.00E+00 
0.00E+00 

La 

A  Nonradiological risk factors per kilometer of travel. To convert factors to risk per mile, multiply by 1.609. 
Unit risk factors for dedicated-rail transportation of spent fuel in 100- and 150-ton casks to a salt repositOry,.a:tuff 

repository, or a basalt repository; expressed as risk per kilometer for normal transportation and as risk per train-kilometer for 
accidents.  

Unit risk factors for dedicated-rail transportation of spent-fUelatsemblY hardware, expressed as risk'per 
railcar-kilometer for normal transportation and as risk per train-kilometer for:accidents; packaging is '.not affected by repository _.  
site. 

I)  unit risk factors for dedicated-rail transportation of the high-activity low-level waste (HAW) generated during the, 
consolidation of spent fuel; expressed as risk per railcar-kilometer for normal transportation and as risk per train kilometer for 
accidents. 	 . 

E  Unit risk factors for dedicated-rail transportation of the contaCi-handld -traniuranic Waste (TRW generited during. the 
consolidation of spent fuel; expressed as risk per railcar-kilometer or normal transportation and as ri sk per,trhin-kilometer for  ....._, 
accidents. 
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Table A-13.  Distance per shipment from selected• 
reactors and the MRS facility 

Distance (miles} 
Salt Tuff 

(Yucca Mt.) 
Basalt 
(Hanford) Reactor  Richton Deaf Smith Davis Canyon 

Maine Yankee (Maine) 
Truck 1,570 2,150 2,570 3,040 3,107 
Rail 1,920 2,180 2,750 3,270 3,150 

Crystal River (Florida) 
Truck 579 1,670 2,310 2,600 - 2,990 
Rail 571 1,699 2,450 3,000 3,210 

Quad-Cities (Illinois) 
Truck 959 1,040 1,300 1,780 1,910 
Rail 1,080 937 1,480 2,000 1,980 

Palo Verde (Arizona) 
Truck 1,908 789 509 606 1,550 
Rail 1,950 933 1,790 652 1,690 

Trojan (Oregon) 
Truck 2,780 1,850 1,190 1,330 302 
Rail 2,919 2,210 1,250 1,460 301 

MRS facility 
Truck NAb NA NA NA NA .  

Rail 520 1,410 1,950 1,470. 1,620 '  

• These reactors were chosen as representative of regiond.Ahroughout the.country. 
b  NA = not applicable. 
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1,150 
	NA` ,  

1,288 

	

2,350 	2,740 

	

2,750 	2,890, 

2,750,r. 	,2,550 
2,860 	2,660 

610 
696 

740' 
- 763 

Table - :A44:?' Distance - per shipment froth 
'sOUrces'ilf high4evelitaste''' -  

-DiStAnde (miles) 
Tuff 	Basalt 

(Yucca Mt.) (Hanford) Source 
-Salt: -  

Itchton 	''''Deaf Smith -  Davis Canyon 

Hanford 
Truck,, 
Rail 

2,610 
:7 2,670 

.1660 
H1,730 

- 1,010_ 
: 	1,070 

Idaho National 
Engineering 
LaboriOry 
Truck 2,160 1,210 604 
Rail 

, 
. . 2,110 1,200 555 

Savannah River 
Plant _ 

Truck 568 1,420' 2,060 
Rail 644 1,520- -.2,200 

West Valley 
-1,160 -:.14580 2,000. 

Rail 1,450 -.1,690 2,100 	. 

' NA '= inot 
b  Commercial high-level waste- . 

7 -0 21 Ce '12 	St (2_1 g 



Table A-15. Total'cask-Files..for shipmentsin the:authorized and the 
improved-performance systems (one-way million miles) 

Repository cite  

Mode and waste type 
	

Salt 	Tuff 	Basalt 
Richton Deaf Smith Davis Canyon 	(Yucca Mt.) (Hanford) 

AUTHORIZED SYSTEM 

100% truck 
Spent fuel 67.4'! 	94.4 115.1 141.8 149.7 
Defense high-level waste 28.0 	". 	26.0 ,28.0 33.0 35.0 
Commercial high-level waste' 1.0 	1.0 2.0 2.0 2.0 

100% rail 
Spent fuel 11.0 	15.4 18.8 23.2 24.6 
Defense high-level waste 6.5 	6.1 6.5 7.6 8.4 
Commercial high-level waste' 0.2 	0.2 0.2 0.3 ' 	0.3 

Totals 
Truck from origin 96.4 	121.4 145.1 176.8 186.7 
Rail from origin 17.7 	21.7 25.5 31.1 33.3 

IMPROVED-PERFORMANCE SYSTEM 

1.  All fuel to MRS facility 

100% truck from origin 
Spent fuel 48.8 	48.8 • 48.8 48.8 48.8 
Defense high-level waste 28.0 	26.0 28.0 33.0 35.0 
Commercial high-level waste' 1.0;' 	' 	' 	1.0 ' 2.0 2.0 2.0 

100% rail from origin 
Spent fuel 8.0 	8.0 8.0 8.0 8.0 
Defense high-level waste 6.5 	6.1 6.5 7.6 8.4 
Commercial high-level waste' 0.2 	0.2 0.2 0.3 0.3 ,  

Rail from MRS facility' 
100-ton casks' 6.3 	15.3 20.6 26.3 25.0 
150-ton casks* 2.1 	5.0 6.7 11.2 8.7 

Totals, 100-ton casks 
Truck from origin° 84.1 	91.1 98.9 110.1 110.8 
Rail from origin 21.0 	29.6 35.3 42.2 41.7 

Totals, 150-ton casks 
Truck from origin° 79.9 	80.8 85.0 95.0 94.5 
Rail from origin 16.8 	19.3 21.4 27.1 25.4 

2. 	Western-reactor spent fuel to repository 

Totals, 100-ton casks 
Truck from origin°  83.7 	85.1 90.4 99.8 101.4 
Rail from origin 20.5 	27.6 32.5 38.6 38.4 

Totals, 150-ton casks 
Truck from origin° 80.0 	75.8 77.0 86.4 86.8 
Rail from origin 16.7 	18.3 19.0 25.1 23.8 

' Waste from West Valley Demonstration Project. 
b  All shipments in dedicated trains. 
* Includes casks carrying secondary wastes. 
d Totals for the improved-performance system incjude both truck shipments from origin 

to the MRS facility . and dedicated-rail shipments.from the MRS facility to the repository. 
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Table A-16. Fraction of travel in. population zones 6om . selected reactors and the MRS? 

Salt Tuff 
(Yucca Mt.] 

Basalt 
(Hanfordl J4JS Facility Richton Deaf Smith Davis Canyon 

Reactor 	Truck Rail Truck. 	Rail Truck 	Rail Truck. Rail Truck Rail Truck 	Rail 

Maine Yankee (Maine) 
Urban .01 .02 .01. :03. .01. .01 .01 .01 .01 .02 .01 .03 
Suburban .43 .48 .35 .34 .28 .23 .26 .21 .26 .27 .48 .49 
Rural .57 .50 .64 .63 .71 .76 .74 .78 .73 .71 .51 .48 

Crystal River (Florida) 
Urban 0 	. .01 .01 .02 0 .01 	- .01 _Al .01 .01 0 .01 
Suburban .19 .18 	: .23 .24 .22 .17 .17 .16 .19 .18 .32 .26 
Rural 	' .81 .81 .77 .74 .78 .82 .82 .83 .80 .82 .68 .73 

Quad-Cities (Illinois) 
Urban 0 .02 0 0 .01 .01 0 .01 0 .01 0 .04_ 
Suburban .19 .24 .18 .13 .11 .08 .12 .09 . 	.10 .12 .33 .24 
Rural .81 .74 	' .82 .86 .88 	' .91 .88 .90 ' 	.90 .87 	- .67 .72 

Palo Verde (Arizona) 
Urban - .01 .03 .02 .01 .02 .02 .02 .01 .02 .02 .01 .01 
Suburban .15 .19 .09 .10 .08 .20 .14 .09 .23 .25 .14 .15 
Rural .84 .78 .89 .90 .90 .78 .85 .90 .75 .73 .84 .84 

Trojan (Oregon) 
Urban 0' 	. .01 .01 .01 0 .01 0 .02 •0 .01 0 .01 
Suburban .16 .11 .13 '.09 .19 	, .14. .18 .35 .17 .17 .11.. 
Rural .84 .88 .86 .90 .80 .85 .82 .89 .64 .82 .83 .88 

MRS facility (Tennessee) 
Urban. ' .01 .02 .02 .02 .01 
Suburban NAb .30 NA .16 NA .12 -.12 NA .11 

.69 .82 .87 .86 .88 

• These reactors were chosen as representative of regions throughout the country. 
b  NA = not applicable. --  • 



Table A-1 . Fraction of travel in population zones from high-level waste4OUrces 

Waste source" 

Salt Tuff 
(Yucca Mt) 

Basalt 
(Hanford) Richton Deaf Smith _Davis Canyon 

Truck Rail-- Truck Rail Truck Rail Truck Rail Truck 	Rail 

Hanford 
Urban .01 0 .01 .01 0 0 0 .01 NA 	NA 
Suburban .16 .12 .10 .19 .15 .18 .10 NA,. 	NA 
Rural .84 .89 .87--  .89 .81 _.84 .82 .89 .NA -  " 	NA 

Idaho National 
Engr Lab. 
Urban 0 :.01 .01 	!• .01 .01 .01 .01 .01 0 	0 
Suburban .15 .10 .10 .11 .21 .22 .19 .11 .15 	.12 
Rural ,85 .90 .89. .88 .78 .77 .80 .88 --  .85: 	.88 

Savannah River Plant 
Urban .01 .03 .01 .02 0 .02 .01 .02 0 	\ .01 
Suburban .30 .26 . .23-, .21 .22 .19 .17 .21 .19' 	..17 
Rural .69 .72 ':-. .76- .78. .77 .79 .82 .78 .81 - 	.82 

West Valley 
Urban .01 .03 0 .02 .01 .02 .01 .02 .01'._ 	.01 
Suburban '.32 .33 .30. . .21 .22 .18 .20 .21 .21 	.17 
Rural .67 .64 .70 .78 .77 .80 .79 .78 .78 	.82 



The numbers of shipments from each reactor to the repository and to the 
MRS facility are given in Tables A-18 and A-19, respectively. The numbers are 
different because of the difference in the waste-acceptance schedules for the 
authorized system and the improved-performance system (see Tables A-6 and 
A-7). Table A-20 provides information on the numbers of shipments to the 
repository or MRS facility and the numbers of shipments from the MRS facility. 

A.8.3.8 Results of population-risk analyses  

The risks of radioactive-material transportation must be . evaluated for 
both radiological and nonradielogical effects. Since a package does emit 
small amounts of radiation, a shipment exposes the public during all - phases o f  
its journey. People are exposed at stops and along routes even when the 
package is moving. In addition to the radiological effects, transportation 
increases the levels of air pollutioh. Any equivalent-weight shipment of 
potatoes, bricks, or other nonradioactive materials would have the same 
effect ?  but that effect must be evaluated for a complete analysis. In fact, 
even in most transportation accidents, the traumatic injuries and deaths 
resulting from an impact or a fire may far outweigh any radiological 
consequences. Accordingly, in evaluating the potential consequences or risk 
of any radioactive-material shipment, the injuries -and deaths from both 
radiological and nonradiological causes must be considered. 

Tables A-21, A-22, and A-23 summarize the results of the analysis for 
each of the'scenariosevaluated for - the authorized;system and the 
improved-performanceaystem. Table A=21, for the authorized system, estimates 
the total radiological ancLnonradiological risks for each of the sites-and .for 
the cases where all ehipmente:are -assumed to be made by truck or by rail. -.. 
Table A-22.which estimates risks for.  the improved performanceaystem, shoWs 
the results for shipMents from the MRS facility inj00-ton casks, which carry 
disposal containers ready for emPlaceMent in the repository and 150 ton caskS 
which carry thin-waWcanisters Table A-23 is analogous toTable A-22 except 
that it preients results for the scenarios in whichipent fuel from Western - . 
reactors is sent directly to the : repository, rather than the MRS facility; In , 
all scenarios it was: assumed that both defense anecommercial:high-leyel waste 
would be shipped directly to the repository. 

Results for two scenarios-(the authorized system and one case for the •.. 
improved-performanceeystem) are presented in more :detail inTables A-24 
through A-31. Results are presented by waste type, normal or accident 
conditionsi'and popUlation group. .Similar details:are available in the report 
by Cashwellet al. (1985) for all scenarios evaluated for this environmental. 
assessment. 
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Table A-18. Number of shipments to a repository from 
each reactor site (authorized system) 

Reactor name 
100% 

Truck 
100% 
Rail 

100% 
Reactor name  Truck 

100% 
Rail 

Farley 1 120 18 Millstone 1  804 111 
Farley 2 46 7 Millstone 2  805 106 
Palo Verde 1 511 72 Millstone 3  36 6 
Palo Verde 2 484 70 ' Monticello  693 96 
Palo Verde 3 448 63 Prairie Island 1  650 92 
Arkansas Nuclear One 1 762 108 Prairie Iiland 2  631 90 
Arkansas Nuclear One 2 187 ;_ 27 Fort Calhoun 1  534 76 
Calvert Cliffs 1 893  • 127 Humboldt Bay  86 12 
Calvert Cliffs 2 853 . .122 Diablo Canyon 2.  236 34 
Pilgrim 1 761 105. Diablo Canyon]  279 40 
Robinson 2 581 . Suiquehanna 1  '652 90 
Brunswick 2 799 '  111. Susquehanna 2  614 85 
Brunswick 1 791 109 Peach Bottom 2  1126 156 
Perry 1 806 110 Peach Bottom 3  1126 156 
Perry 2 747 104 Limerick 1  679 95 
Dresden 1 136 .  18 Limerick 2  421 59 
Dresden 2 909 126 Trojan  330 18 
Dresden 3  - 825 114 Fitzpatrick'  614 107 
Quad Cities 1 : 862 119 Indian Point,3  714 102 
Quad Cities 2 .815 113 Seabrook 1  486 69 
Zion 1 858' 122 '  Seabrook 2- 320 46 
Zion 2 824; 117 Salem 1  791 113 
LaSalle 1 572 79 Salem 2  764 109 
LaSalle 2 572 • '  79 Hope Creek 1  509 71 
Byron 1 638 88 Ginna  503 71 
Byron 2 631 86 Rancho Seco 1  721 103 
Braidwood 1 .  568 83 Summer  12 2 
Connecticut Yankee .702 100 San Onofre 1 . .  203 29 
Indian Point I 80 .  11 San Onofre  306 44 
Indiati Point 2 762 108 San Onofre 3  347 50 
Big- Rock Point 104  ' 14 South Texas Project 1  594 82 
Palisades 796 '113 .South Texas Project 2  592 82 
Midland 2 373  - 49 Browns Ferry:1  699 135 
Midland ̀1 - 334 46 Browns Ferry 2  695 140 
La Crosse 143-, .  19 Browns Ferry 3  986 137 
Fermi 2 609 85 Sequoyah 1  444 46 
Oconee 1 759 108 Sequoyah 2  425 42 
Oconee 2 612 87 Watts" Bar 1  518 .  -74 
Oconee 3 779 111 Watts Bar 2  524 74 
McGuire 1 115 I - -17 Bellefonte:1  444 64 
McGuire 2 '73 11, Bellefonte 2 -  327 47 
Beaver Valley 1 735 104 Hartsville Al .  463 65 
Beaver Valley 2 272 39 Hartsville A2  328 45 
Crystal River 3 676 96 Yellow Creek 1 	90 13 
Turkey Point 3 695 99 Yellow Creek 2  50 a 
Turkey Point 4 694 99 Comanche Peak 1  412 58 
St. Lucie I 894. 113 Comanche Peak 2  368 53 
St. Lucie 2 486. .  70 Davis—Besse 1  248 31 
Hatch 1 312' 43 Callaway 1  360 51 
Hatch 2 289 40 Vermont Yankee.  675 .  93 
Vogtle 1  , 547 78 Surry 1  748 102 
Vogtle 2 416 60 Surry 2  620 77 
River Bend 1 465 65 North - Anna  365'r 47 
Clinton 1 .528 74 North Anna 2  295 38 
Cook 1  . 948 135 WNP 2  650 90 
Cook 2 933 133 WNP 1  394 56 
Duane Arnold 562 79 WNP 3  617 89 
Oyster Creek 777 108 Point Beach 1,  620 88 
Wolf Creek 191 27 Point Beach 2  591 84 
Shoreham 
Waterford 3 

270 
421 

.38 
61 

Kewaunee  634 
Yankee  340 

90 
48 

Maine Yankee 980 140 Brunswick 2  72 10 
Three Mile Island 1 723 103 Brunswick 1  80 11 
Grand Gulf 1 247 35 Morris BWR pool  150 20 
Grand Gulf 2 340 48 Morris PWR pool  175 25 
Cooper 771 107 West Valley BWR pool  17 2 
Nine Mile Point 1 700 97 West Valley PWR pool  60 8 
Nine Mile Point 2 243 33 

70,553 9,927 
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100% by Rail 

.12 
30-
36 

-71,- 

156 
70 
40 
117 
127 
102 
49 
26 
113 
109 
51 
71 
103 
31 
29 
44 
49 
77 
64 
135 
140 
137 
113 
108 
66 
61 
45 
29 
40 
26 
42 
33 
43 
38 
93 
106 
88 
58 
50 
84 
36 
63 
88 
84 
90 
48 
10 
11 

28 
42 
140 
103 
45 
30 
107 
97 
26 

Table A-19. Number, of shipments to an MRS facility from eastern and western reactors .  

Reactor name 100% by Truck 100% by Rail Reactor ; name .100% by Truck 

Farley 1 •87 56 Humboldt Bay' . , 86 
Farley 2 513 45 Diablo Canyon 2° :209 
Palo Verde l a  ,366 52  Diablo Canyon l' ,252 
Palo Verde 2' :339 49' :  Susquehanna 1 :516 
Palo Verde 3' F 332 47 - , Susquehanna 2 483 
Arkansas Nuclear One 1 762 108 Peach Bottom 2 1•126 
Arkansas Nuclear One 2 ;  495 43 Peach Bottom 3 1.126 
Calvert Cliffs 1 893 127 Limerick 1 500 
Calvert Cliffs 2 853 121 Limerick 2 287 
Pilgrim 1 761 105 Trojan' 805 
Robinson 2 581 -83—  Fitzpatrick 864 
Brunswick 2 799 111 Indian Point 3 714 
Brunswick 1 791 109 Seabrook 1 343 
Harris 1 160 23 Seabrook 2 177 
Perry 1 722 100 Salem 1 791 
Perry 2 579 80 Salem 2 764 
Dresden 1 136 18 Hope Creek 1 365 
Dresden 2 909 126 Ginna 503 
Dresden 3 825 114 Rancho Seco l' 721 
Quad-Cities 1 862 119 Summer 215 
Quad-Cities 2 815 113 San Onofre 1 6  203 
Zion 1 858 122 San Onofre 2' 306 
Zion 2 824 117 San Onofre 3' 348 
LaSalle 1 669 93 South Texas Project 1 539 
LaSalle 2 632 87 South Texas Project 2 453 
Byron 1 593 85 Browns Ferry 1 944 
Byron 2 552 78 Browns Ferry 2 821 
Braidwood 1 570 81 Browns Ferry 3 986 
Braidwood 2 484 69 Sequoyah 1 588 
Connecticut Yankee 702 100 Sequoyah 2 571 
Indian Point 1 80 11 Watts Bar 1 465 
Indian Point 2 762 108 Watts Bar 2 424 
Big Rock Point 104 14 Bellefonte 1 315 
Palisades 796 113 Bellefonte 2 199 
Midland 2 304 43 Hartsville Al 284 
Midland 1 261 37 Hartsville A2 194 
La Crosse 143 19 Comanche Peak 1 294 
Fermi 2 609 85 Comanche Peak 2 257 
Oconee 1 759 108 Davis Besse 1 321 
Oconee 2 612 87 Callaway 1 260 
Oconee 3 779 111 Vermont Yankee 675 
McGuire 1 334 44 Surry 1 748 
McGuire 2 268 39 Surry 2 620 
Catawba 1 241 31 North Anna 1 469 
Catawba 2 198 25 North Anna 2 420 
Beaver Valley 1 735 105 WNP 2' 605 
Beaver Valley 2 154 22 WNP 1' 251 
Crystal River 3 676 96 WNP 3' 448 
Turkey Point 3 695 99 Point Beach 1 620 
Turkey Point 4 694 99 Point Beach 2 591 
St. Lucie 1 914 130 Kewaunee 634 
St. Lucie 2 375 54 Yankee 340 
Hatch 1 512 61 Brunswick 2 72 
Hatch 2 482 57 Brunswick 1 80 
Vogtle 1 415 59 Shoreham 201 
Vogtle 2 290 41 Waterford 3 291 
River Bend 1 329 45 Maine Yankee 980 
Clinton 1 407 57 Three Mile Island 723 
Cook 1 948 135 Grand Gulf 1 318 
Cook 2 933 133 Grand Gulf 2 210 
Arnold 572 .79 Cooper  , 771 
Oyster Creek 777 108 Nine Mile Point 1 700 
Wood Creek 184 27 Nine Mile Point 2 185 

v
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,Table A=19.' ,  Number of shipments to" - an MRS faCility froi eistern'and'westerti reactors 

Reactor name 100% by Truck 100% -by RatT Relitor'fiame '100% by TrUck 100% by- Rail 

Millstone 1 804 111'  Fort Calhcitin 1 ''534 76 
Millstone 2 949 135 	' Morris BWR pool 1 150 20 , 	, 
Millstone 3 '227 ' 	33 Morris PWRipool 'i175 ' 	25 
Monticello 693 ' 	96 	' West . Valley BWR pool 17 
Prairie Island 1 
Prairie Island 2 

'650 
631 

92 "- 
90 

West Valley,PWR pool 
4 

......fiti ......_Ji 

Total 70;568 

• Considered a western reactor for thil2analysis; 

c .  

r te  
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Table A-20a. 	Number of cask shipments: total-cask-shipments from reactors 

Destination .Mode 
Number of cask shipments 

PWR , BWR Total 

Repository 100 % truck 43,611 26,942 70,553 
100 % rail 6,190 3,737 9,927 

MRS facility, 
all spent . fuel 

100 % Truck 
100 % Rail 

44,222 
6,267 

.26,346 
3,667 

70,568 
• 9,934, 

MRS facility,. .100 % Truck 40,915 24,382 65,297 
eastern 
spent fuel only 

. 100 %- Rail 5,793 • 3,390 -' 	9,183 

Table A-20b. 	Number of cask-shipments: 	total cask shipments of 
consolidated spent fuel from MRS facility* 

Destination 
(repository site) 

Cask size 
(tons) 

All spent 
fuel 

Eastern 
fuel only 

Salt sites b  100 8,074 7,500 
150 2,103 1,900 

Tuff 100 8,050 7,500 
150 3,186 3,000 

Basalt 100 6,610 6,100 
150 1,823 1,700 

a  Estimates of shipment numbers. 
b  Richton, Deaf Smith, or Davis Canyon. 
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Table 441. Summary of the risks Of transporting 
spent fuel and high-level wastes for disposal in the authorized system' 

Mode and-risk type 
Salt Tuff 

(Yucca Mt) 
Basalt 
(Hanford) Richton Deaf Smith Davis Canyon 

100% truck 
Radiological 6.3 1.9 9.5 11 12 
Nonradiological 19 24 30: 36 39 

100% rail 
Radiological 0.2 0.2 0.3 0.3 0.3 
Nonradiological 1.8 2.1 2.6 3.0 3.2 

• Risks expressed in numbers of fatalities from radiological and nonradiological 
causes. The numbers of.fatalities from radiological causes include first- and 
second-generation genetic effects. 

, 

. 	 •T^ 
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Table A-22.;. Summary bf the risks of transportation 
for-the.improved-performance.systee' ° , 

Deaf 
Mode and risk type  , Richion  Smith 

Davis 
Canyon  Yucca Mt. . Hanford 

-  100% Truck, 100-ton cask"  . , 
Radiological  ;-:-.  5.3  - 5.4  c  5.4  5.7  5.7. 
Nonradiological  21  30  35  42  39 .- 

100% rail, 100-ton cask" 
Radiological  ,  0.2  0.3  0.3  0.3  --0.3 , 
Nonradiological  ".,_  6.9  '16  :'22  V  27  , 24; 

100% truck, 150-ton cask" 
RadiolOgical  5.3  5.3 
Nonradiological  17  19 

100% rail, 150-ton cask" 
Radiblogical  0.2  0.2 
Nonradiological  3.0  5.4 

5.4  5.7  5.7 
21  27  23 

0.2 
6.9 

0.3 
12 .7;8 

0.2 

• All spent fuel assumedto be.sentTlirst to the MRS facility and from there.to the -' 
repository:4111sighAevelJxaste assumed to be sent directly to the repository. 

b  Risks expresied:in numbers4f , fatalities from radiological:4nd nonradiological ,  

causes. The humberi of radiological fatalities Ancludelirst- and second-generation. 
genetic4ffects:'S ,, .r , -:-   

• Shipment by truck from reactors and HLW processing plants; shipment in dedicated 
trains from'MRS'facilityAo repository..,  

• Shipment in general-commerce trains from reactors and HLW processing plants;. 
shipment in dedicated trains from MRS facility:  ,-; 

• The 100-ton cask carries ready-to-emplace disposal:containers. 
• The 150-ton cask carries-thin-walled canisters -to be encapsulated in disposal. :  

containers at the repository.  • 
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Table A-23. Summary of the risks of transporting 
for disposal in the improved—performance system" 

Mode and risk type 
Salt Tuff 

(Yucca Mt.) 
Basalt 
(Hanford) Richton Deaf Smith Davis Canyon 

100% truck, 100—ton cask*" 
Radiological  - 5.4 5.0 , 5.0 5.3 5.3 
Nonradiological 20 28 32 39 35 

100% rail, 100—ton cask*• 
Radiological 0.2 0.2 0.3 0.3 0.3 
Nonradiological 6.5 15 20 25 22 

100% truck, 150—ton caskc • f  
Radiological 5.3 5.0 5.0 5.2 5.2 
Nonradiological 17 18 19  ' 24 21 

100% rail, 150—ton caskd• f  
Radiological 0.2 0.2 0.2 0.3 0.2 
Nonradiological 2.8 5.0 6.4 11 7.3 

• Spent fuel from eastern reactors assumed to be sent first to the MRS facility and 
from there to the repository; spent fuel from western reactors assumed to be sent directly to 
the repository. All high—level waste assumed to be sent directly to the repository. 

b  Risks expressed in numbers of fatalities from radiological and rionradiological 
causes. The numbers of radiological fatalities include first— and second—generation genetic 
effects. 

* Shipment by truck from reactors and HLW processing plants; shipment in dedicated 
trains from MRS facility to repository. 

4  Shipment in general—commerce trains from reactors and HLW processing, plants, 
shipment in dedicated trains from MRS facility.  

• The 100—ton cask carries ready—to—emplace disposal containers. 
f The 150—ton cask carries thin—walled canisters to be encapsulated in disposal 

containers at the repository. 

, 
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1.2  : 1.4-  : 1.6 
6.5  .- 7.7  :8.4,-- 
Lila : 	: r , 31..14 . 	-7.11414 -  - 
7.7  9.2 10 

Table,,A-24.,.Transportation risks :  for authorized system from spent . fuel,.only 

Mode and risk type 

Salt  
Deaf  Davis  Tuff  Basalt 

,Richton  Smith ,  Canyon  (Yucca Mt.) (Hanford) 

• 

RADIOLOGICAL RISK• 

Truck transportation 
Normal occupational fatalities 
Normal nonoccupational fatalities 
Accident nonoccupational fatalities: - 

Total fatalities 

07.7 
, - 3:8 
9.0Z  

4.6 

1.0 
:5.2 

,  . 11.9.1 

-;.,6.2 

Rail transportation 
Normal occupational fatalities 0.06 0.07 
Normal nonoccupational fatalities 0.08 0.08 
Accident nonoccupational fatalities LIZ 1.12 

Total fatalities 0.2 0.2 

otal fatalities  1 3  18  24  29  31 

Rail transportation 
Normal nonoccupational fatalities  0.1 
Accident occupational fatalities  . 0.07. 
Accident nonoccupational fatalities  

1. 

Accident occupational injuries  1.2 

• Radiological fatalities include first7 and second-generation genetic.affects,. 

.t ,t; ••• •. •'” 

'4k-51 

339F  

0.09  0.1  0.1 

002 

0.2 

NONRADIOLOGICAL RISK -. 

Truck transportation .  

Normal nonoccupational fatalities  0.2  0.2  0.4 
Accident occupational fatalities  2.7  3.9  ' 5.2 
Accident nonoccupational fatalities ,9.6 
Accident occupational injuries  5.5 
Accident nonoccupational injuries 160   

T 

14 18 23 24 
1.7 10 12 13 

221_ 220  VI- la_ 

0.1  i  0.1  0.1 
I= DAM 
0.2 ,  ,0.2 

0.4 0.4 
6.4 6.8 

0.1 0.1 0.2 0.2 
0.09 0.1 ..0.1 0.1 
.1.3 1.7 ,  -2.1 
12 15 '19 19  

Accident nonoccupational injuries  1.9  

Total fatalities  L L  1 -2  

2.4 _.„12 AA 441 
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Table A-25. Transportatidn risks - for the authorized system from high-leVel wiste'only 

Moda4hd - 'risk type 

Salt 
Tuif 

(Yucca Mt.) 
Basalt 
(Hanford) Richton 

Deaf 
Smith 

Davis 
Union 

Truck transportation 

RADIOLOGICAL RISK' 

Normal occupational fatalities 0.3 0.3 0.3 0.3 	: 0.3 -  
Normal nonoccupational fatalities 1.5 1.5 1.5 1.8 
Accident nonoccupational fatalities LAU 0.001 '2L201 -  0.001 0:001'' 

Total fatalities 1.8 1.0 1.8 2.1 2.1  ' 

Rail transportation 
Normal occupational fatalities 0.03 0.03 0.03 0.04 0.04 
Normal nonoccupational fatalities .0.03 0.03 _ 0.03 0.04 0.04 
Accident nonoccupational fatalities 0.0011 0.001 0.001 0.002 0  01 

Total faLalities 0.6 0.06 '0.07 0.08 0.00 

NONRADIOLOGICAL RISK 

Truck transportation 
Normal occupational fatalities 0.02 0.1 0,05 0.1 .  0.02 
Accident occupational fatalities 1.4 1.3 1.3 1.6 1.6 
Accident nonoccupational fatalities 4.8 4;7 4.7 5.7 5.8 
Accident occupational injuries 2./ 2.6 2.6 -3.1' 3.2 
Accident nonoccupational injuries 76 LI_ 71___ 2L_ 21_-- 

Total fatalities 6.2 6.2 6.1 7.4 7.4 

Rail transportation 
Normal occupational fatalities 0.03 0.04 0.04 0.04 0.04 
Accident occupational fatalities 0.04 0.04 0.04 0.04 0.05 
Accident nonoccupational fatalities 0.6 0.6 0.6 0.6 0.7 
Accident occupational injuries 5.3 5.3 5.4 5.3 6.6 
Accident nonoccupational injuries Li- ILi- la- L_L • LA_  

Total fatalities 0.6 0.6 0.7 0.6 0.8 

Radiological fatalities include first- and second-generation genetic'effects. 

• 

. , 
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Table A46. - Total transportation risks for the authorized system 

Mode and risk type 

Salt 
Tuff 

(Yucca Mt.) 
Basalt 
(Hanford) Richton 

Deaf 
Smith 

-Davis 
Canyon 

Truck transportation 

RADIOLOGICAL RISK• 

Normal occupational fatalities 1 1.3 1.5 1.7 1.9 
Normal nonoccupational fatalities 5.3 6.6 8.0 9.5 10 
Accident nonoccupational fatalities 043 La 11412 LLB • 0.04 

Total fatalities 6.3 7.9 9.5 11 12 

Rail transportation 
Normal occupational fatalities 0.1 0.1 0.1 0.1 0.1 
Normal nonoccupational fatalities 0.1 0.1 0.1 0.1 0.2 
Accident nonoccupational fatalities 0.02 Lik2 11.02 um ILAZ 

Total fatalities 0.2 0.2 0.3 0.3 0.3 

NONRADIOLOGICAL RISK 

Truck transportation 
Normal nonoccupational fatalities 0.2 0.3 0.4 0.6 0.4 
Accident occupational fatalities 4.1 5.2 6.5 , 	8 8.4 
Accident nonoccupational fatalities 14 18 23- '28 30 
Accident occupational injuries 8.1 10 13 16 17 
Accident nonoccupational injuries MD MD__ 370 450 EL_ 

Total fatalities 19 24 30 37 39 

Rail transportation 
Normal nonoccupational fatalities 0.2 0.2 0.2 0.2 0.2 
Accident occupational fatalities 0.1 0.1 0.2 0.2 0.2 
Accident nonoccupational fatalities 1.5 1.8 2.2 2.6 - 2.8 
Accident occupational injuries 14 17 21 25 26 
Accident nonoccupational injuries _ ...1.1 _da Id ..ELi 

Total fatalities 	1.8 	2.1 	2.6 	3.0 	3.2 

• Radiological fatalities include first- and second-generation genetic effects. 
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Table A-27. Transportation risks for the improved-performance system from shipping 
spent fuel from reactors to the MRS facility •  

Mode and risk type 

Salt 
Tuff 

(Yucca  Mt.) 
Basalt 
(Hanford) Richton 

Deaf 
Smith 

Davis 
Canyon 

Truck transportation  • 
Normal occupational fatalities 
Normal nonoccupational fatalities 

RADIOLOGICAL RISK' 

0.6 	0.6 
3 

0.6 
3 • 

0.0 
3 

0.6 
3  • 

Accident nonoccupational fatalities 1,Qz 4.02 442 2.12 11.122 

Total fatalities 3.6 3.6 3.6 3.6 3.6 

Rail transportation 
Normal occupational fatalities 0.05 o.os 0,05 0.05 0.05 
Normal nonoccupational fatalities 0.07 '0.07 0.07 0.07 0.07 
Accident nonoccupational fatalities 0.02 2.42 0.12 102 0.02 

Total fatalities 0.1 0. 1 - 	0. 1 0.1 0.1 

NONRADIOLOGICAL.RISK 

Truck transportation 
Normal nonoccupational fatalities 0.2 0.2 0.2 0.2 0.2 
Accident occupational fatalities 2 2 r.  2 2 2 
Accident nonoccupational fatalities 7  ,  7 7 7• 7  
Accident occupational injuries 4.1 4.1 4.1 4.1.. .4.1 
Accident nonoccupational injuries 120 120  

Total fatalities 9.1 9.1 9.1 9.1 9.1 

Rail transportation  • 
Normal nonoccupational fatalities 0.1 0,1 0.1 0.1  0..1 
Accident occupational fatalities 0.05 0.05 '0.05 0.05 0,05 
Accident nonoccupational fatalities 0.8 0.8 0.8 0.8 0.8 
Accident occupational injuries 7 7 7 7 
Accident nonoccupational injuries 1.4- 1 1.4 -  1.4 1.4_ 

Total fatalities 0.9 0.9 0.9 0.9 0.9 

• Estimated risks of shipping all spent fuel from reactors to'the MRS facility. The 
risks are the same for all four of the scenarios discussed in the text. 

b Radiological fatalities include first- and second-generation genetic effects. 
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Table A-28. Transportation risks for the improved-performance system from shipping 
consolidated spent fuel from the MRS facility to the repository' 

Risk type 

Salt 
Tuff 

(Yucca Mt.) 
Basalt 
(Hanford) Richton 

Deaf 
Smith 

Davis 
-Canyon 

RADIOLOGICAL RISK') 

Normal occupational fatalities 0.002 0.004 0.005 0.006 0.005 
Normal nonoccupational fatalities 0.02 0.02 0.02 0.03 0.03 
Accident nonoccupational fatalities 0.006 0.01 0.01 0.01 0.01 _ 

Total fatalities 0.02 0.04 ,0.04 0.05 0.04 

NONRADIOLOGICAL RISK ! 

Normal nonoccupational fatalities 0.01 0.09 0.1 0.1 0.07 
Accident occupational fatalities 0.3 0.9 1.3 1.6 1.4 
Accident nonoccupational fatalities 5 14 19 24 21 
Accident occupational injuries 47 130 180 220 190 
Accident nonoccupational injuries 40 

Total fatalities 5.4 .  15 20 25 22 

• Estimated risks from shipping consolidated spent fuel from the MRS facility to the 
repository. All shipments assumed to be by dedicated train in 100-ton casks carrying 
ready-to-emplace disposal containers. 

b  Radiological fatalities include first- and second-generation genetic effects. 



Table A-29. Transportation risks for the improved-performance system from shipping 
secondary waste from the MRS facility to the repository' 

Type of risk 

Salt 
Tuff 
(Yucca Mt.) 

Basalt 
(Hanford) 

Deaf 
Richton  Smith 

Davis 
Canyon 

RADIOLOGICAL RISK' 

Normal occupational fatalities 0.0008  0.001 0.002 0.002 0.002 
Normal nonoccupational fatalities 0.005  0.008 0.009 0.01 0.014 
Accident nonoccupational fatalities RAIL 	0.01 0.01 2,22_ 

Total fatalities 0.008  0.02 = 0.02 0.03 0.02 

NONRADIOLOGICAL RISK 

Normal nonoccupational fatalities 0.008  0.02 0.03 0.04 0.03 
Accident occupational fatalities 
Accident nonoccupational fatalities 
Accident occupational injuries 
Accident nonoccupational injuries 

Total fatalities 0.008  0.02 4;03 0.04 ,  0.03 

• Estimated risks of shipping secondary waste (spent-fuel-assembly hardware, 
high-activity low-level waste, and contact-handled transuranic waste) from the MRS 
facility to the repository. All secondary-waste shipments assumed to be by dedicated 
train in 100-ton casks. 

b  Radiological fatalities include first- and second-generation genetic effects. 

6 
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Table A-30. Transportation risks for the improved-performance system from'shipping 
high-level waste to the repository' 

Mode and risk type 

Salt 
Tuff 

(Yucca Mt.) 
_ Basalt 
(Hanford) Richton 

Deaf 
Smith 

Davis 
Canyon 

Truck transportation 

RADIOLOGICAL RISK' 

Normal occupational fatalities 0.3 0.3 0.3 0.3. 0.3 
Normal nonoccupational fatalities 1.5 1.5 1.5 1.8 1.8 
Accident nonoccupational fatalities 0.001 0.001 0.001 2.001 0.001 

Total fatalities 1.8 1.8 1.8 2.1 2.1 

Rail transportation  . 
Normal occupational fatalities 0.03 0.03 0.03 0.04 0.04 
Normal nonoccupational fatalities 0.03 0.03 0.03 0.04 0.04 
Accident nonoccupational fatalities 1.1221 0.001 0.001 0.002 0.001 

Total fatalities 0.06 0.06 0.07 0.08 0.07 

NONRADIOLOGICAL RISK 

Truck transportation 
Normal nonoccupational fatalities 0.02 0.1. 0.05 0.1 . 0.02 
Accident occupational fatalities 1.4 1.3 1.3 1.6 1.6 
Accident nonoccupational fatalities 4.8 4.7 4.7 5.7 5.8 
Accident occupational injuries 2.7 2.6 2.6- 3.1 3.2 
Accident nonoccupational injuries 2.6__ 7.5__ L5__ 211_ 21_ 

Total fatalities 6.2 6.2 6.2 7.4 7.4 

Rail transportation 
Normal nonoccupational fatalities 0.03 0.04 0.04 0.06 0.04 
Accident occupational fatalities 0.04 0.04 0.04 0.05 0.05 
Accident nonoccupational fatalities 0.6 0.6 0.6 0.7 0.7 
Accident occupational injuries 5.3 5.3 5.4 6.9 6.6 
Accident nonoccupational injuries 1.4 . 

 
1.1  1.4_ 

Total fatalities 0.63 0.64 0.66 0.84 0.79 

• Estimated risk of shipping.high-level, waste directly to the repository. All shipments:- 
assumed to be in 100-ton'casks. 

b  Radiological fatalities include first- and second-generation genetic effects. 
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Table A-31. Total transportation risks for the improved-performance system' 

Mode and risk type 

Salt  
Deaf  Davis 

Richton  Smith  Canyon 
Tuft  Basalt 

(Yucca Mt.) (Hanford) 

RADIOLOGICAL RISK' 

Truck transportation' 
Normal occupational fatalities  0.9 
Normal nonoccupational fatalities  4.5 
Accident nonoccupational fatalities  1.23 

0.8 
4.4 

L 05  

0.9 
4.5 

LIB 

0.9 
4.7 

0.9 
4.8 
SLILi 

Total fatalities  5.3 5.4 5.4 • 5.7 5.7 

Rail transportation° 
Normal occupational fatalities 0.09 0.09 0.09 0.1 0.1 
Normal nonoccupational fatalities 0.1 0.1 0.1. 0.1 0.1 
Accident nonoccupational fatalities 0.03 0.04 9914 4.25 IAA 

Total fatalities 0.2 0.3 0.3 0.3 0.3 

NONRADIOLOGICAL RISK 

Truck transportation' 
Normal nonoccupational fatalities 0.2 0.4 0.4 0.5 0.3 
Accident occupational fatalities 3.7 4.3 4.6 5.2 5.0 
Accident nonoccupational fatalities 17 25 30 36 33 
Accident occupational injuries 54 130 180 230 200 
Accident nonoccupational injuries 

Total fatalities 

ZOO 	, 

21 

220 

30 

230  2511__. 

39 35 42 

Rail transportation °  
Normal nonoccupational fatalities 0.2 0.3 0.3 0.4 0.3 
Accident occupational fatalities 0,4 1.0 1.4 1.7 1.5 
Accident nonoccupational fatalities 6.3 15 20 25 22 
Accident occupational injuries 59 140 190  - 240 210 .  

Accident nonoccupational injuries 12__ _42__ 43__ 

Total fatalities 6.9 16 22 27 24 

' Estimated risks of shipping (1) all spent fuel from reactors to the MRS facility, (2) 
consolidated spent fuel from the MRS facility to the repository, (3) . -secondary waste from the 
MRS facility to the repository, and (4) high-level waste directly to the repository. All 
shipments from the MRS facility assumed to be in 100-ton casks. 

b  Radiological fatalities include first- and second-generation genetic effects. 

' Shipment by truck from reactors and HIW processing plants; shipment in dedicated 
trains from MRS facility to repository. 

d The 100-ton cask carries ready-to-emplace disposal containers. ,  
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A.9.2 ,ASSUMPTIONS 

A.8.3.9 Uncertainties  

The results presented here are to be used only in comparing potential 
repository sites, because their absolute values ,-though considered to be 
representative, have acknowledged uncertainties associated with them. 
Important ones include the following: 

1. The risk analysis (Section A.8.2.8) was performed on a national 
scale, using aggregate input from large regions. As a result, - these 
inputs are averaged and may not accurately reflect information for a. 
specific route. 

2. The packaging capacities are not known at this time nor are actual 
exposure rates for new casks. 

3. Some.inputs will be refined during the studies conducted concurrently 
with:site characterization and during the preparation orthe 
environmental impact statement. 

A.9 COST ANALySIS .  

Early efforts at defining. the transportation-system equipment and 
operating requirements for the repository were Initiated in the'late 1970s, 
when it was recognized that transportation is:an important factor in 
repositorrslting. This section summarizes the method,, assumptions, and 
models used. in analyzing the costs of waste transportation. 

A.9.1' °nun OF-METHOD 
The ,analysis in this-environmental assessment makes use - of the models 

developed to evaluate the costs of transporting watteto a repository.. The. 
analysis is dependent on a logistics Code, WASTES, which analyzes the.cost of ..  

transport and hardirare requirements (Shay et al., 1985). The hardware costs, 
both maiqtguance'and.capital, are evaluated bkusiAgAheoutput:from WASTES. 
The total costs can therefore be thought of,nsthecomposite.value of-shipping 
costs, hardware capital expenditures, and maintenance allowances. All three 
factors pre highly dependent on the assumptions underlying the analysis. 

In calculating costs, the spent-fuel discharge data published in a recent 
DOE report (Reeb:et al:, 1985) were used. In all , scenarios-aitotal , of ,  62,000 
MTU of spent fuel is shipped from individual reactor sites; The specific 
amounts Of spent fuel to be shipped from each-reactOr site were selected on a 
yearly basis•by applying-the following criteria: 7L 
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1. Reactors experiencing a loss of full-core-reserve (FCR) capacity ,  
within a given year were given the highest priority. 

2. Reactors undergoing decommissioning were given the next highest 
priority. 2 years• after their last year- of operation. 

3. The oldest fuel remaining at reactors was given final priority. 

The. other major assumptions used in this analysis are described:below(see 
Cashwell et al., 1985, for details).-). 

A.9.3 MODELS 

The,WASTES.model was-ilseckto calculate shipping: costs: and the size of the 
cask fleet., This modellias - been;benOhmarked against ,  past analyses—.  A good 
discussion of the capabilities of WASTES, is presented by Shay-et.a1—(1985). 

A.9.4 COST ESTIMATES 

The costs of transporting-watte.inthe variousrscenarios are.shown in 
Table A32: Estimates for the - authorized system and two scenarios for the - T. -, 
improved-performancesystem are presented in - sufficientdetailto.shol'thi 
costs of shipping-the:various - types:of wasteiOnlirsummarY results:are 
presented for the other:Scenarios, -:but'detalls-areavitilable : in the:report by ,  -
Cashwell et al. (1985). The results for the same two scenarios are provided., 
in Tables A-33 and A-34 except that different detail is highlighted. In these 
tables, the three major cost components are shown for spent -fuel shipments 
only. The basis for the capital and maintenance costs is given in Tables' 
and A-36. It should be noted in Table A-35 that the cask-maintenance costs 
are for115 years--the assumedlife - of aLcisk: -  Table4,736;estimates the' 
numberdof , caskis needed overtthe lifetimeroUthe repository for each of7Tthe7. 
various- scendrios 

The'cOsts of;transportinOligh-level Waste'are,giVen in Tables A...37 - atid - ' ,  
A-3W.for'each of the - -repository - sites:and for:each modeconsidered; --) 

A.9.5 LIMITATIONS OF RESULTS 

The results presented should be used only to compare the potentially " ' 
acceptable sites. As absolute values, they are limited for several reasons: 

, 	 . 	 ;71 

No attempt was:made - to:escalate coattrforAnflatiOn.' All costs are 
:inconstant 1985 :dollars -.: 

2. The transportation-distance estimates Will beaffected 
selected routes. 
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Table:A-32: 	Total transportation cost . 
(millions of dollars) 

Mode and ,waste type 

Repository Site 

Richton : 	,Deaf Smith 	Davis Canyon, Yucca Mt.,; Hanford 

AUTHORIZED,SYSTEW - 

100% Truck , , r 	I t 
Spent fuel 722 922 1,080 1,286 1,345 
Defense high-level waste 207 195 214 237 	, ;, 	254. 
Commercial high-level 
waste: 	. 

7 , 	8 10 15; . 	-'15 	, 

100% Rail :. -,-, 
Spent "fuel 	V.'z., 699 ,f  832 	r 917 1,024, ;  „ ,11055,,7 
Defense high-level:waste 272 ;t 	279 278 	- 308, 	f ,  ,-, ; •,308; 	, 
Commercial high-level 10 10 11 12  12 

waste' ;1., 

Totals 
Truck from origini 936 f 	1,127 	, 1,305 1,538 - ,460.:. 
Rail from origin,:': , i 982 f 	1,122 	--- 	. 1,207 	, i 1,345,..v 10376; . 

IMPROVED-PERFORMANCE SYSTEM 

1. All:fuel to the MRS.facility 

100% truck from origin . 	. 	....._ 
Spent fuel 	600 600 600 - 	600 	------ '600 , 
Defense high-level waste 	207: : 	f-, 195.. 7,:  214 	y 	..; 237 -254 
Commercial high-level 	7 
waste' 

8 10 15 15 

100% rail from origin 
Spent fuel 	; 	594 593 593 593 593 
Defense high-level wast$ 	272 279 278 308 308 
Commercial high-level 	' 	10 
waste s  

10 11 12 12 

Rail from MRS, 100-ton casks, 
Spent fuel in disposal 	421 
containers 

638 728 800 693 

Assembly hardware and 	t 	80 
high-activity waste 

124 144 164 173 

Contact-handled 
transuranic waste 

9 9 10 10 

Rail from MRS. 150-ton casks; 
Spent fuel in disposal 	, ,167 ,, containers 	• 	4 

212 236 412 248 

Assembly hardware and 	87 
high-activity waste 

123 140 147 172 

Contact-handled 
transuranic waste 

9 10 10 11 



Table A-32. Total transportationcoit (Continued) 
(millions , of r dollars) - 1.  

'Repository Location  

Mode and waste type' ) , 	Richton 	'Deaf Smith - Davis Canyon 	Yucca Mt. 	Hanford- 

IMPROVED-PERFORMANCE'SYSTEMAContinued) 

1. All fuel twthe MRS facility (Continued) - - 
Total cost; 100-ton calks , Y 

Truck from origin 1,323 	. 1,576 1,709 = 1,828 . i 	1,748 
Rail from origin 1,384 1,654 1,767 1,889 1,792  

Total cost, 150-ton casks 1 
Truck from origin' . 1,065 1,149 - 	. 1  1,210 1  1,422 1,301' 
Rail from origin 1,127 1,227 , 1,268 , , 	1,483 ..- - ,.1,345 ' 	-1 

q 	' vJi 

2. Western-reactor spent fuel directly to the repository 

Total cost, 100-ton casks 
Truck from origin ,, 
Rail from origin 

Total cost. 150-ton casks 
Truck from origin 
Rail from origin 

1,265 
1,328 

1,046 
1,109 

 ,f 	1,439 
1,537  

1,084 
.. 	'1,182' 

' 

' 

' 
. 	' 

-' 

1,560 
1,640 

1,126 
1,206 4 	• 

) 

• 

1,674• -  
1,760 

1,308 
1,394 

• 

	

1,562 	li 

	

1,628i 	• ,' 

1,205 
1,271 

• High-level waste from the West•Valley Demonstration Project 
• 
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TableA733.,,Costs.oftransportation froM reactors to repository , ;  
in the authorized: systene:, b , 

(millions of dollars) 

Repository site Shipping 	Capital Maintenance Total 

Richton 
Deaf. Smith 
Davis.Canyon 
Yucca, Mountain 
Hanford 

Richton 
Deaf Smith 
Davis Canyon 
Yucca.Mountain 
Hanford 

. ..ALL SHIPMENTS BY RAIL . - 

	

'',390 	•202 

	

:!477 	232 

	

; ,534 	250 

	

c 604 	_ 275  

	

J'626 	.280 

ALL SHIPMENTS BY TRUCK,- 

	

t. 442 	181 

	

595 	212 

	

_'717 	235 

	

:176 	N266 

	

. 922 	,274 

:::'7 	;:..,--: 

108 
,, 	123 
: 	134 

. 	.146 
150 

- 	99 
•.116 
, 	128 
 145 
: 	149 

. 	699 
, 	, 832 

- 917 
 1,024 

1,055 

:, 722 
922 

_ •,080 , 
•1;286, 
1.345 

a  Spent fuel ,nnly. 	- 	 - 	 . 	: r. 	 • 

b  Values have been,rounded.: 
• • 	• 

I 

4-03 
•1 	! 

c9, is pt. 

• 
• • 	 • - 	I 	 •• 	 • 
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Table A-34. CostS'oUtrinsPortation in the improvedperfOrManc&systee ,b  
(millionsof dollars) 

Repository site 	Shipping 	Capital 	Maintenance Total 

RAIL SHIPMENTS TO AND - FROM THE MRS FACILITY 

Richton 	598 	248 	256 1'402 
Deaf Smith 	799 	354 	' 212 1,365 
Davis Canyon 	'895 	. 277 	s':306 •,477 
Yucca. Mountain 	963 	-379 	227 1,569 
Hanford 	906 	-354 	211 1,471 

TRUCK SHIPMENTS TO, AND RAIL' SHIPMENTS FROM,-THE MRS FACILITY 

Richton 	623 	236 	250 1,108 
Deaf Smith 	824 	'342 	207 '1,372 
Davis!Canyon 	919 	265 	300 ! 1,485, 
Theca Mountain 	988 	367 	222 1,576 
Hanford 	931 	'342 	'-206 , 1,479- 

' All spent fuel sent first to the MRS facility and from 	the 
repository, after consolidation. All shipments in 100tancasks.; 

b Cost estimates do not include high-level waste; and values have been 
rounded. 



Table A-35. Capital.and maintenance costs 
(millions of 1985 dollars) 

Transportation mode - Capital Maintenance b  

Reactor to MRS facility 
Truck cask 1.5 0.075 
Rail cask 2.5 0.125 

MRS facility to repository 
100-ton rail cask 2.5 0.125 
150-tonrail cask 2.75 0.125 
Rail package for 

transuranic waste 1.6 '0.075 

Defense high-level waste d  
Truck cask • 1.1,. 0.06 
Rail cask 1.8 0.09 

d Capital costs are for each cask and include the cost of trailer or 
railcar. 

° Maintenance costs are per package-year for the assumed 15-year cask 
life. 

• Based on two packages per railcar. 
d Includes commercial high-level waste from the West Valley._: 

Demonstration Project. 	• 
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Table A-36. Total requirements,for transportation packagin9 
(Humber of Caski) 

Mode and waste type 

Repository site  
Deaf  Davis  Yucca 

Richton  Smith  Canyon  Mt.  Hanford 

AUTHORIZED SYSTEM  

124 145  '-:  . 161 182 
40 43 48 50 
2 2 2 .4 

81 93 100 110 
34 36 38 42 
2 2 2 2 

- 53 
.  4 - 

112. 
44 
2 

100% truck - 
Spent fuel . 
Defense high-level waste 
Commercial high-level waste 

100% rail  ' I 
Spent fuel 
Defense high-level waste - 
Commercial high-level waste - - 

IMPROVED-PERFORMANCE SYSTEM 

1. All spent fuel to the MRS facility 

. 106.. 106 --  106 106 106 
40 44 48 51 56 
.2 2 ,  . 2 .: .4 

67 - .  67.  - 67 67 61: 
34 37 38 42 47 
2 2 2  2 2., 

-.- 
100% truck from origin 

Spent fuel- -  -  -  . -. 
Defense high-level waste 
Commercial, high-level ;  waste• 

 

100% rail from origin  . 
Spent fuel '  
Defense high-level waste 
Commercial high-level waste 

Rail from MRS, 100-ton'casks 
Spent fuel in disposal 

containers 
High-activity waste 
Contact-handled TRU waste 

Rail from MRS, 150-ton casks 
Spent fuel in canisters 
High-activity waste 
Contact-handled TRU waste 

55 70 75 

4 4 4 
2 2 2 

20 20 20 
8 8 8 
2 2 2 

2. Western-reactor spent fuel to the repository 

100% Truck from origin 
Spent fuel 111 108 106 
Defense high-level waste 40 44 48 
Commercial high-level waste 2 2 2 

100% rail from origin 
Spent fuel 70 69 67 
Defense high-level waste 34 37 38 
Commercial high-level waste 2 2 2 

Rail from MRS. 100-ton casks 
Spent fuel in disposal canisters 50 60 70 
High-activity waste 4 4 4 
Contact-handled TRU work 2 2 2 

Rail from MRS, 150-ton casks 
Spent fuel in canisters 20 20 20 
High-activity waste 8 8 8 
Contact-handled TRU waste 2 2 2 

80.. 70 

4 4 
2 

30 20 
6 10 
2 2 

105  . 106 
51 56 
4 4 

67 67 
42 47 
2 2 

70 60 
4 4 
2 2 

30 20 
6 8 
2 2 
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s  Values have been rounded. 

b  Commercial high-level waste. 

A rt • 	-011,  1 
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Table•*-37. ,Costs of transporting-high-level waste-by,truck! 
(millionsj3f 1985: dollars) 

Source and destination 	Shipping 	-Capital 	Maintenance: 	Total 

Savannah River Plant 
Sanford 
Yucca MountaiaT 
Deaf Smith 
:Richton 
Davis Canyon 

Hanford 
Hanford 

135 
110 
63 
34 - 
97 

NA 

48 
42 
31 
22 
40 

NA. 

26 
23 	; 
17 
12 
22 

NA 

, 41V 
" 17 . 

: 111.i 
,68J, 
158 	, 

: 	,•1 
NA 

Yucca Mountain ;  10 3 , 	3,i, .16 
.Deaf Smith 15 4 4 P',-  
;Richton 24 6 4 34  
;Davis Canyon 9 r 3 3 :15 

Idaho National Engineering 
Laboratory 
-.Hanford _.Yucca Mountain , 
.Deaf Smith 

26 
29 
40 

10 
10 
12 

8, 
8 

10 

.44 
. 47 

:- 	02 ,:. -  
;Richton 74 16 14 105 	, 
Davis Canyon 23 10 8 41 

West Valley Demonstration . 	. 
Plant b  
fganford 9 4 2 i-: 
,Yucca Mountain ' 8 4 2 15 
!Deaf Smith 5 2 1 
Richton 4 2 1 7 _ ..,
Davis Canyon --  7 - 2 ;, 1 10 

, 



Table'A38. COSts ofTtransporting:highleVel:wasite.by 	
. 

 
(Millions of 1985'dollarS)' 

Source And'destiation .Shipping" 

SRP to 
Hanford 142 
Yucca Mountain 126 
Deaf Smith 92 
Richton 56 
Davie 118 

Hanford to 
Hanford NA 
Yucca Mountain- 15 
Deaf Smith 20 
RiChton 26 
Davis 14 

INEL to 
Hanford  44 
Yucca Mountain 48 
Deaf Smith 64 
Richton 91 
Davie 39 

West Valley to 
Hanford 7 
Yucca Mountain 7 
Deat Smith 5 
RiChton 4 
Davis 6 

'MaintenSAce': 	'Total 

65 32 240 
54 27'. 208 
43 22 l67 
32 16 105 
50 25 193 

NA NA NA 
5 4 25 
5 4 30 
7 5 '49 
5 4 24 

	

14 	11 	69 

	

16 	12 	77 

	

16 	12 	92 

	

22 	16 	129 

	

13 	10 	61 

	

4 
	

12 

	

4 
	

2 
	

12 
3.6 
	

2 
	

10 

	

.4 
	

10 

	

4 
	

2 
	

11 

a  Values have been rounded. 
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3. Published tariffs were'Used:in:  thiS analysis where livailable; 
however,,under_the.deregula tionthat has recently occurred, the DOE  
will be able to negotiate with carriers for rates and iervices, and .  
ahippinvcostsImay change. 

• 

A.10 -BARGE TRANSPORTATION TO REPOSITORIES' 

H.Thr011Ost likely way it which bargetransportatiokwould be used. to make 
shipments to a repository would be:to complete a ,partial. leg of the_journey 
In all cases, barges cannot be loaded directly from the -reactor-pool,loading 
area without the Oae:of: heavy-haultrOtk equipment:Or;a:railcar.'In:the barge - - 
scenario for eastern reactors evaluitediq Tobin and,keShkov'(1985)“t was 
considered likely that a reactor withinA83 kilometers:(300 miles) .  of - a large 
port capable of handling large raildaika and served by a railroad would ship , 
by_rail_and then_ use A barge_ through an intermodal transfer. The' eittern 
reactors for which barge transport was considered to be a feasibleoPtiOil are 
listed in Table A-39. The shipment from the reactoryould 'then proceed - aS4ar .,- 
as possible by barge, - and then another intermodal trailafer:WOldHoCeurbaCk* 
a railroad. This transfer point was assumed.to-be-either in the Gulf 
Mexico or on the Mississippi River. Therefore, the shipment would arrive at 
the repository by railcar. The possible exception where barge loadings and • 

unloadings could be made directly would be a specially designed cask-handling 
facility at the MRS facility. Because a barge has tremendous capacity 
(equivalent to at least four rail casks), it is highly inefficient to use 
small truck casks. 

The results given in Table A-40 for the risk from barge transportation 
generally show that barge transportation increases occupational exposure for 
normal operations during the shipment of spent fuel. Because barge shipments 
require intermodal transfer at both ends of the journey, the workers involved 
in this activity receive relatively high radiation doses and account for the 
large increase in occupational exposure over the rail mode. The exposure of 
the public is also increased by the intermodal transfers. 

The results presented in Table A-40 are a first attempt at characterizing 
barge transportation. The numbers are expected to be refined as further 
studies are conducted to provide models, of similar detail as those available 
for the truck and rail modes. As in previous studies for truck and rail 
modes, when data are not well characterized, assumptions are made that tend to 
overpredict the, actual values. However, reactor-specific results presented by 
Tobin and Meshkov (1985) suggest that under several circumstances the barge 
mode may reduce risk. 

Tobin and Meshkov did not investigate the consequences of barge accidents 
because a previous study (Unione et al., 1978) was found to contain analyses 
for barge accidents that were similar to those used by Sandquist et al. (1985) 
for truck and rail accidents. The results of that study are shown in Tables 
A-41 and A-42. These results can be compared with the equivalent categories 
in Table A-5. Table A-42 is comparable to results for water release. The 
results show accidents from barges to be of the same order as for other modes. 



Direct to water'  
Transfer at Houstonc 	Transfer at Memphisd  
Plant  State  Plant  State 

 

Rail to Water°  
Transfer at Houston  

Plant  State 

 

  

  

Brunswick 
Calvert Cliffs 
Crystal River 
Farley 
Indian Point 
Maine Yankee 
Millstone 
Oyster Creek 
Pilgrim 
Salem 
St. Lucie 
Surry 
Turkey Point 

North Carolina .  
Maryland 
Florida 
Alabama 
New York 
Maine 
Connecticut 
New Jersey 
Massachusetts 
New Jersey ' 
Florida 
Virginia 
Florida 

Big Rock Point .  
Browns Ferry 
Cook 
Davis-Besse .  
Dresden 
Fitzpatrick' 
Ginna 
Kewaunee  , 
Nine Mile Point 
Palisades  ) 
Point Beach 
Sequoyah, 
Zion 

• 

Michigan 
• Alabama 
Michigan 
Ohio. • 
Illinoia 
New York 
New York 
Wisconsin 
New York: 
Michigan. 
Wilcopsin 
Tennessee_ 
Illinois` 

Hatch 
McGuire . . 
North Anna 
Peach Bottom 
Robinson': 
Summer' 
Susquehanna 
Three Mile Island 

17  Vermont Yankee 

Georgia 
North Carolina 
Virginia 
Pennsylvania 
South Carolina 
South Carolina 
Pennsylvania 
Pennsylvania 
Vermont 

▪ Plants located on a waterway. 
b  Plants located within 300 miles of port. 
• Shipments to Houston are by ocean. 
d Shipments to Memphis are by inland waterway. 

Table A-39. Reactor sites included in barge study _  

• 

A-70 



Table A-40.  Projected latent'cancers for shipments to repositories 
from reactors with barge access'' b.  

Deaf Smith Yucca Mountain Hanford 
Type of transfer  Barge/rail All rail Barge/rail All rail Barge/rail All  rail 

Offshore to Gulf of .  
Mexico 

• • 

NonoccuPational 0.03 .  0.02 0.04 0.03 0.05 0.03 
Occupational 7' .  0:09 .  0.014 0:1  ' '0.02 -  - 0.1 --  - 0.02 

- 
- Inland waterways to 

Mississippi River 

Nonoccupational  0.02 0.01 0.03 0.02 0.03 0.015 
Occupational  0.08 0.01: 0.08 0.015 0.08 0.015 

Rail to water and 
Gulf of Mexico 

• • 

Nonoccupational  0.05 0.01 0.06 0.01 0.06 0.01 
Occupational -  - - 045 -- 0:007  ---- 0;06 -  0.01 - -  0.06 ---  

Total, 35 reactor sites•k'  ,  - 

Nonoccupational  0.10 0.04 0.13 0.05 0.14 0.06 
Occupational  L22 LIU L24 MAI ' 	L24 Liil 

Total 
 

0.32  0.07  0.37  0.10  0.38  0.10 

• Considers shipments from reactors listed in Table A-39 according to schedule given by Tobin 
and Meshkov (1985). 

b  Analysis was made only for three poteptial_repository sites., 

• 
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Table A-41. - :.Summaryof the radiological airrelease 
consequences'of Airborne releasei '- 

from_barge accidents'_ 

Accident 
	

Latent-cancer fatalitiesb 
class' 
	

Average 	Maximum 

4 

a  Estimates based on data presented by Unione.et al. (1978 
Table 6.4).  

 b 	 ,  
Based on the assumption that:s. population dose Of I. man-rem 

induces 0.0002Aatent-cancer fatality plus fiist- and 

	

secOnd-generition genetic effects'. -', 	. 	Y' , ' 	r- 
' Accident'classer - from Wilmot-et al,-(1983); - 

Table A-42. Summati of the'rediolOgiCal 
consequences of waterborne releases from barge accidents' 

Specific 	Latent-cancer 
dose pathway 	fatalities'' 

Drinking water 	 1.0 

Fresh-water fish 	4 

Shoreline deposits 	0.02 

Irrigated crops 	 0.1 

Total of all pathways 	5 

Estimates based on data presented by 
Unions et al. (1978, Table 6.16). . • 

b  Based on the assumption that a population 
dose of 1 man-rem induces 0.0002 latent-cancer . 
fatality plus first-and second generation genetic 
effects. 

I 
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Shipping by barge may be moreexpenaive than the rail mode. Tobin and 
Meshkov suggest thatshippinglient fuel by barge and.rail to a repository 
could cost from $38 to $47 per kilogramof Uranium," .butthese numbers are high 
because new cost estimates for casks are loWer than those used in theii 
study. If values from Table A-35 are substituted, the adjusted cost.for barge 
transportation becomes $27 to $34 per:kilogram of uranium.• This compares with 
a range for rail of $13 to $17 per kilogram 6UuraniUM, or approximately ,half 
the barge and rail cost. The bargeand-rail Cost canle-reduced by adding 
more casks to each barge; Tobin and Meshkov assume four railcasks on a barge. 
It is feasible to ship at least six'casks on et barge. 

A primary objective of the Tobin and Meshkov study was to determine 
whether barge transportation is a discriminating factor in site selection. It 
can_be.inferred; -howeveiirfrom Table A-40 and from the preliminary estimates 
of cost per kilogram of uranium shipped that barge transportation will augment 
the other modes and will be used in special circumstances where the other 
modes are not available. Since all shipments in the region of the repositoii 
site will be completed by rail or truck even if:bargesare used, no site has a', 
significant advantage because of its proximity to a nearby port. For example, 
the Richton site may appear to be better than-Yucca Mountain becauseof its 
proximity to the Gulf of Mexico,-but- there is no advantage because a shipment 
to either site must be completed by rail. Similarly, barges on'the Columbia 
River could arrive within abouti :10-Miles of the Hanford site, but this option 
does not appear reasonable'or proliable for eastern reactors becaUse of the 
additional-crew-eXpoiure, cost,'ind time required to complete a shipment via 
the Panama Canal. itdministrative concerns, including safeguarding and travel 
through foreign countries, add to the unlikeliness of this option.. As can be 
seen in Figure A-14:  some reactors west of the longitude 100°K cOulership to 
the Hanford site using intermodal transfers. The Trojan plant:in Oregon as 
well as the Humboldt Bay and Diablo Canyon plants in California could possibly 
ship directly if the proper dock facilities were available,' It is not likely 
that a barge can laUd at San,Onofre in California. Power ,Olants in Arizona. 
and the Rancho Seco;plant in California are also not likely to ship by barge: 
because rail shipments would have to be made to a suitable port. In each 
case, this port is likely to.be -densely populated, and therefore there is 
little_ incentive to -Uie'barges. 

No additional insight for ranking sites it gained from Table A-40. dkt 
this preliminary stage in the evaluation of the-barge mode for its feasibility 
and safety, it is concluded that the barge option is not a discriminating 
element in comparing sites. 

A.11 EFFECT di THE SECOND REPOSITORY ON TRANSPORTATION ESTIMATES 

The analyses thatJtave been discussed to this point (see Section A.8.3) 
do not explicitly consider the effect of the - second repository; however, the 
siting guideline on t4nsportation requires the second repository to be 
considered-in the costiand risk analyses. A supplementary analysis was 
performed i to prediatAhe,expected uncertainty in the results for a single 
repository when a second repository is added to the waste-management system. 

• 	 r 	 7 
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Figure A-4. Reactors west of 1000  W longitude. 
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A.11.1r 'SINGLE-REPOSITORY ANALYSES 

The impacts resulting from shipments from reactors to the repository have 
been evaluated for both the authorized system and the improved-performance 
system. 

In the authorized system, spent fuel and high-level waste are shipped 
directly to the 'repository.'- The spent fuel that was assumed.to be shipped is 
generally the Oldest-fuel-; except'when'a reaCtOrLthat'is7running out of 
storage capacity"s4ivelapreferences--The geographic - lOcatiovbfthe fuel IS -
not contidered.:c. 

1 
In the scenarioi4nalyZed for - theAmproVed-performance.syStemiiiMilar 

assumptions were made about the fUelAhat - is - shipped, but the , fuel.is , sent' 
first to the MRS facility and then to the repository. Four variations of the 
improved-performance system were considered: -  The first two - assumed - that all 
of the spent fuel that is received by the repository is routed through the MRS 
facility.- These two variations differ only in the size . ,of:the'Cask:assumed to 
be used:for'shipments4rOmHthe.MRS facility to the repositoryj100:and 150 
tons). Defense high-level waste is sent directly to the repository; ,. it'does 
not pass through the MRS ,faCilitk.- - .  

Two other variations ,Weretenerated -by taking into 'accountthegeOgraphic 
distribution of some of the fuel. -,. -Intheievariations, about 4,500 MTU.of 
spent fuel from the -reactors west of the Rockies is sent to the first 
repositoryWithoUtpaiiing through thi 	 'The remaining fuel is 
preferentially selectid-by age except-for cases where reactors havi-nostorage 
capacity. These two'variations ali 7alsoAistinguishible because 
two different'cask.Siiet-were assumed for each.' 

None of the variations of the improved-performance'System or the: ----HT -
authorized.system fully consider the geographic distribution of fuel; some 
do not consider it at all. 

A.11.2 LOGIC SUPPORTING TEE SUPPLEMENTARY ANALYSIS 

If 4csedondfrepOiltory is' introduced into the waste-management system; 
the apenbIuel-that , :wiii be 'sent to the firstxepositorycsn'be:chasen7tot 
only for theTage-OUthe -fuelcbutilsolor the -proximity'OfHthe fuel to 'the -  
repoSitory.'' LOgic and -the mandatacdthe Act-appear 'to dictate that fuel'. 
closest to the first repository should be shipped to it, with the remainder 
being shiPpedttithe'seCondreptiaitory When an MRS facility is-added td -the 
waste-managementaystethe"ideallnelaelection for the first repository 
would be thejuellarthettrfromthe:secondrepository (approximatily:nearest. 
the first "repository).;::.. 	' :'• 	 - 	 - . 	 ! 	 . 

The seccind•:ripoiltOri: wilr'enter the "syitem *several 'yeirs of ter the - - 
first. Consequently, 	 ron the population of reactors shipping 	r the •T'' 
first 'kepositoty 	someWhaf rancid :because the 'reactors with 'storage i;• 
problems would likely 7tioV be' testri6ted from shipment •to 'a more distant first 
repository 	long 'as their- itattge problems: remained. The supplementary 
analysis more closely represents a system that simultaneously has two 



repositories in operation and therefore will manifest the greatest effect o 
regionality on the transportation impacts. 

A.11.3 DESCRIPTION OF SUPPLEMENTARY ANALYSES 

Two separate analyses were performed: one that considered. the MRS ,  
facility and another that , did_not. For each analysis, two cases were : 
considered: .(1):th&first - repository receives:spent fuel from reactors 
closest to it and (2) the first repository receives spent fuel from. reactors 
farthest from it (Figure A-5). Only Yucca Mountain is shown in Figure A-5; 
however, similar figures were generated-for analyses for each of the five 
sites nominated as suitable for characterization. 

The major assumptions are as follows•. 

o The cumulative spent-fuel quantities were assumed to be those of the 
"midcaseprojection.by!the DOE's Energy Information Administration 

o Estimates based on adjusted "great circle" distances.. 
o Use of 150-ton casks for shipments from the MRS facility. 
o Allspent:fuel.routed through the MRS:facility. 
o _ Only spent fuel. was assumed to be shipped. 

The results are presented in Table A743..; Only cask-miles were calculated 
because.cask-miles areal good ,  surrogate measure of . 	costs and 
risks. Table A-44 contains the percentage variation from the, 
single-repository values. It can be seen that the introduction of a second 
repository can produce a significant effect on the results for a 
single-repoSitory analysis..: 

A.12 CRITERIA FOR APPLYING THE TRANSPORTATION GUIDELINE .  

The siting guideline on transportation . (10 . CFR 960.5-2-7) contains a 
number of terms that are subject to interpretation. These terms are 
underlined in Table A-45,14bich is &complete listing of:boththe favorable: 
and the potentially adverse conditions of, the guideline. :  Terms like -  "shorW 
"economical," "cuts,":and "fills" are clearly:opento interpretation. These 
common terms generally.defyLthe application of accepted objective ,  definitions. 

Early inAhe process ofi implemeilting the guideline,* wasirecognized 
that a consistent: set:of criteria was needed,  to apply the transportation 
guideline.,14.  September 1984, an ad hoc transportation group was established .  
to deal with transportation issues in the environmental assessments (EAS)..,,. 
The group included a member from the DOE Project Offices reprelenting, the 
three hostrocks considered for the first repository, and representing*, J 

substantial expertise- in , : the transportation of.radioactive waste. One member, 
had been:Instrumental:in:drafting: the guideline. itself.: Beforeithe H ipsuance 
of the draft. EAsi:this: group developed criteria.for applying favorable: ; , 
conditions 1,-2,,and 3 and potentially adverse conditions 1.and 3. 
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Figure A-5. Anatysis of shipping from farthest and closest reactors to Yucca Mountain. 



Without MRS facility , - 	Wi th MRS facility 
Repository site Closest Farthest Closest Farthest 

Richton -46 +40 -44 +52; 
-- ; 	- 

Dea£7 Smith -30 , - +23 -38 +44 

Davis Canyon -29 +22  -34 +40 

Yucca Mountain -29-, .4'21 -27 -i-30 

Hanford -,, -25 +19 -33,- +37 

6 	: 1 

Table A-43. Cask-miles from reactors to potential repository locations 
with and without an MRS facility' 

(Millions of cask-Miles) 

Repository 
site 

Without MRS facility. With MRS facility 

-Closest 
, 	EA 
Analysis 'Far.thest, 

;EA 
Closest. 	Analysis 	Farthest 

Richton 6.5 11.0 15.3 5.1 9.2 14.0 

Deaf Smith 11.6 15.4 18.7 6.8 10.9 15.7 

Davis Canyorr, 14.1 18.8 22.7 ' 7.8 11.9 16.7 

Yucca Mountain 
, 

17.4 . 	23.2 27.6 11.4 15.6 20.3 

Hanford 19.2 24.6 "28.9 8.6 12.8 ' 17.5 

' Estimates based on the shipment of 62,000 MTU of spent fuel. 

T4b1e A-44. Percent variation in Cask-miles resulting from theAntroduttion 
of second'repository: 

I". 



Table A-45. Criteria for apply ng-the,transportation guideline 

FAVORABLE CONDITIONS,- ,t 	. ,.,j: 

- : __:,_. 
(1) Availability of access routes from locall-existing highways. and .railroads 

to the site which have any of the following characteristics: 
P 	: 

(i) Such routes are relatively short and economical to construct as 
compared to actess.routes:for , other-,comparable siting options.. 

(ii)71Federal; condemnation  is not- required-to 'acquire rights-of-way . ;for 
... , ,the-access:routes.Jr- 	f7; 

(iii) Cuts, fills, tunnels, or bridges are not required. 

(iv) Such routes are free of sharp curves  or steep grades  and are not . 
likely to-le.affectedLby:landslidesori--xock 

(V). Such routes bypass local cities and towns. 

Criterion 

All parts.of this favorable.condition pertain to the access.route to= the 	, 
repository. The ,access route-isl , the road. or railspur that must be Constructed
to connect existing roadS or, track with the sites. Only-one,part need be . 
present. 

(i) The favorable condition is present if the access route is less than 
10 miles long and costs less than $10 million. These criteria are 
applieUto truck and tail routes separately. 

(ii) If any part of the access route must be constructed over private:: 
land, it is assumed that Federal condemnation will be required, and 

-the favorable condition is not present 

(iii) All:ixoad;or trackfconstruction:requirescuts'and,Eillsi .Xuts,7and,: 
fills ' for{:generally flatrterrain are.:consideredacceptable.,,!The:.:. 
favorable:IdonditionAsAlOt.'present.,1Vbridgesortunnels-are 
required. 

(iv) The favorable condition is present if the access road is 
constructed over generally flat terrain. • 

Io 
(v) '-:The favotablenconditift isfmotlpresent if:theaccessL:routepasses 

:through °a highlylacipnlAtedTarea,Avdefinediin210,CFR,Part 960,1 . . 
Subparti,AiHor,96M744(c)(2)AFederal -Register,?Vol.4941.PP*7.47754 
and 47763, respectively). 

r 



Table A-45. Criteria for applying the transportation guideline 
: 1  • 	 • - (Continued)* -- 	-'• 

(2) Proximity to local highways and railroads that provide accealt)tn?regionar,. 
highways and railroads and are adequate to serve the repository without 
significant Upgradingor reeonatruction.—I 

- 	!' 	 .-7 T■ 
Criterion 

This favorableconditiOnApertains.toTthatsegmentoUexisting track between 
the outer end of the access. route and the nearest State, Federal, or 
interstatehighway-and-the nearest-: mainline thatAqea: notrequite (11 
upgrading or repair. This segment of road or track shouldA3e•no_longerfthan 
10 miles and cost no more than $10 million. 

- 	1::•1 

(3) Proximity to regional highways, mainline%railtoada, orAnland waterways 
that provide access to the national transportation system. 

Criterion 

This distance refers to the length of the road or track between the outer end 
of the access route-.andthe, nearest State, Federaliior:interstatehighway,or' 
the nearest mainline railroad: -Jhii-distanceshodld'be no more2thaw , 30 
miles. Distance-to a-waterwayCii notdonsidered -luicause-a barge shipment 
would have to offload onto a railroad. 

(4) Availability of a regional railroad system with a minimum numberof ,l .  
interchange points at which train crew and equipment changes would be 
required. 	- 	U.) 	 J 

Criterion 

All site's have at least-one-railroad -Jnierchaige-pOint:attha point:Athere . the 
site spur , j0insitie . mainline.' - 'All other interchanges within. -::125 	the 
site will be counted. -The site Kith_ 	fewest,linterchangearwill 
considered to have the favorable condition present. 

(5) Total projected life-cycle-cost and risk for transportation of all wastes 
designate&-for the repository site which,  are significantly lower than (7 )  

those for compaiibli'siting options,,consideritulocationa of present and 
potential soircei'Of wasti, interimLsiorage'ficilities, - and'other 
repositories. 	 : 

Criterion 

All sites will be compared; only one site will have the favorable condition 
present. 
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Table:-45. Criteria for ;:applying.the transportation .guideline ,  
(Continued) 

(6) Availability of regional and local carriers--truck, rail, and .  
water--which havethe capability and are willing to handle waste 
shipments to the : repository. 

Criterion 

This favorable condition is present if any carrier--truck, rail, or water-
available within the minimum-transportation-study.area. 

(7) Absence of legal impediment with regard to compliance with Federal 
regulations for the transportation of waste in :brthrough the,affected 
State:and adjoining : States. 

Criterion 

This favorable condition will be addressed as explained in Appendix C. 

(8) Plans, procedure's, and capabilities for response to radioactive waste 
transportation accidents in the affected State that are completed or 
being developed. 

Criterion .  

Any evidence that emergency-response plans, procedures, :  and capabilities exist 
will be favorable. Evidence . for all of these is required for a finding that 
the favorable condition is present. 

(9) A regional, meteorological history indicating that significant s
. 

 

transportation disruptions_ would not be routine seasonal occurrences. 

Criterion 

The repositoryactivity is : significant 
its annual acceptance rate. :  

disrupted , if it is not able to meet, 

2 C, 9 60 



Table A-45:' Cfititia for:appliing - the- transportation-guideline 
(Continued) 

POTENTIALLY ADVERSE -CONDITIONS- 

(1) Access routes to existing local highways and railroads that.are expensive  
to construct relative to comparable siting options. 

Criterion 

An expensive access route is considered to be one that costs more than $10 
million. 

(2) Terrain between the site and existing local highways and railroads such 
that steep grades, sharp switchbacks, rivers, lakes, landslides, rock 
slides, or potential sources of hazard to incoming waste shipments will 
be encountered along access routes to the site. 

Criterion 

This potentially adverse condition is present if the terrain over which the 
access route must pass is not generally flat and if the access route must 
cross a river or lake. 

(3) Existing local highways and railroads.that could require significant 
reconstruction or upgrading to-provide adequate routes to the regional 
and national transportation system.. 

Criterion 

This potentially adverse condition is present if a significant reconstruction 
or upgrading of a truck or rail .  route costs more than $10 million.: This 
criterion is applied' separately to truck and rail routes. 

(4) Any local condition that could cause the transportation-related cotte,. 
environmental' impaCt4, - Oi - risk tolpublidhealth and safety from waste' 
transportation operations to be significantly greater than those ' ' 
projected for other comparable siting. options. 

Criterion 

Examples of local conditions that are potentially adverse are proximity to a 
bombing range, extreme costs, and despoiling of the environmental and 
aesthetic qualities of pristine land. • 
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criteria were AppliedAuring'theriankingprocess documented in Chapter 7 of 
the draft EAs. 	 --;. 

The process by which the criteria were developed relied heavily on the 
collective transportation expertise of the ad hoc group. Rules-of-thumb were 
often used to make'estimates inthe context of.indefinite terms. For example, 
the cost of a mile of new highwSy or railroad track is often assumed to be $1 
million when the route traverses flat terrain. Such an estimate might be used 
when much additional information is not available. The application of such 
rules, experience, and informed judgment allowed more-definitive: criteria to 
be developed while considering the requirement to judge transportation. 
conditions in the context of "comparable siting options." In other words, the 
criteria values were developed by fully considering the range and.distribution 
of values for all'af the five sites nominated as suitable for characterization. 

The comments on the draft EAs'noted other inconsistencies in the findings 
reported for the transportation guideline, particularly for the conditions 
that' contain' the term "regional". The DOE then decided to develop criteria 
for all of the conditions in the transportation guideline. . Through repeated 
discussions with . the ad hoc committee members,'.the final criteria presented in 
Table A-45 were promulgated in August 1985. ,Again, the process ofcriteria 
development relied on the' judgment. of the transportation ad hoc group. 

f 

i.13'_:COMMON-QUESTIONS REGARDING:TRANSPORTATION 

A.13.1 PRENOTIFICATION 

Many States wish to be notified in advance of certain radioactivewaste 
shipments.  

Whether.prenotification results in an increase in safety.is the subject 
of considerable discussion. among Federal regulatory agencies -and State andi., 
local goVernments..-Currently, the NRC, under Congressional mandate,-_reqUires. 
NRC licensees to notify States.in.advance of. spent-fuel:and.certain 
radioactive-waste shipments (10 CFR 71.97 and 73.37(f)).'t The:DOTrequires: ,  
postnotification of shipments (49 CFR 173.22(d)):0 In an effort to understand 
the issue an“p4AUge the efficacy of the.NRC regulation, the DOE 'sponsored a 
study (Pellettieri ancrWellosi1985); Currently, the. DOE and the DOT.have 
completed a joint'study that surveyed the State, local, andfacility 
notification requirements fotAlazardous materialsL(Dively et al.:,-1985)... 

The DOE currently provides State officials with generic,notification of 
its shipments of -xadioactive.material. This notification:reviews'the : type and 
quantity of-shipMents - but does:not:designate the:time.andthe -  date:of; 
shipment. For:current.shipments in support of the OCRWM researchand -
development'prograM, the:DOE.Is supplementing this genericnotificationwith-
courtesycommunicatiOns to4n4ipprOpriate officer. of each Statethrough 
the shipmentiw111 	ofthe number of spent-fuel:shipments to.; 
repositoriekithe DOE will evaluate its current proceduresjor tracking 
radioactive-waste shipments and consider a number of additional options. For 
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example, An .effective teal-timeshipment7tracking,system may bee preferable 
alternative to prenotification. Decisions will be based on the best 
technology available and applicable laws and regulations in use at the time of 
shipment to a , WasteManagement facility. 

A.13.2.. EMERGENCY RESPONSE 

Emergencrresponseto &transportation-accident:involving radioactive 
material ia - anotherJconcern•of State:an&local officials 

State an&-lOcaL jurisdictions:have the - primartresponsibility.for 
emergencylresponseto-incidents occurring incOnnection-with all hazardous: 
materials, including spent-fuel shipments. Federal assistance can be provided 
in manivwaysiiihowever. -For'exaMplei.the DOE.will7make available from its,. 
resources , suCh ., radiologicaiadvice and assista0Ce atels.requesteciand 
appropriate to protect public:health amisafeti and: tc:vcope with radiologicaL 
hazards. DOE personnel will tespond,twrequesis fromINRCAicenseesi:Federal,- 
State,::and locat.authoritiesand'private persOns or. companies, including : ;  
carriers . . Assiitance:can be:obtained fromany.one of eightDOE regional - 
centers, whicharecapable OUresponding , to radiological:incidents:on a- -  
24-hour basis. Requests for aid are handled directly through the DOE regional 
centers or through an emergency clearing house called CHEMTREC (Chemical 
Transportation Emergency Center) that is sponsored and funded by the chemical 
industry. The DOE'offiCes, when requested, willprovideiradiation assistance 
teams. 

For States hosting facilities developed under the Adt, the DOE will seek 
to negotiate•written agreements that can addredilassistance anclfunding for 
emergency-response preparations. In other Statei funding or assistance:in -  - 
lieu of funding (e.g., training courses,. equipment, etc.) will continue to be 
availablethroUgh,the'Federal Emergency Management Agency(FEMO or. other-
Federal - agencies.: Examples.of;the - type of' asSiStancealready4rOvidediby - the: 
Federal Government are'the emergendp,response4Orkshops for first:responders'.;: 
sponsored by'the DORAitvarioUs:locations:in the country each.yearas part. of 
its compliince-training prOgram.-: 

The:TEMArhaiCtoOrdinate(ithe:deVelopment oUihe'interimrFedera17-, 
Radiological'EMergencyRedOonse Plan (FederatRegiiiter;1701:1 49,-p. 35896). 
The interim plan Outlines procedures' to be ,  taken inthe event: of nuclear 
accidents,: including thosejnVolvitgAhetransportation of' radibactive , waste, 
and is'designed to provide - coordinated Federal response in support of State 
and lOcal-gavernMents.:':Under'the plan4 - State:and l'ocaLgovernments.have the 
prithary'responsibility-forrespondinutoemergesiOieS“ederal technical 
assistance iivprovided:onflrequettInaddition“hi -JEKkhaspublished. 
interim Guidance for Developing State and , LocalAadiOlozicaL:Emerzency 
Responte:Plans:anCPreparedness4or Transportation Accidents (FEMA41983). 
Thislfguidancei --which is currently being revised,+ provides basis:' 	State 
and local governMenti'tO develop: emergency' plans. and improve-:emergency;. ;  

preparednessforstrandportation!accidents involvingLradioactive materials.' 



A.13.3 HIGHWAY ROUTING.: 

A.13.3.1 Highway routing regulations  • 	 _ 

The routing of radiOactive-waste shipMents - is a primary;coneernof State, 
local, and tribal officials. On January 19, 1981, the DOT by its authority 
under•theiHazardous Materials Transportation Act, published-a final 
governing.the highway:roUiing of radioattiVe materials.- Designited'HM-464, 
this rule has::been codified as 49-CFR Parts'171,472, 1734.and 177. The DOE,; 
will, of,courte,-comply-with all•DOTregulations. 

According to HM-164, highway carriers of "highway route controlled 
quantity radioactive materiale(e.g.,-spent.nuclearluel) arelrequired to use 
"preferredroutes.loreferred,route consists :of :an interstate highway, 
including theuse of:interstate beltways or bypasses.wten availableto•avoid 
city.centers,,or 'Alternative ,routes:that .are designated :by.-a State routing 
agency : (whichincludesthe,approptiateauthorities of .Indian 
State-designated, alternative routes must. be selectedin accordance with .DOT JJJ 
guidelines for:selecting preferred highway routes -(DOT;--1984) an equivalent 
routing analysis thatadequately considers the overall risk to the,  ublic.;: 

The ,DOTIstatedthat.it followed three,-basic concepts :  in ,devising. e 
highwayroutinvframework ,for radioactive.materials: 

-4.: JRouteselection.should be based on•:some valid measurecUreduced risk 
U..the 

- 	"'- 
2. Uniform and consistent rules for route selection are needed from both 

a practical and a safety standpoint. 

3. Local views should be carefully considered inrouting decisions 
because routing is a site-specific activity unlike other 

i:transportation•controls, such as .marking and packing-IFederal • 
.Register,  Vol. 46,4)c:5299)4 , 

•.,. 	•  

TheDOrs-:approachtc,routing.acknowledges that-public. policy for - the : :. 
routing of- radioactive, materials Should belmsed...on,aconsideration-oUthe 
overallt:risk involved intransporting such materials. -  The:risk depends,on:::!L 
such factomes accident , rates; total.-traveLtime‘ traffierpatterns:i. 
population,density,iroad conditions, - timeof-travel,'2,anddriver 
Further, the DOZ;recrignieed-the need to, balance local and'national.interests 
in routing , decisiOns:w4i1c,providing for:uniformity and consistency of.; 
transportation regulations..: With regard to-the'acknowledgedneed to provide 
for loca1,-input iw.routing decisions, the DOT provided-for the4esignation of 
alternative routes to , interstatejiighways byState routing agencies,in• 
consultation with affected localities, neighboring States, and Indian Tribes 
and in'accordance with,DOT:guidelines, ,  toiensurethe,consideration of all 
impacts and-continnityffof-designnted.routes. 

E 	 :1 1 

CarriervoU,spent fuel may deviate frAm_a4referred route:underAhe 
following three circumstances: 	 .. _•. 

1. Emergency conditions that would make continued use of the preferred 
route unsafe. 
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2. To make necessary rest, fuel, and vehiclerrepair'stops.i 

3. To the extent necessary to pickup,.deliver,'or:transfer 
large-quantity package of radioactive materials (49 CFR 
177:825(b)(2)). 

HM-164'hisnumereusOther. provisionW designed to:ensure,  the- safe'highway 
shipment:of ridloaciivelmaterfald.,These-include-therequirement , for the 
provision of written' route plani,fO Ihe'shipOir and specific driver-training 
requirements, which include knowlAdge.of procedUres to be'followedAnan 
accident or other emergency. 

- There are several methods by which the DOE can support the 
highway-routingi efforts of the Statei and , the DOT. On request, the DOE will 
assist the States as practicable•in the evaluation and determination of 
State-designated alternative routes. The DOE, as the shipper of record, will) 
continue to notify its' Carriers of the :State-designated alternative routes and 
will instruct that'these routes' be used during all shipments: Moreover,' the 
carrier will be- 	thit all safettand.routing'requirements must be 
met and that lack' of compliance will result in appropriate sanctions, 
including the potential suspension of carriers (41 CFR 109-40.103-1). Federal 
and State report's of cirrier performance, postnotification of routes, and DOE 
tracking of actual shipments will provide - mechanisms by which operations can 
be monitored. In addition to diligent and consistent observance of these 
currently available, procedures, the DOE-will continue to coOrdinate with the 
States concerning the routing of any highway route controlled quantities (49 
CFR 173.403) of radioactive materials shipped by the DOE. 

A.13.3.2 State-an•1OCarordinances. 

As disCusied'in , the-preCeding section, the DOT derives its'authority to 
regulate hazardous-materials transportation principally from the Hazardous, 
Materials Transportation Act (HMTA).• The HMTA (Section 112(a)) preempts .  

"...any requirement%, ofitate Or political:subdivisionthereof, whiCh ifi-- 
inconsistent- , with'any'requirementset:forth'inIthe HMTAYor regulations) 
issued under [the HMTAL": Thui4:-State or:local;aCtionslare not- necessarily- 
precluded; only those - thetare "inconsistent" are preempted.'! , - The DOT canii 
however,,grantf.an exeMption,frOM: thisl:olanket.preemPtion provision' to allow an', 
inconsisteut:StiteJOrlloCal requirement.tolremain in effect . Such an 
exemption can beigranted4fmainly'becauseoUlOCal,considerationS4 the 
requireient!,(1) effords;anequilor:greater level'Of - proteCtion-Ao.-the 
thanA.s;afforded , bythe'requirements Of the HMTA` or of regulations' issued':; . • ' 
under the HMTA'and:(2) doesinotunreasenably.burden commerce.'  

In its generaldiSeussion:oUthe:highway-rOUtingrultri . the DOT:notesiti 
conclusion that "the public risks in transporting [iadioattive] materials by 
highway are too low to justify the unilateral imposition by local governments 
of bans andlothbrsevere iestrictionson:thd - highway.mod4CoUtraniportation ,  
(Federal Register, Vol. 46, - p. 5299). --Ji 

••• 	••••• • 
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Requiie accident or - incident-reporting other than as immediately . 
necessary for:eniergency-assistance. 

A.13.*'-RAILROADS - Y 

A.13.4.1 Railroad routing  

Appendix kt0.49'CFR -Part 177 - delineates DOT-policy regarding the 
consistency of State and local rules with ,DOVhighway,,routing requirements for 
the purpote of advising'State or'lOcalgOvernMents hOW,Ahey can exercise their 
responsibilities with T tespect:to the:regidation . of motor carriers. ThelDOT 
generally regards: 7State'and local requirements. to be-incOnsistent,if.they- 

, 
Prohibit'the transportation of large-quantity radioactive-materials:by. 
highway between any two points without providing an alternative route 
4orAhe duration  of the prohibition. 

• Conflict with NRC-or -DOT 

•1  ReqUireedditional or special personnel 

• Require:edditional,or'differentshipping 
. , Other . hizard-warning'devices. 

equipment, or escort. -  

paper_entries placirds,or 

Require'liliUg , route:plans or other documents containing inforMation -
thatiii!specific-to individual shipments.- -  

• 

Require prenotification. .  

There-are no.regulatory -requirementslOr the .,:routing of rail shipments. 
Rail-shipment 'routei depend IargelY:on - therailroad'to'whichtheehiPoment is -
originally consigned and how'that (and each successive) railroad-handles 
interconnections.with other railroads. , 

Rail regulations  

tranAportationofhatatdoUs 'materials by 

The sifety'andsafegUardsregulations locehipmentsof radioactive 
material by rail, in many cases, are the same as.those for highway shipments::-. 
The NRC has issued general routing guidelines for rail shipments of spent 
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Several government agencies perform inspectiorp-and-enforcement activities 
to prOmote-the4afertransportation of , radioaCtiVe materials:on thenatioU 1 S: 
railroads. SinCe - railEis altredominantly interstate'Mode!oUtransportation; 
the Federal'Governthent 7has long beenconsideredtheentiWbest equipped to' 
develoO,'Promulgateind:enforceutiform4et'OVsafety regulations forthe- 

o  

physical-security requirements.' 



fuel, which are included in its physical-protection requirements that were 
promulgated to guard againgit_acts.Of sabotage for both rail and truck 
spent-fuel shipments. The DOT has-issued specific rules limiting both the•
number and the duration of rail stops and designating the placement.of cars 
carrying spent fuel in the makeup of the train. In addition, there are 
standards for track quality and other operating features of importance to 
safety of rail transport..  

Shippers who prepare material for rail-transportation are required to 
comply with DOT regulations found in 49 CFR Part 173 before offering any 
hazardous material shipment , to a carrier:: The responsibilities of relic;. 
carriers of radioactive waste are outlined in DOT regulations 49 CFR Part 
174. In accepting a shipment, the carrier inspects it visually to ascertain 
that the hazardoes material is not leaking, that specific rail equipment (air 
and handbreaks, journal boxes, and, trucks) is working, properly, and that 
appropriate placards are provided. The carrier cannot accept packages that 
are leaking or damaged. In addition to the DOT requirements, rail companies 
inspect railcars periodically to ensure that they are mechanically safe for 
operation. In particular, certain equipment is routinely inspected'at 
interchange points by the carrier. 

Carrier operations are also subject to DOT regulations covering safety 
enforcement procedures, track safety standards, and accidentreporting-
procedures. Under the conditions of 49 , CFR:171.15,and 171.16, the carrier 
must notify the DOT immediately of any unintentional release of a hazardous 
material during the course of transportation and must submit a written 
hazardous materials incident report to DOT within 15 days of such an event. 

Although jurisdiction over the transport of radioactive waste by rail is 
vested primarily in the Federal Government, States and local governments 
wish to assume specific responsibilities in this area also have a role. The 
Federal Rail Safety Act (45 U.S.C. 434) directs that a State may enforce its 
own railroad safety regulation provided that the State regulation is (1) 
consistent with Federal regulations,-(2) necessary to , eliminate or reduce an 
essentially, local safetThazard,_and (3)-not almrden on,the free flow of 
interstate commerce., 

The DOE's Office of Civilian Radioactive Waste Management (OCRWM) is 
investigating means for facilitating a cooperative effort among affected 
Federal and State agencies and the railroad industry in forging shipping 
arrangements that are safe, efficient, and equitable. There appearvto be.a. 
strong willingness by all affected parties to work toward thii goal.' 

•-) 
The DOE will reinforce the DOT's. and the NRC'a inspection-and-enforcement 

activities-through-theestablishmentof: a comprehensive quality,-assurance and: 
quality-control program to address,each.aapect of thetransportation - process,- 
including the integrity of the shipping. casks and,the,proceduree-for handting 
the casks. The quality-essurance program:will implement , systematic ; procedUres 
designed to ensure and provide demonstrable evidence that program goals, such 
as safety, reliability,. and maintainabilit• areachieved4m a cost-effective 
manner::: : • 
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A.13.4.3 Dedicated trains  

The useiof "dedicated.trains" involves the designation of specific 
equipment (locomotives, cask cars, buffer cars,.and cabooses) for the use of a 
particular commodity between fixed origin and destination points. In - many 
respects, it is similar to the "sole-use" vehicle that is commonly employed by 
motor carriers forispecifIc commodities (one example is.the ; transportation of 
bulk, low-specific-activity radioactive material). 

• 
Special arrangements:to expedite the movement of dedicated trains-canAn 

made among railroads. For example, the equipment "dedicated" for sole use :mar-.. 
be owned by the originating:carrier This equipment could be-used for the: -  
full length of the move.: .There may be no switching:or-interchange with other 
carriers at terminals:along the route. After delivery, the empty cars are : _ 
returned to.the origin - fot:the next movement, possibly under the same 
expeditedprocess as theJoaded•train. The originating carrier, and : the 
carriers that-own.and operate the rail lines to-be used by the dedicated : train :  
would agree on the': apportionment of revenues among themselves-for theentire-
move. 

A.13.5 INSURANCE COVERAGE FOR TRANSPORTATION ACCIDENTS, 

The Price7Anderson,Act. of 1957 (42 U.S.C. Sections, - 2014 - and.2210, 
amended) provides extensive liability coverage for damages:suffered by. - the 
public in the event of nuclear accidents - at certain facilities-(whickinclude 
commercial nuclear power,reactors and DOE contractor-operated facilities) or.. 
accidents that : occurJn the,course_of.transportation to,or:from-such T . 
facilities. Liability coverageextends to all potentially responsible parties 
(except,,in..somn instances, the :  ederal Government, whose liabilitTwould:be 
covered under the Federal -Tort : Claims:Act) and is not limited-to parties who, 
actually purchase insurance or enter into indemnity agreements with_the 
Federal Government. 

. 	, 	. 
State law is generally,used to determine liability and the extent of 

damageivinthe event of a nuclear-incident; the Price-Anderson Act in turn 
establishes a systemlor_paying . for those damages.: The Act places , 
restrictions on the use of State law in the event of an "extraordinary:nuclear 
occurrence" (ENO) at,certain-facilities--an occurrence , that,inVolves 
substantial offsite releases of radiation and is likely.to result4n 
substantial offsite damages to persons or property. When the Federal 
Government :determinesthat an extraordinary nuclear ,, occurrence has occurred, 
certain defenses 	law must-be-waived. One waiver 
requires-the imposition of -strict liability, without:proof: of negligenceon .  
the part of any responsible_party. :  Defenses. related4o governmental,immunity 
are-also waived. Ihelrice-Anderson Act further declares : that in,the event of ::  
an extraordinary nuclear occurrence, defenses based on statutes of limitations :  
will be waived if a suit is brought within "three years from the date that the 
claimant first knew, or, reasonably could have ,known, of-his injury nr, damage 
and the cause thereof, butjin no event more than tWenty,yeats efterthe date 
of a nuclear incident.,4 State-statute of /imitations that•.allows -a greater 
period of time for filing suit would remain in:effect. 
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Another important feature of the Price-Anderson Act,is the,monetary-7.- 
limitation on liability. To the extent that damages exceed the amount of 
coverage required bk.thAAct, all reSponsible'partieAarerelievedsof further 
liabilityrCongreti is-then:required to investigate the - incident and- take 
appropriate action: , . H 	,• 

-The PriteAnderson'AttTprovides for'liabilit3rcoverige:through anystem , - 
of private insurance and government indemnity.UndertheAct!sprivate 
insurance system, utility'owners of large NRC-licensed commercial nuclear 
power reactors are requiZed'to maintain the maximum amount' of. insuranc&I ,  
available'frOnt-private souices'(currently, - 4160.million). Should - claims': 
arisinirfrom . a nucleai incidenr(related'tO the activitieAof:AuchNRC 
licenseed) :eXceed*theaniountyoU , Orimary insurance, -  all licensees - oUlarge 
nuclear power - reaCtorawOuld:beiassesseeup t6:$5 million per: reactor. With 
98 large reactors now' libenteeto operate (as of- anUary4986),'a second layer-:-' 
of coverageispkovided - 10 ,. theainount of$490-millionoth forms oftoverage7Y 
provide-a total' of $640 inillion:in'the:eVentja a'serious nuclear incident - at!. 
a nuclear power plant 04anlncident occurring in the course of transportation* - 
to or from such a facility. 1 

The Price-Anderson ActAlso authorizes thOME to enter into indemnity 
agreements with its contractors for activitiesunder contract and conducted 
for the benefit of the UnitedStates," that invOtve "the risk of public- H: 
liability for a substantial nuclear incident.". The indemnity coverage under 
such contracts'Providesthatin-the event of i‘hicleat incident -Arising out 
of, or in cOnnectiod , With,:e'dontractual activity, - the contractor and any 
other T personwhO inay-be 	would be indemnifiedby'the DOE, up to the '  

statutory liiii'of . $500-milliOn) Indemnity coverage under"-DOE agreements' 
further extends-to hutlear'intidenttarising:inthecourie oftransportation 
to or from contractor lOdations.sTheDOE does'ficit require Contractors to 
carry additional liability - insuiance because the cost of any'such.insurince 
would be pasSed'on , to the DOE. Since the'enactinent of the Nuclear Waste" ,  - 
Policy Act, 'the - DOE , has indicatedthat , indeMnity'agreements baied on the 
Price-Anderson Act wilkbe!included in its contracts for the operation of any 
DOE facility associated with the waste-management program (e.g., a geologic 
repository and MRS factliitY' l;* Approved by ConiresS). Under thelndemniW 
agreement, the DOE isCeojndeinnify.the4acilitiegrOperating contractor and 
any other person who mayibe'liable , fOk:a nucleaZi:indident arising. out of, 
in connection withiradiOactive waste nianagement.-  Coverage for 
waste-management activities Would'eXtend to transportation to or from a.- 
waste-management facility. 

11- 
CongieseibnaF review Of the Piice-Anderson' , Act is now under Way , and'ia: -  

expected to be'tompleted by 1987, when the Act-Will' , expiiednleas " 	r 	. • 

reauthorited. ;-The- DOE has offered recOmMindaiionS , to COngresisiPertainirigto ,  
the At04- Contractai .  in4einnity'SYstem And:the applicatiOn of that SysteM 
activities tonilucied'Underthe:Nucleae WaSte Policy Act.' Such recommendatiOns- 
include Itie 2 follOWingr' 

;:. 	•.- 
• Extended liability coverage. 	liinitatiori on liability 'id 

supported,, the DOE` has 'reconniended' that the extent of coverage` under' 1.1  
: DOE indemnity agreemerits'he''coniparable to that iffdrded by large • 

commercial utilities. - 	 ; 
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• Explicit coverage of activities conducted under the Nuclear Waste  
Policy Act. While the DOE believes that the present language of the 
Price-Anderson Act is sufficient to permit indemnification coverage 
for nuclear waste operationa, explicit coverage under the'Actzis ,  
supported. 

• Application of ENO provisions to waste-management activities. The DOE 
supportstheextenaionipfithe - Acts;ENO . proVisions, with the related - 
waivek.of defensesi'to Incidents connected :with the transportation, 
storage, and disposal of civilian and defense high-level waste.- 1  

• Source of funding. . -The DOE supports the provision -of liability 
coverage formaste-management activities conducted under the_Nuclear 
Waste Policy Act through expenditures of the Nuclear Waste Fund (which 
in turn is financed through fees paid by the generators and owners of 
radioactive waste). 

v. 
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Appendix B 

AVAILABILITY OF REFERENCES 

B.1 REFERENCES CITED IN ALL EAs 

U.S. Department otEnergy .  
Public Reading Room 
FOI, Room: 1E-190:, 
1000 Independence-Avenue,S. 
Washington, DC 20585 

, 	. 
Albuquerque Operations Office 
National AtomicAlseum 
Kirkland Air Force Base East 
Albuquerque, NM - 87116* 

Chicago Operations 4fice 
9800 South Cass Avenue., 
Argonne, IL 60439 

Idaho Operations ;  Office 
550 Second Street 
Idaho Falls, ID,.83401, 

The references cited in all of. the draft and 
assessments (EAs) are available for PUbliC review 
followinvlocations. - 

the final environmental 
in DOE reading rooms at the 

Nevada Operations Office 
2753 South Highland Drive. 
Las Vegas, NV: 89109 

Oak Ridge Operations Office_ 
Federal Building 
Oak Ridge, TN _37830 

Richland Operations'Office 
Federal Building  
Richland, WA 99352 

San Francisco Operations Office 
Wells Fargo Building .  
1333 Broadway 
Oakland, CA '95612. _ 

Savannah River Operations Office 
Savannah River Plant 
Aiken, SC 29801 

B.2 REFERENCES CITED IN THE EA FOR THE BASALT (HANFORD),SITE 

The references cited in the EA for the Hanford site are available for 
public review at the following locations: 

Coeur D'Alene Public Library 
703 Lakeside Avenue - 
Coeur D'Alene, ID 8304 

Boise Public Library and 
Information Center 

715 Capitol Boulevird_ 
Boise, ID 83702 ;I :  

University of Idaho Library 
(Federal Depository) 
Moscow, ID 83843 

Lewiston City Library 
428 Thain Road 
Lewiston, ID 83501 
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Library- 
' 

Oregon 

Umatilla County Library 
214 North Main Street 
Pendleton, OR 97801 

Portland State University 
(Federal Depository) 
Bradford Price Millar Library 
934 Southwest Harrison 
Portland, OR 97207 

Washington 

University of Washington Libraries 
M-171 Library, FM-25 
Seattle, WA • 98195 

Central Washington University 
D and 11 Street 
Ellensburg,'WA 98926 

Washington State - Library 
(Federal Depository) 
Temple of'Justice -  
Olympia, WA 98504. 

Pasco Public Library 
1320 West Hopkins 
Pasco, WA 99301 

Seattle Public Library 
1000 Fourth Avenue 
Seattle, WA 98104 

Fort Vancouver Regional Library 
1007 East Mill Plain Boulevard 
Vancouver, WA 90663 

Prosser Public Library 
902 Seventh Street 
Prosser, WA 99350 

State of Washington Dept. of Ecology 
Office of High-Level Nuclear Waste 
Management 

Reference Center' 
5826 Pacific AvenUe 
Lacey, WA 98504 

Eastern Washington' University 
John F. Kennedy Memorial 
Cheney, WA 99004 

Washington State University Library 
Holland Library, Room 221 . - 
Library Road 
Pullman, WA 99164-5610 

Mid-Columbia Library 
405 South Dayton 
Kennewick, WA 99336 

Richland Public Library 
Swift and Northgate 
Richland, WA 99352 

Spokane Public'Library 
Comstock Building Library:: 
West 906 Main Avenue 
Spokane, WA 99201 

Walla Walla Public Library 
238 East Adler 
Walla Walla, WA 99362 

U.S. Department of Energy 
Reading RooM, Hanford ScienCe 
Center 

825 Jadwin Avenue 
Richland, WA 99352 

Yakima Valley Regional 
102 North Third - Street-
Yakima, WA 98901 
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B.3 REFERENCES: CITED- 	EA FOR THE SALT SITES 

.1The:references,citedAntheEAs for the Davis Canyon,lUtaWDeaf Smith, 
Texas, and Richton,.Mississippi,'are available for public review.at the 
following locations: ',T 7 	" 

Louisiana 

Minden Nuclear Waste Information Office 	. -Bienville:Parish,Library 
221 Main Street , 	 604 South Maple 
Minden, LA 71005 	 Arcadia, LA 71001. 

Webster Parish Library 
521 East and West Streets 
Minden, LA 71005 

 

Mississippi 

  

Richton Nuclear Waste Information Office 
103 Dogwood 
Richton, MS 39476 

Pine Forest Regional Ilbrary .2_ 
Main Street 
Richton, MS - 39476 

Jackson Metropolitan Library_ 
301 North State Street 
Jackson, MS.1.39201 

Harrison County Library 
14th•Street•and 21st Avenue 
Gulfport, ES 119510  

Jackson-George Regional Library 
3214 Pascagoula -  Street. 
Pascagoula, MS 39567 

Harriette Person -Memorial :Library 
College Street 
Port Gibson, MS 39150 

Laurel-Jones County Public Library 
530 Commerce Street 
Laurel, MS 39440 

Texas 

Hattiesburg.Public , Libtary 
723 Main Street 
Hattiesburg, MS 39401 . - 

Jones County .  junior Oollege'Sibrary 
Front Street 
Ellisville, MS 39437 

Deaf Smith County Library 
211 East Fourth Street 
Hereford, TX 79045 

5 
Swisher County Library 
127 , Southwest ..Second Street 
Swisher County Memorial Building 
Tulia, TX 79088 

Canyon Public Library 
301 16th Street 
Canyon, TX 79015 ' 

Rhoads Memorial Library 
.103 Southwest Second Street 
Dimmitt, TX 79027 

Gable Betts Burton Memorial Library 
.217S..Katney St.. 
Clarendon, TX 19226 

Austin Public Library 
800 Guadalupe Street 
Austin, TX 18768'. 
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TeXas (continued) 

Amarillo Public Library. 	University of Texas General Library 
413 East Fourth Street 	Post: Office BoX P  . 
Post Office Box 2172 	Austin, TX 78712 ,  
Amarillo, TX 79189 

Texas Nuclear Waste Programs Office 
Sam Houston Office Building, Room 204 , 
200 East 14th Street' 
Austin, TX 78711 

Hereford Nuclear Waste Information 
A:Iffice 
115 East First Street. 
Hereford, TX 79045-Th 

Tulia Nuclear Waste Information Office 
Griffith Estate Building 
100 S.E. Second 
Tulia, TX 79088 

Utah 

Moab Nuclear Waste. Information Office 
471 South Main Street No. 
Moab, UT 84532 

Monticello Nuclear Wiste Information 
Office 

San Juan County Courthouse 
117 South Main Street,' Room 12 
Monticello, UT 84535 

Grand County Public Library 
25 South First Street East'. 
Moab, UT 84532: 

Grand County High School Library 
300 South 100 East 
Moab, UT 84532 

San Juan County Library 
266 North Main Street 
Monticello, UT 84535 

Monticello High Sehool Library. 
Media Center 	' 
55 North Second Street West' 
Monticello UT 84535 , - 

San Juan County Library 
50 West First Street South 
Blandingi- UT :84535 

Mesa County Public Library 
530 Grand Avenue 
Grand Junction, ,  CO '81501:: 

Salt Lake City Public Library 
2197 East 7000 South 
Salt' Lake city, UT 84121 

University of Utah 
Marriott Library 
Salt Lake City, UT 84112 

B.4 REFERENCES CITED IN THE EA FOR THE TUFF SITE 

The references' cited it the EA for the Yucca Mountain site are. available 
for public review: at the following locations: 

Amargosa Valley Community Library 
Star Route 15 
Box 40-T 
Amargosa Valley, NV-. 9020: 

Beatty Community Library 
4th and Ward 
P.O. Box 128 
Beatty, NV 89003 
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Clark County Library 
1401 E. Flamingo 
Las Vegas, NV 89109 

Lincoln County Library 
P.O. Box 330 
Pioche, NV 89043 

Nevada State Library 
401 N. Carson 
Capitol Complex 
Carson City, NV 89710 

University of Nevada at Las Vegas 
James R. Dickinson Library 
4505 Maryland Parkway 
Las Vegas, NV 89154 

United States Department of Energy 
Nevada Operations Office 
Public Reading Room 
2753 South Highland 
Las Vegas, NV 89109 

Law Library 
Nye County Courthouse 
P.O. Box 393 
Tonopah, NV 89049 

Nevada Legislative Council Bureau 
Research Library 
Legislative Building 
Capitol Complex 
Carson City, NV 89710 ,  

Northern Nevada Community College 
Learning Resource Center 
901 Elm Street 
Elko, NV 89801 

University of Nevada at Reno 
Getchell Library 
Reno, NV 89557 

Washoe County Library 
301 Center Street 
Reno, NV 89502 
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