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1 INTRODUCTION

Dealing with the problems posed by nuclear waste management is &
major issue confronting continued use of the nuclear fuel cycle. Large
amounts of radioactive wastes have already been generated as a result of past
nuclear reactor operations, but these wastes are being temporarily kept in
aboveground storagze facilities awaiting a government policy decision on final
disposition. Although research on various technologies to dispose of radio-
active wastes is given high priority, a commercial waste disposal facility is
not expected to be in operation before 1985. The magnitude of the waste
disposal problem and the waste management techniques themselves are directly
affected by the nuclear fuel cycle used. Whether the once-through, light-
water reactor (LWR) cycle or the fast-breeder reactor (FBR) will be used in
the future will determine the types of wastes to be disposed of and thus
dictate the technology(ies) to be used to dispese of them. Even 1f no new
reactors are built, nuclear wastes would continue to be generated for another
30 years by the reactors in operation today. Hence, there is no easy solution
to the nuclear waste management problem.

The type of risk we are willing to live with is the main issue that
must be addressed in nuclear waste management. Theoretically, all waste
disposal technologies under consideration will provide long-term isolation of
such wastecs from the biosphere; however, some require spent fuel to be
reprocessed, which increases the proliferation risk, while others rely upon
theories that have not yet been rigorously tested. Although continued re-
search will answer some questions, other questions may never be adequately
resolved.

This paper surveys the current situation regarding radioactive waste
management and disposal methods and assesses, as well the risks assoclated
with the waste disposal technologies. The origin of radioactive wastes is
discussed first to approximate the kinds and quantities of wastes that are
generated. Then various waste disposal technologies are examined along with
their possible advantages, disadvantages, and projected costs. Finally,
several areas of potential risk are identified and each of the technologies
are compared in terms of their ability tec deal with a particular risk.



2  NATURE OF RADIOACTIVE WASTES

2.1 TINTRODUCTION

Radioactive wastes, the inevitable by-products of the generation
of electricity by nuclear reactors, are encountered at all stages of the

nuclear fuel cvcle -- in mining and milling, in fuel fabrication, in reactor
operation, in spent fuel assemblies, and in the reprocessing of spent fuel,
should 1t become a reality for future generations. Figure 1 shows a block

diagram of the types of radioactive wastes generated iu each phase of the
aranium-based fuel cvcle, with and without fuel recycling or reprocessing.
Fucl cycles utilizing other nuclear fuels (e.g., thorium or mixtures of
thorium and uraniuom) have similar flow charts. As shown in Figure 1, each
phase of the fuel cycle produces one or more types of radiocactive waste. By
far, however, the largest quantities of radiocactivity are produced by the
nuclear processes that generate power in the reactor, i.e., spent fuel, which
is removed annually from the reactor and not reprocessed, or high-level wastes
resulting from spent fuel reprocessing. The final disposition of both of
these radioactive wastes has been & major obstacle to the worldwide expansion

of nuclear power. :

2.2 CLASSES OF NUCLEAR WASTES

There are five classes of n'rlear wastes!l: high~level waste (HLW),
made up of spent fuel and reprocessing wastes; transuranic (TRU) waste;
low-level waste (LLW); uranium tailings; and decommissioning/decontamination
(D/D) waste. Because each type of waste varies in radioactivity, toxicity,
and heat generat on, different waste maanagement techniques and specifications
are needed in order to assure isolation of each waste type from the biosphere.

2.2.1 High-Level Wastes (HLWs)

High—-level wastes can be either intact spent fuel assemblies removed
from a reactor after serving their useful life or the wastes generated as a
result of spent fuel reprocessing. A 1000-MWe light-water reactor discharges
annually about 30 metric tons (t) of spent fuel using the present once-through
fuel cyclez. Because of the density of the spent fuel, this quantity only
occuples about 2 m3 of space.3 Commercial spent fuel contains about 96
weight % of the uranium originally charged to the reactor as fresh fuel in
addition to 3 weight % fission products and | weight % TRU elements and
daughters.4 Most fission products decay to stable elements after several
hundred years, whereas TRU elements remain radioactive for thousands of
vears. Consequently, spent fuel initially generates a great deal of heat and
is verv radioactive. After a decade, the heat generated decays by a factor in
excess of 300, while the radioactivitv decays by a factor of 1000.2  Cur-
rently, commercial spent fuel assemblies are stored at the reactor site
awaiting a decision on the question of spent fuel reprocessing. If re-—
processing is not used in the nuclear fuel cycle, spent fuel will remain the
bulk of the waste generated. Twenty-three hundred metric tons of heavy metal
already exist from past reactor operations.
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if the neclear fuel cycle is closed and spent reactor fuel is re-
processed ro recover uranium and/or plutonium, a different type of HLW will
become the bulk of the wastes generated. Reprocessing wastes contain 84
welzht 7% fission products and 16 weight Z actinide wastes,? i.e., elements
with atomic numbers greater than the element actinium. In addition to lessen-
ing the volume of wastes that must be disposed of, spent fuel reprocessing
reduces the amounts of transuranic elements in the waste. However, the
consequent reduction in waste disposal risk achieved by reprocessing and
recvcling must be balanced against the new risks entailed in using plutonium
in the active fuel cycle and in processing large quantities of radioactive
materials. Reprocessing wastes to be disposed of now constitute 2,200
of commercial and 260,000 m> defense material.! The total volume of this
waste would be enough to fill a two-story building covering an area of one

square city block.

2.2.2 Transuranic {(TRU) Wastes

Transuranic wastes, iL.e., wastes containing elements with atomic
numbers greater than uranium, result primarily from spent fuel reprocfssing
and fuel assembly refabrication; very little is generated by the once-through
fuel cycle. Transuranic wastes are currently defined as material containing
more than 10 nanocuries of TRU activity per gram of material.® Because of
their long hali-lives, TRU wastes must be isolated from the biosphere for time
periods similar to those for HLWs, i.e., 103 to 106 years.7 However, problems
associated with heat generation and temperature increases are absent, and
since TRU wastes are easier to handle than HLWs, the operational demands on a
disposal system designed for TRU waste alone would be more modest than those
associated with an HLW repository. This means a special TRU repository could
precede the development of an HLW repository due to the elimination of con-
cerns about heating effects. From past reprocessing operatioans, 123 kg of
commercial and 1100 kg of defense TRU wastes need to be disposed of.!

2.2.3 Low-Level Wastes (LLWs) ;

In contrast to TRU wastes, LLWs are defined as containing less than
17 nanocuries of TRU per gram of material or may be altogeter free of TRU
activity, but LLWs might have potentially hazardous amounts of fission pro-
ducts. LLWs are generated in all phases of the nuclear fuel cycle and other
operations that utilize radioisotopes. Disposal of LLWs consists of burial in
shallow pits; 14 x 10% of commercial and 46 x 10° t of defense LLWs have
already been buried.l

2.2.4 Uranium Tailings

The residues from the mining and milling of uranium also contain
low concentrations of naturally occurring radioactive elements. Uranium mill
tailings are generated in large volumes and 130 x 109 t now are stored
uncovered at various sites of mining and milling operations.1 Because tail-
ings emit the carcinogenic gas radon-222, the stabilization of these piles
from water and erosion 1is of great concern. According to Victor Gilinsky,
nuc lear physicist and NRC member, uranium tailings could become the dominant



source of radiation exposure to the public from the auclear fuel cvcle,
unless the tailings are isolated from the atmosphere.

2.2.5 Decommissioning/Decontamination (D/D) Wastes

The final category of nuclear wastes 1nvolves those generated upon
the retirement of a nuclear facility due to obsolescence or adverse economics
of continued operation. D/D is potentially a source of large quantities of
radiocactive wastes. The volume of LLW (no TRU) that might result after the
shutdown of an 1160 MWe reactor could vary from 60 m” under a mothballing
procedure, to 23,000 m?  for complete removal/dismantling.®  Until retired
nuclear facilities and land are decontaminated, such facilities and land must
be considered and treated as waste storage sites.



3 WASTE DISPNSAL TECHNOLOGIES

3.1 INTRODUCTION

Many techniques for the disposal of radioactive wastes are under
investigation. They include deep geological burial; seabed, ice sheet, and
extraterrestrial disposal; transmutation; and disposal by rock melting in deep
mined cavities, and in deep drilled holes. Some of these technologies are
suitable for one or several types of radioactive waste. However, because some
important decisions concerning nuclear energy, namely, spent fuel reprocessing
and use of the breeder reactor, have been deferred indefinitely, work 1is

continuing on methods to dispose of all kinds of wastes. Furthermore, many
methods need to be reseached and developed as a hedge against any of them
proving to be technically impossible or environmentally undesirable. Conse-

quently, the remainder of this chapter briefly explains each of the above-
mentioned disposal techniques and relates its advantages, disadvantages, and
associated costs.

3.2 BURIAL IN DEEP GEOLOGICAL FORMATIONS

Burial of radioactive wastes in deep geological formations or reposi-
tories is the most advocated technique. Of all the candidate rock formations
under consideration, i.e., anhydrite (calcium sulfate), granite, shale, flocd
basalt, tuffs, and unsaturated rocks, rock salt is the most studied aud

foremost candidate. Rock salt has the favorable characteristics of high
thermal conductivity, high structural strength, and plastic flow under pres-
sure. In addition, salt is abundant throughout the United States and salt
mining 1s highly developed. Extensive testing of rock salt as a repository

medium was made in an abandoned salt mine near Lyons, Kansas, from 1965-1967.
Then in 1970 when the AEC announced plans to construct a full-scale pilot
disposal plant on this site, public pressure as well as some unforzseen
technical difficulties forced abandonment of the project. Hence, the DOE is
planning to construct a new salt repository near Carlsbad, N.M., for disposal
of TRU military waste and for experimentation with other .types of waste.
The project, called the Waste Isolation Pilot Plant (WIPP) is scheduled to
begin operation in 1985. The costs associated with waste burial in geologic
repositories, the least expensive of any waste disposal technology, are
approximately $50/kg of spent fuel.®

Waste form is an important consideration in the success of geologic
burial. Because of the corrosive nature of groundwater, anv container the
wastes are placed in will lose its integrity after about 1,0 years, leaving
the wastes themselves subject to the leaching action of groundwater. Conse-
‘quently, the wastes must be cast into forms of extremely low solubility and
resistent to the effects of radiation. Liquid wastes must first be solidified
and then fixed into a borosilicate glass, ceramic, oxide, or silicate mineral

form. Wastes such as contaminated trash (e.g., paper and gzloves) will prob-
ably be incinerated and the ashes fixed into an inert form such zs glass,
concrete, metal, or synthetic mineral. Spent fuel rods are in a ceramic form

already and will merely be placed in stainless-steel cannisters for burial.



Before proceeding with large-scale disposal of radioactive wastes
in geologic repositories, several issues still need to be resolved. First,
the scientific cocmmunity is not totally convinced that geologic burial 1is
completely safe because accurately predicting the fate of buried radionuclides
over several hundred to millions of years is unprecedented and challenging.
Because the earth science disciplines are relatively new, there is little
experience with the long-term effects of heat on rock mechanics, groundwater
on the leaching and transport of wastes, and tectonic history on the host
medium. Second, test facilities are needed in order to fill the aforemen-
tioned knowledge gaps. Third, criteria for repository site locations must be
established so that major population centers and minable resources can be
sufficiently isolated from waste repositories. It 1is hoped that the DOE's
WIPP will be a step in this direction.

3.3 SEABED DISPOSAL

Disposal of radioactive wastes at sea involves either implanting
waste cannisters on the ocean floor by means of a free-fall penetrometer (an
aerodynamically stable body with a pointed nose and stabilizing fins) or using
remotely operated machinery on the ocean floor to drill the holes, emplace the
waste caanisters, and later backfill.® The advantages to this waste disposal
technology are its remoteness from society, high isolation from the biosphere,
high heat sink capability, and a large available area. Furthermore, the
problem of gaining access and control of terrestrial sites is avoided by using
the ocean as a burial site.

The disadvantages involved with seabed disposal include the difficul-
ties in guaranteeing the integrity of the waste container given the corrosive-
ness of sea water, in monitoring and retrieving tne waste cannisters, and in

the extra ocean transportation and port facilities required. Finally, the
issue of the political ramifications of the so-called London Convention must
be addressed. This treaty addresses the issue of defining high~level radio-

active matter unsuitable for dumping at sea and indicates that wastes should
be emplaced only if they have a relatively low radioactive level.l0 Further
research is needed to resolve the aforementioned uncertainties in seabed
disposal as well as to place a cost estimate on the various candidate wastes.

3.4 ICE SHEET DISPOSAL

Burial of radioactive wastes in the Antarctic ice is also being con-
sidered. The waste canisters could be placad on the ice and allowed to sink
vertically into the polar ice cap due to the heat generated by radioactive
decay of the waste. As the container sinks, the water behind it refreezes,
thereby sealing the opening. Additional advantages include a low temperature
for cooling, high isolation from society, and the possibility of using the
Antarctic an an internatiocnzl waste disposal site.

However, many questious ccncerning ice sheet disposal need to be
researched. They include the problem of long-term stability of the ice
sheets, the lack of detailed knowledge of the thermal, chemical, physical. and
mechanical properties of ice sheets, and the unknown thermal and radiological
effects on perma frost. Another factor is that once the waste canisters have
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as aoml bap oo cnry ino any part of the launch.

However, the risks assoclated with space disposal increase proportion-

atelv with the number of Jaunches. Consequently, a capsule and vehicle of
nivh o inteprity must be developed. Furthermore, disposal of all high lavel

WwaAstes in apace ts probably impractical becanse of the high launch rate
requmired  and  tee resalting environnental impact, energv requirements,  and
coonomle factars., Therefore, to redice the number of reguired lannches, an
crfective method or o partitinniag the wastes is needed so tiiat oniv ot

tonyest=lived radiortsotopes are disposed of 1n space.

Another disadvantaze to space disposal is the cost, which is estimated
to be $75%3/kz (1978 dollars) for the space shuttle launches alore. Other
costs would arise from special reprocessing, partitioning, and paPKnging.6 A
tinal Jdisadvantage is that even though mnst mishaps during launch mizht be
corrected, there may be a situation for which no rcorrective action can he

LAaksn.

3.6 TRANSMUTATION

Transmutation 1is 2 process whereby long-lived fission products are
wonverted to shorter lived nuclides by bombarding the nuclei with either
phiotwns or other subatomic particles. This conversion greatly reduces the
long~term risk associated with many fission products and shortens the time
over which isolation of the wastes must be assured. Spent fuel reprocessing
and plutonium recycling are a necessity in order to partition the wastes for
transmutation. Transmutation is accomplished bv placing partitioned wastes in
any device producing subatomic particles (e.g., accelerators, cvclotrons, or
reactors). Commercial nuclear power reactors are favored as transmutation
devices because of their demonstrated technologv and their availabilitvy in
large 2nough numbers to handle the materials being recvcled.

Advant ages associated with transmutation include total irreversibility
and simplified disposal, since the transmuted wastes need not be isolated for
as long as the original fission products. The disadvantage of transmutation
lies mainly in the need to develop the technology to perform the process. A
practical partitioning process with a very high degree of recovery of acti-
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LRILLED GIOLYS

The {inal waste disposal technologyv being investigated is the burial
f radiol=otopes in deep drilled holes. Containers of waste would be emplaced
ln up to 1.2-km columns at the bottom of holes 8-13 km deep. The tech-
nology used to drill holes to depths in excess of 6 km with bottom diameters
of 15-20 cm has been ectablisned already in the oil and natural gas industry.
Drilling to depths of 12 km with bottom diameters of 38 cm would merely be an

extension of current technology at an increased cost.

The advantages of this method are that at such depths, there is little
chance of the waste cannisters being exposed to the biosphere as a result of
their being disturbed through groundwater transport, human intrusion, or
climatic or surface changes. Disadvantages lie in the unc2rtainties in
geologic, geophysical, and geochemical properties of specific sites; unknown
effects of temperature, pressure, and thermal stress on the surrounding rock
caused by a long column of hot wastes; and questions relating *o the retriev-
ability of the wastes. The costs asscciated with deep hole drilling have been
estimated to be S$40/kz of reprocessed HLW for a 12-km hole. Speat fuel
buried in this manner would be 15 times more expensive than reprocessead

HLw.b



4 RISKS OF RADICACTIVE WASTE DIZSPOSAL

e [HrRODuOTIoON

There are several Issues that mast be addressed hy hoth the scientifiz
smmanityoand poverameat officials rezearding the risws of nuclear waste

A5 posal technologies, Some of thes issuers are:  the kinds of waste a partic—

ir technolory can accommodate, the isolation notential, the proliferation
tioy, the land area woed, the transportation hazards, and the implications of
i o ident owhen the wanste technoloegy 1s 1n place, For example, spacs
disposal ot racioa tive waste could afford tetal i1solation once the waste s
inowpace, but thee sate Lranport of these wastes into space remilns a maloar
risi in thee e o1 this technique.  Therefore, the parpose of this chapter is
to pdentity posnsible waste disposal technologies for a given waste type and to
cualuate the risks involved. Each of the proposed waste disposal techmologles
is cvaluated in Lerms of the aforementioned issies. Table 1 summarizes this

discussion along with listing the current status and cost of each technology.

4.2 RISKS OF HIGH-LEVEL WASTE DISPOSAL

As noted In Chapter 2, HLWs consist of either spent fuel assemblies
or wastes resulting {rom the reprocessing or recvcling of spent fuel and nust
be asolated from the biosphere for many chousands ot vears bzcause of the
tong-lived radioisotopes thev contain. Nuclear industry spokesmen claim the
disposal ot HLW is a major reason for public opposition to nuclear power.
Hence, most of the research work on radioactive waste disposal has concen-
trated on HLW disposal.

Burial in deep geolougic formations is the most widelv researched
solution to the HLW disposal problem. The nation's first waste disposal piiot
project, WIPP, which will begin operation in 1985, will be the geologic burial
of radioactive wastes. Although favored by the scientific communitv as a
solution to the problem of HLW disposal, the technique faces stiff opposition
from the United States Geological Survey (USGS). The USGS questions the
stability of rock formations once the HLW has been emplaced. The effects of
mechanical, chemical, and thermal disturbances on the host rock are largely
uncertain and may lead to a breach of the waste repositorv. Coupled with
groundwater transport, the wastes could return to the biosphere much sooner
than expected and with serious consequences.

Proponents of geologic repositories argue that the risks associated
with geologic burial can be lessened through conservative design and a systems
approach. A systems approach recognizes that the fate of HLW is governed by
the chemical and physical properties of the host rock, bv the natural geologic
environment, and bv engineered barriers such as the waste form. Consequently,
judicious choice of the host medium, waste form, and back-up svstems, multiple
natural and engineered barriers should preclude the release of radionuclides
to the biosphere. Furthermore, wastes will be buried at depths of 600 meters
where the characteristic time intervals required for any substantial change
are on the order of millions of years.
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The dand reguirements for o geolozic burial of HLW snould not be verw
chetantial. Wit

'

each wasle cannister occupyine an area of 100 square metears
, .3 : -
2o depth of 400 meters, Gobeen? has calculated that even an all nuclear U.3

)
clectrio=power suatem lassuming 400, 1, 000-megswatt plantsy, the HLW annuallw
cnerated wonli ocenpy an area ot less than half oa squar? ¥ilometer. Con-
crnlng transcportdtisn issucs, regional repositories are advocated so that
Pree o wactes wili onot have to be transported long distances to be disposed of
detrlevanility ool the waste canolsters ance thev have been erplaced could
stiord extra o pratection against accldents, Thuis feature coutrd He Hoilt i1ato
repositers aloa marvinal o cost. However, althousn many generic studiss on
Griterent roacr formations have been made, site-speeific data is still needed.

Crter r opertiealar oite s chosen, analveis of the site paramsters wiil owisld
ceova ot elamagt -0 of the dDsolation motential of the particalar site, since

)
Slecsi r toat can prediet gealogio activity given varlous site parameters.,

Seabed dispasal is a second candidare for disposal of either spent
fuel or reprocessing wastes. [t has been recognized that merelv placing
wastes on the seafloor 1s ineffective because of the corrosiveness of seawater
and the retatively short residence time (i.e., 190-1000 years) of even the
deep water. Since the water column cannot be considered a primary barrier to
the transport of HLW, attention has been focused upon the adequacy of the
sediments asw 2 barrier to the transport of radionuclides to the water column.
fnvestipgations are currently under wav to determine the feasibility of seabed
disposal.  Assuming adherence to the carrent schedule, the program calls for
votablishment of ervironmental and techonical feasibiiity by 1933, cnzineering
feasibility by 1990, and demonstration by as earlv as 1995.7 A drawback to
ceabed disposal 1s that it helghtens the transportation risk ha2cause of
tnereased overland transport in addition to requiring speclal port and ship
tacilities to insure safe handling of the HLW. Overland traansport could cause
siynificant difficulties because of the proliferation of 1local ordinances
proiibiting or severly restricting the transport of nuclear wastes through a

. . . Al
munictpality. be

Another disposal technology that accommodates both spent fuel and
reprocessing wastes 1s disposal in deep drilled holes. Simiiar problems
confronting geologic disposal are common to deep drilled hole burial. But
other than conceptualizing possible systems, little has been done to demon-
strate technical feasibility, which will require 10-15 years of studies.

The options of rock melting in deep mined cavities, extraterrestrial
disposal, and transmutation all entail the risks associated with spent fuel
reprocessing, namelv, plutonium proliferation. Since the Carter Administra-—
tion is deferring spent fuel reprocessing Indefinitely, these technologies
would probably not be implemented before the turn of the century. These
technologies are promising and are being investigated as a hedge against any
problems that may cause geologic repositories to be inadequate. Transmutation
of HLW would most likely be coupled with geologic burial, therebyv requiring
less stringent isolation requirements because of the reduced hazards of
transmuted wastes. A three-vear DOE-funded program (begun in 1977) is under
way to determine the feasibility of and incentives for transmutation. A
safety assessment of extraterrestrial disposal is due te be completed by
1981, while the technology of rock melting in deep mined cavities is still
in the early stages of feasibility studies. Table 1l summarizes the critical
issues to consider when assessing the potential usefulness of the waste
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dispnsal technolozias proposed for HLW disposal. Ton sheet o
ween considered because 1t has been widely discounted in the techoizal com-

. el M
minitv.solt

Review Group (IRG), a rask force Instituted by Presitdent Carter to stuae

3

This waste optlon was net even recommendiad by the Interasensy

VoW

nesiear fael avele waste management, and will most Tikely not te implemented,

e s bt e~ oy e cela o .
TRANSURANIC (TR} WASTE DIEP0OSAL

5.5 O
A o oneted I Chaprer 2. TRY wastes resnlt predominetely froan spent
el reprocessing ool fabrication of mised-oxide focel clementa, Hence, the
artoaant ozenerated Jerends oapon Uie choboe of fTuel oo b Althoonsh thoe fheat
Setverateed Trom sastes e ot ac ocreat s MW, the radioacti
RS s comparabie foeL. 10-1 wears, HISIVENR B

technsiogles for and risks assoclated with TRU waste disposal are similar oo
those of HLw disporsal. Yet, because TRU wastes cenerate less bheat, repositorsy
desizn rescrictions could he relaxed in compatison to LW repositaries, and

TRU~-dedalcated repository could be operational first. This strategy has been

advocated in the IRG report to the President.!

. WASTE (LLW) DISPOSAL

4.4 RISES OF LOW-1

Low=level wastes occur in virtually atl phases of the nuclear fuel
cioeoan o addition to obpod produced in medical, rescarch, and manufacturing
activities that utilize radioisotopes. The current method of LLW disposal is
bv shallow land burial. This type of burial involves placing treated or
untreated wastes 1n trenches and ceovering the wastes with a meter or rore of
soll. Sites are sclected on the basis of favorable gzenlogzic and hvdrogzeologic
characteristics that are likely to isolate the wastes on the site until
thev nave decaved to innocuous levels. The DOE has 14 active and two closed
miclear waste burial zrounds, and commarcial operators malntain three open and
three closed sites.! In the past, scme LLW was disposed of by dumping con-
tainerized wastes overboard at specific ocean sites.and letting the wastes

settle to the seafloor. This practice was suspended in 1970.

However, because LLW consists of products with greatly varving levels
of radiocactivity (half-lives range from a few seconds to a few thousand
vears), and some LLW burial sites have developed leaks (althcugh no public
hazard has occurred), all of the wastes cannot be disposed of by shalleow land
or scafloor dispecsal methods. Geologic burial and ocean sediment burial maw
be employed for certain long-lived wastes. Additiomally, liquid LLW could be
disposed of bv deep well injection. This technique involves pumping liquid
wastes several hundred meters into rock formaticns capable of retaining the
wastes until they have decaved to safe levels. Shallow land and seafloor
burial could also be made to provide more isolation potential by nct relving
meraly upen geologic barriers but by using engineered barriers such as med-
ifving the waste form and improving the packaging. (See Table 1 fer lists
of the technologies for and issues invelved in LLW disposal.)

Approximately 57,000 m3 of commercial LLWs are disposed of each year
at commercial sites. At this rate, sufficient capacity at the three operating
commzrcial sites will be available only for the next 5-10 years. Due to
uncertainties in Federal and State regulatory programs, however, commercial



erat rsoare anwilling to iavestigat. additional sites. Ta reverse this
trewmd, a nacional plan for the manasement of LLW needs tn he implemented,
Yiore paan muct address wvarious LLW disposal stratezies to be pursued as well
standards nan npackaging »f wastes and

L= o

a4 cate-llcensing procedures and

peite soelection, Time Labie foor feasibility stidies, R&D activitissz, and

vemonstration plants tor LLW disposal must be estabiisned.  Unless a compre-

qensive Lide oprocram i oadopted, dfodustry oand zovernment wmay be left o with no
At disno e af sach mateerial.

LD RILES R URANTDMA TATLINGE DIDPOLAL

Poouably the largest aguantitoes of radisacrive waste are uraniam
aibingns =14 U are pencrated aanmally wich 135 U oaireads in oexistenc- ot T

fmmense wolame of these wastes obviously prohibits disposal in zeolozic
repositorics or other methods proposed for HLW, TR waste, or LLW disposal.
Yet, becanse of the hazard thev pose, measures must be taken to minimize the
risks posed hy the exposed piles scattered at both active and inactive uranium
milling sites. As an interim measure at active mill sites, the NRC is re-
quiring the mill operators to dispose of mill tailings in such a way that
radon emi wion is reduced to about twice the natural background rate. This
requirenent s being accomplished by covering the tailings with clav and soil
and regrading o resist wird and water erosion. 'nderground burial of tail-
ings 1s being proposed as a method of future disponsal. Tailinas mav be

retarmedd to the wiane pits {rom whieh thev came or placed In specially e
cavated below-zrade pits.  To effect more permanent rezulation of active mil

sites, the RC is preparing a Generic Environmental Impact Statement (GEIS) on
uranium mill tailings. The cleanup of inactive sites is the respensibility of
the DOE.  Legislation is belng consider-d bv Cunuress to anthorize the nez-

ss5arv oactions.

.6h BISKS OF DECONTAMINATION/DECOMMISSIGHING (D/D) WASTE DISPOSAL

Decommissioning of nuclear facilities will alse rasuit in a large
amount of wastes. However, the waste generated from dismantlement can be
¢haracterized according to waste type, i.e., HLW, TRU waste, or LLW, and
iisposed of accordingly. The site itself must be cleaned up sufficiently to
praovide unrestricted use of the land. Otherwise, long-term institutional
control must be provided. Since D/D waste is a newcecmer to the nuclear waste
disposal forum, standards still need to be developed specifying tachniques and
procedures to accomplish D/D.



5 CONCLUSIONS

Several concluslons can be made based upon this studv of the wastes
le and the rechnologies for and risks

pyenerated the nuclear fuel cov
" ! with radinactive waste disposal. Firat, 1t must he realized

viylvend

regariless of future nuclear policy, a nuclear waste dispesal prablem  loes
zist and must be dealt with., Even a moratorium on new nuclear plants leaves

i3 wWlih the wastes alreadv In existence and wastes vet te be generated

[ag

)

reactors in operation.  Thus, at the very least, technologies ta effective iy
fi~pose ot oar ocarreat waste problem mast be rescarched tdentified anid

troen, Hased apon the tindines, f

Loy,

ilities th dispose op the radloactive wislos

o bee huilr

Second, the magnitude of the waste disposal problem 1s a function
50 future nuclear policv.  As naoted in Table | there are some waste dispesal
terinologles that a. 2 suitable for both forms of HLW (spgent fuel and reproc-
essing wastes), whereas others can be used with only reprocessed wastes.
Therefore, the sooner a decision on the future of nuclear power is made the
more accurately the magnitude of the waste problem will be known, therebhy
tdentifving these technologies that deserve more attention and fundingz and
tunse that can be abandoned. This determination will help to focus the

resi-arch and development effort so that we can better solve the radioactive

wiaste draposal problem,

Finally, the results in Table 1| show that there are risks assoclated
with everv disposal technology. One technolezyv mav afford a higher isolation
potential at the expense of increased transportation risks in comparison to a
seczond technoiomy. fstablishing the types of risks we are willing to live
with must be resolved before any waste disposal technologv can be instituted

for widespread commercial use.
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