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ABSTRACT

A Program Research and Development Announcement (PRDA) was
initiated by DOE to solicit from industry new and novel ideas for
improvements in the nuclear waste management system. GA Technologies
Inc. was contracted to study a system utilizing a universal canister
which could be loaded at the reactor and used throughout the waste

management system.

The proposed canister was developed with the objective of meeting
the mission requirements with maximum flexibility and at minimum cost.
Canister criteria were selected from a thorough analysis of the spent
fuel inventory, and canister concepts were evaluated along with the
shipping and storage casks to determine the maximum payload. Engineer-
ing analyses were performed on various cask/canister combinations. One
important criterion was the interchangeability of the canisters between

truck and rail cask systems.

A canister was selected which could hold three PWR intact fuel ele-
ments or up to eight consolidated PWR fuel elements. One canister could
be shipped in an overweight truck cask or six in a rail cask. Economic
analysis showed a cost savings of the reference system under considera-

tion at that time.
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EXECUTIVE SUMMARY

The Department of Energy (DOE's) Draft Mission Plan for the
Civilian Radioactive Waste Management Program issued in April 1984
addresses the concern that the Commercial Radioactive Waste Management
(CRWM) system could potentially evolve into a multi-element system
resulting in a number of separate packaging and handling operations.
Because of this concern, a Program Research and Development Announcement
(PRDA) was initiated to solicit from industry new and novel ideas for
improvements in the CRWM system. As a result of the PRDA, GA Technolo-
gies Inc. (GA) was contracted to study a system utilizing a universal
canister which could be loaded with spent fuel in the reactor storage
pools prior to at-reactor dry storage or shipment to interim storage,

monitored retrievable storage, or the repository.

The objective of this study was to develop a system which would
allow DOE to meet the mission requirements of the Nuclear Waste Policy
Act with maximum flexibility and minimum cost. The proposed concept
would provide for handling, shipping, and storing of spent fuel such
that packaging and handling would be minimized while standardization of
interfaces and equipment would be maximized. Because of uncertainties
in the implementation of the CRWM system, the proposed concept should
provide the flexibility necessary to accommodate future changes in the
system while reducing the risks involved in handling high-level

radioactive waste.

The proposed universal canister concept was developed with these
objectives in mind. First, the canister criteria were selected after
extensive analysis of current and future spent fuel inventories to
ensure that the proposed system could handle up to 95% of this inventory
within the design capacity of both the canister and associated shipping




and storage equipment. Heat load and radiation source terms required
for design were determined based on expected age and burnup of the spent
fuel. The age was based on DOE's draft mission plan waste acceptance
schedule, (Ref. 1). The canister criteria determined in this study,
however, would be different if major changes were necessary in the DOE

waste acceptance schedule.

Second, canister concepts were evaluated along with the shipping
and storage casks to determine the maximum payload within regulatory and
operational limits. Engineering analyses were performed on various
canister/cask combinations to determine fuel temperatures and shielding
requirements. To maximize the flexibility of the system, exchangeabil-
ity of canisters between truck and rail cask was one of the criteria

used in the development of the canister.

The following provides a summary of the GA PRDA program study and
presents the major findings and conclusions which resulted from the

study.

1. INVENTORY ANALYSIS

An important subtask on the PRDA Systems Studies has been to carry
out an analysis of the time-phased statistical distribution of those
spent fuel inventory characteristics which could limit the size of
transport and storage casks, or disposal packages. The inventory
characteristics of burnup and decay age define the heat load and the
gamma and neutron shielding source terms. The inventory analysis also
included criticality calculations based on a number of assumed unburned
fissile enrichments for several different basket arrays and fuel

assembly pitches.
The primary goal of this task was to define the time-phased inven-—

tory distribution, as a function of heat load, neutron and gamma source

strength, and fissile eanrichment in order to define a maximum payload,
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or inventory handling capability, of a universal canister system design
capable of handling essentially all of the total inventory of light-
water reactor (LWR) fuel discharged through the year 2020. A goal of
295% was selected to ensure that the universal canister would operate
with the equipment and facilities developed for the CRWM system dur-

ing their design lifetime. Since neutron source strength is strongly
related to burnup whereas heat load and gamma source strength are depen-
dent on the spent fuel age, criteria were selected which would encompass

95% of the high-burnup fuel as well as the low-age fuel.

Setting the canister size at 176 in. provided sufficient length to
encompass over 95% of the fuel. Only a small percentage of the fuel

exceeds this length.

The inventory analysis has been based on the use of simple equa-
tions to fit a set of actual calculated data, based on ORIGEN computer
runs, of neutron and gamma source strength and heat load as a combined
function of the burnup and decay age. These fits, which are accurate to
within about 10% for decay ages of 2 to about 20 years, were coupled to
the MTU burnup and age distributions estimated from reactor discharge

data and DOE acceptance schedule(s) (Refs. 1 and 2).

The important conclusions and recommended strategies that have

resulted from these inventory analyses are as follows:

1. A design basis equivalent to that proposed for the universal
canister system will be required for whatever system compo-
nents are ultimately chosen to transport, store, and dispose
of the LWR spent fuel if a high inventory handling capability
is to be achieved. A capability for handling, as consolidated
fuel, the equivalent of fuel burned to 40,000 MWd/MTU and
decayed no more than 7 years is required in order to achieve
a >957% inventory handling capability based on the fuel flows
specified by Ref. 1. Figures 1 and 2 show the burnup and age
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distribution which formed the basis for this conclusion. Both
of these figures are based on the PRDA reference acceptance
schedule. 1In Fig. 2 it can be seen that, for the integrated
MRS with a 1996 start date, approximately 75% of the fuel
leaving the reactor would be between 5 and 10 years old and
18% of the fuel would be at the minimum age limit of 5 years.
An enrichment criticality limit for unburned fuel of <3.757%

U-235 was also specified from these studies.

For the reference PRDA inventory burnup assumptions, it
appears that the reference design basis corresponding to
33,000 MWd/MTU and 10 year aging would only allow a 65% inven-—
tory handling capability for the first one-half of the total
inventory. This is the fuel discharged through 2005 which
would be 9 years or older at time of transfer or acceptance.
The overall system inventory capability for all fuel trans-
ferred for discharges through 2020 would only be about 50%.
The capability, however, would be increased if the acceptance
rate were slowed due to repository delays or if the accep-
tance spent fuel age were increased above the current 5-year
requirement. It 1s also possible to develop more than one
generation of storage and transport casks with each generation
designed to handle an inventory time span. The first genera-
tion could then be designed to the current design basis. The
time phased handling capability with the current reference
design basis is illustrated in Fig. 3 for reference burnup

assumptions.

Should extended burnup occur, as in certain EIA projections,
the current reference design basis would be too low to handle
the estimated heat load and shielding source terms and the
projected handling capability would be further reduced. With
an assumed 43% increase over the current 1985 burnup rates,

the reference design basis would be limited to only a 35%
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handling capability for discharges through 2005 and to an
overall inventory capability of only 20 to 25% for all
discharges through 2020 as shown in Fig. 4.

Another useful finding from these studies shows that the gamma
source strength and heat loads for differing fuel exposures
and aging are nearly a coanstant for a given ratio of burnup-
to-age. For example, 30 MWd/kg burnup at 5 years aging yields
essentially the same heat load and gamma source as 24 MWd/MTU
4-year or 42 MWd/MTU 7-year combinations, i.e., the burnup/age
ratio is 6 in each case. Although the neutron source strength
does not follow this simple rule of thumb, this relationship
suggest that there is a better acceptance strategy than the
“oldest fuel first"; for example, combinations of low burnup/
low age and high burnup/high age could be transferred simul-
taneously to more nearly levelize the heat load distribution
over time into the mointored retrievable storage (MRS) or
repository, if that was considered important in repository

operations.

Another significant strategy option, which takes advantage of
the fuel management capabilities inherent in the integrated
MRS is to consider loading combinations of consolidated and
unconsolidated assemblies in the same waste package as a
method for standardizing the waste package size and heat load
per package over the time horizon of repository operations.
The configuration and capacity of the proposed universal can-
ister, which would allow multiple actual or equivalent (con-
solidated) assembly loading from <3 to 8 per package, was
shown to allow nearly constant, yet media specific, package
heat loads at or near the current waste package reference
values over the total time-phase of repository operations.
Figure 5 shows the different possible package configurations
which could be assembled at the integrated MRS.

E-8
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Such a strategy, which would simplify the transport, storage,
and disposal of high burnup/low aged fuel discharged after
about 2010 could alleviate the problems that could result from
these fuels in the later years of operation of an integrated

MRS and repository.

6. The high heat loads and source strengths of spent fuel dis-
charged after 2010 will severely reduce the payload of a sys-
tem designed to store and ship final disposal packages. 1In
the later years of the integrated MRS operations, fuel with
high burnup and only 7 to 10 years of cooldown would have to
be shipped in burial packages from the MRS to the repository
following a minimal cooling period at the MRS. Such fuels
could have more than twice the heat load and shielding source
strength used for the current reference design basis. This
would result in very large unit costs for shipment from the
integrated MRS to the repositories. An increased burnup
assumption would further compound this problem, particularly
from the standpoint of neutron source strength, which could
increase by a factor of three or more with extended burnup as
shown in Fig. 6. Additional aging of fuel in the MRS would

not significantly reduce the neutron source strengths.
2. UNIVERSAL CANISTER SYSTEM

The GA system proposed for the packaging and handling of spent fuel
is centered around a universal canister which contains the spent fuel
during transport, storage, and intermediate handling operations. The
ideal universal canister would operate effectively throughout the waste
cycle, from spent fuel loading at the reéctor pools, through transpor-
tation and storage missions, to final disposal at a repository. The
increased system flexibility provided by an efficient canister would

reduce the sensitivity to changes made in the overall waste handling
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scheme and would minimize the need for defining interfaces on systems

which will be developed much later in the CRWM program.

Several canister sizes and configurations were investigated dur-
ing the course of the PRDA study. These included large rail canister
designs and a series of smaller designs capable of being transported by
truck or rail cask. Canisters designed for transport by legal weight
truck (LWT) were examined in both circular and rectangular cross-section
configurations. The circular configuration was found to have limited
capacity in the LWT mode for the age and burnup of the spent fuel inven-
tory specified, and its packing arrangement in a rail cask severely
limited its capacity. The rectangular cross section LWT canister was
similarly limited in the truck cask because of spent fuel age and burnup
shielding requirements, but it packed more efficiently in a rail cask

than did the circular canister.

In parallel with the examination of truck canister configurationms,
a study was conducted to determine the largest capacity rail canister
which can be transported by rail cask at a loaded weight limit of
100 tons. The most efficient rail canister design identified has a
circular cross section, carries 19 pressurized water reactor (PWR) or
44 boiling water reactor (BWR) intact spent fuel assemblies (SFAs), and

fits within a 100-ton rail cask having a minimum cavity diameter of

57.0 in. This design was referred to as the "alternate™ canister design

during the PRDA study.

After zn investigation was done which confirmed the viability of
truck transport at a weight exceeding the LWT limit, a canister design
was found which works efficiently in both truck and rail transport
modes. This design, shown in Fig; 7 and identified as the "principal”
canister design, has a modified circular sector cross section which fits
efficiently within a 40-ton truck cask having a minimum cavity diameter
of 25.0 in., or within the 100-ton rail cask with a minimum cavity diam-

eter of 57.0 in. The principal canister design can operate in the truck
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transportation mode (singly), the rail transportation mode (six per rail
cask), or the storage mode (six per storage cask or storage module posi-
tion). The arrangement of the six canisters is shown in Fig. 8. The
capacity of this canister is 3 PWR or 6 BWR intact SFAs. When loaded
with consolidated fuel, this canister holds the equivalent of 6 PWR or
12 BWR SFAs for spent fuel rods consolidated at a reactor, or the equiv-
alent of 8 PWR or 16 BWR SFAs for spent fuel rods consolidated at the
packaging facility in preparation for repository disposal. As shown in
Fig. 5, the canister can be reconfigured during the fuel consolidation
process into a unique repository-specific package. That is, the canis-
ter would contain 4, 6, or 8 PWR assemblies for either basalt, tuff, or

salt.

For use in a disposal package, the GA canister must be placed in a
heavier wall burial container to withstand the lithostatic pressure and
the long-term corrosion requirements for salt or basalt repositories.
For tuff or granite repositories, the GA canister can be emplaced

directly if the canister 1s constructed of stainless steel.

The following sections describe how the GA universal canister will

function in the backup MRS and integrated MRS cases.

Backup MRS Case

For direct shipment from reactors to the repositories, the GA
universal canisters would be loaded at the reactor spent fuel pool and
either shipped immediately offsite by truck or rail transport cask or
stored onsite in storage casks. The loading operation in the reactor
pool is similar to loading standard shipping casks. Canisters can be
preloaded or loaded while positionéd inside the shipping or storage
casks. The operation uses standard closure and dewatering systems. The
canisters are designed to accommodate either intact SFAs or spent fuel
rods from consolidation operations at the reactors. If stored onsite,

the canisters would be transferred to transport casks just prior to off-
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site shipments. This transfer operation is unnecessary if the onsite
storage casks are also qualified for offsite transportation duties.

Upon arrival at a repository, the canisters can be removed from the
transport casks and either sent to temporary storage or opened immedi-
ately for processing if rod consolidation is required; otherwise, they
can be sealed for burial. The mechanically sealed canister lids are
adequate for temporary storage outside a storage cask; however, the can-
isters can be sealed by welding a top cover over the mechanically sealed
1lid if medium—- to long-term storage or disposal is required at this

step.

Following rod consolidation at the repository, the spent fuel rods
can be reloaded into the canisters and sealed for burial, or they can
be loaded into separate disposal packages, the empty canisters being
returned to the reactors for reuse. The spent fuel assembly hardware
(skeletons) can also be loaded into a canister or a\separate hardware
disposal package. 1If disposal of intact SFAs is desired, the canister
lids can be seal welded when they arrive at the repository, and it would

not be necessary to reopen the canisters.

If a backup MRS facility is required, the canistered spent fuel can
be seal welded as previously described and placed directly into storage
without opening the canisters. Consolidation and canning at the MRS can
be avoided, resulting in a relatively simple facility. Six loaded can-
isters can be stored in each storage cask or storage module position in
an MRS facility. Direct shipment of the canisters to the repositories
is performed when storage at the MRS facility is no longer required.

Integrated MRS Case

The spent fuel canisters are handled exactly as described in the
previous case. However in this case, all shipments are made to an inte-
grated MRS. Use of the GA canisters allows a great deal of flexibility

in the operation of the MRS. When the canisters are received from the
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reactors, they can (1) be placed in surge storage awaiting the start of
processing, (2) be placed in storage prior to processing and shipment to
the repositories, or (3) be sent for processing and then storage prior

to shipment to the repositories.

If surge storage is required prior to processing at this facility,
the canistered fuel can be transferred directly upon being unloaded from
the transport casks. The mechanically sealed canister lids provide dou-
ble containment for short-term storage and no direct handling of the

SFAs is required for this operation.

If longer-term storage is required prior to processing, the canis-
ters can be seal welded tight before being placed into storage. The
canisters can be stored six at a time in each storage cask or storage
module position. Once in this configuration the spent fuel can be
stored almost indefinitely pending scheduling of processing for disposal
at a time convenient for the MRS or repository facilities. Following
the processing operations, the spent fuel can be reloaded into the can-
isters and sealed for burial or additional storage, or it can be loaded
into separate disposal packages and the empty canisters can be returned
to the reactors for reuse. Except during the actual rod consolidation
operations, handling of bare spent fuel is avoided while the fuel is
being transported, stored, or transferred between these operations. The
use of the sealed canisters ensures a relatively clean system outside of

the actual spent fuel processing activity.

If consclidation is accomplished prior to storage at the MRS facil-
ity, the canisters &ould be sent to the processing area after they are
unloaded from the transport casks or‘from surge storage. Following con-
solidation, spent fuel rods are reloaded into the canisters and seal
welded for storage at the MRS facility and then shipped to the reposi-
tories for final disposal. Six canisters containing consolidated fuel
rods can be stored in each storage cask or storage module position and

six canisters can be shipped in each rail transport cask.



The principal benefits offered by the universal canister to this
case are flexibility of operations and cleanliness of systems. The
flexibility allowed by the use of the canisters means that the sequence
and timing of the operations at the MRS facility can be scheduled for
optimum use of the facility's resources. The sealed canisters also
ensure that all operations outside of the actual spent fuel consolida-
tion area remain relatively free from contamination. This also simpli-

fies decommissioning at a later date.

Alternate Canister Design

An alternate canister design was identified during the course of
this study in addition to the principal design described above. The
alternate design is a larger canister which can operate at maximum effi-
ciency in rail transport and in spent fuel storage modes. The alter-
nate canister design has a slight advantage over the principal canister
design in those two modes (19 PWR/44 BWR intact SFA capacity for the
principal design), but it cannot operate in a truck fransport mode or be

placed in a disposal package.

The alternate canister design would be very useful in a waste
system dominated by rail transportation links and the need for storage
capacity between the reactors and the repositories. The smaller princi-
pal canister design came to the forefront during this study because it
can operate in all the modes required and because it provides greater

flexibility to the entire waste system.
3. SYSTEM ECONOMICS

The economics of the universal canister in the CRWM system were
determined for a number of scenarios. The reference CRWM system sce-
nario, which was analyzed by Weston Consultants, provided the basis for
comparison. Two sets of cases were run, and each set evaluated three

repository pairs: salt/granite, tuff/granite, and basalt/granite. The




first set evaluated the universal canister in the reference CRWM system
and the second evaluated the universal canister in a system with an

integrated MRS. Both assumed on-time repositories.

The WADCOM computer program was used to analyze a number of cycles
required for each case. The outputs of the WADCOM cycles were combined
in spreadsheets to produce the cost projections. The cost input for

these cases was the same as the reference case except where these costs

were specifically impacted by the universal canister and the metal stor
age and transport casks which were developed to operate with the canis-
ter. In the case of the integrated MRS, since there was no reference

integrated MRS system, costs for the MRS were taken from work performed

by Kaiser Engineers and Pacific Northwest Laboratories.

The results of the economic analyses are shown in Tables 1 and 2,
which also show the costs for the reference CRWM system. The following

conclusions can be made from the results.

For the reference CRWM system, where spent fuel goes directly from
reactors to repositories, savings are possible with improvements in
transportation and at-reactor storage systems. The universal canister
can also be introduced into the system at no additional costs, since the
cost of the canister is offset by savings in storage cask internals.

The improvements in the transportation and storage systems can be incor-
porated without adopting the canister. A decision to adopt the canister
would be based on the benefits of preparing a standard package at the
reactor for future additional handling and storage resulting from

changes or delays in the DOE mission plan,

The 640 to 810 million dollar savings in the CRWM system are attri-
buted to changes in transportation system design. These design changes
resulted from inventory analysis and canister design. Inventory anal-
ysis provided design criteria which eliminated the need to derate the
system if it is required to handle low cooldown and/or high burnup spent
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TABLE 1
RADIOACTIVE WASTE MANAGEMENT SYSTEMS COSTS
(Million 1985 Dollars)

i CRWM System
Basalt/Granite Salt/Granite Tuff/Granite DRS

Undiscounted Discounted Undiscounted Discounted Undiscounted Discounted Undiscounted Discounted

PRDA reference 18,300 8,769 13,747 6,546 14,393 6,696 713 512
GA reference 17,491 8,431 13,108 6,278 13,613 6,368 551 391
GA alternate 20,358 10,032 15,889 7,821 15,975 7,736 193 153




(XAt

TABLE 2

RADIOACTIVE WASTE MANAGEMENT SYSTEM COSTS
(Million 1985 Dollars Undiscounted)

DRS CRWM Transportation Repository 1 Repository 2 MRS

PRDA reference(a)

Tuff/granite 713 14,393 1,856 7,007 5,531 N/A

Salt/granite 713 13,747 1,491 6,725 5,531 N/A

Basalt/granite 713 18,300 1,929 10,840 5,531 N/A
GA reference

Tuff/granite 551 13,613 1,080 7,004 5,528 N/A

Salt/granite 551 13,109 857 6,723 5,528 N/A

Basalt/granite 551 17,491 1,125 10,838 5,528 N/A
GA integrated MRS

Tuff/granite 193 15,975 1,296 6,832 5,378 2,470

Salt/granite 193 15,890 1,157 6,951 5,378 2,404

Basalt/granite 193 20,359 1,309 11,110 5,378 2,562

(a)

From Ref. 6-2.



fuel, thus maintaining operatiorn of the system at its optimum payload.
Developing a canister which would operate efficiently in either a truck
or rail cask led to the selection of a canister which required shipment
by overweight truck (OWT). Even with a speed penalty assumed for OWT,
truck transportation costs were reduced 50%. The savings in transporta-
tion are evident from Fig. 9, which compares the WADCOM reference CRWM
system output on total number of transportation casks required per year
for the PRDA versus the GA system. The PRDA system requires more casks
over shorter periods of time whereas the GA system results in a more
uniform cask usage over the total campaign. The impact of derating the

PRDA casks can be seen by the large increase in casks in 2014,

The universal canister concept proposes that the canister be intro-
duced into the system just prior to transfer of fuel beyond the reactor
pool. The cost of the canister would be offset by savings in complex
internal baskets required in storage and transporation casks. Six can-
isters and a support frame are estimated to cost no more than $50,000
which is approximately the cost for a typical cask internal basket. The
benefits of the canister are negligible if fuel is shipped directly from
reactor pools to the repository although some savings has been'estimated
for standardizing the receiving and handling systems at the repository.
Greater benefits are available to the reactor operator if extensive
at-reactor cask storage is required. The canister provides a standard
handling unit which provides flexibility in the reactor operator's dry
storage system especially if the operator has several reactors on his

grid of different types.

If a full flow integrated MRS is added to the CRWM system, the
overall cost of the system increases by $2.4 to 2.8 billion dollars
due mainly to the cost of the integrated MRS which includes storage for
21,300 MTU of spent fuel received as a result of an early (1996) and
accelerated startups. The impact of the universal canister on the sys-

tem economics is negligible since the integrated MRS requires a canister
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for the consolidated fuel rods which would cost approximately the same

as the universal canister, $6000.

The increase in CRWM system cost due to adding the integrated MRS
can be broken down into transportation, repository, and MRS impact
areas. The results of comparing the GA reference system and the GA
integrated MRS system shows an increase in transportation cost from $180
to 300 million dollars. The increase in transportation costs between the
reference and integrated MRS systems for tuff/granite repositories is
evident from Fig. 10, which shows that although the maximum number of
truck casks reduced from 27 to 17, the number of rail casks increased
from 42 to 105 for the integrated MRS. As shown in Fig. 11, this is due
to having two separate rail cask systems: one to service reactors and

one to service the MRS.

The impact on the repositories is due to moving the consolidation
function to the MRS and to changes which were required on the waste
package and emplacement for the different geologies. The cost impact
ranged from a savings of $322 million for tuff/granite to a cost of
$122 million for basalt/granite. The impact on the basalt was due to
increasing the reference waste package diameter to accommodate the uni-
versal canister. Larger repository savings are possible if all packag-
ing were to be done at the MRS, but the net savings would be offset by
further increased transportation costs since, in this case, the over-

packs would have to be transported.

The major cost impact resulting from the integrated system is
the cost of the MRS, which is estimated to be $2.5 billion. Of this,
$154 to 216 million dollars is the cost of storing 21,300 MIU of con-
solidated spent fuel in concrete storage casks as shown in Fig. 12 for
tuff/granite repositories. $120 million is the cost of consolidating
the spent fuel, and $2 billion is the cost of operating the facility.
Because final packaging is done at the repository in the GA concept, the

E-25




NANNANAN

R
SN,
SN
////I.
N

X
Q
2
@
—
.._u g2
Zs <5
e S0
50 e
oxwn GNM % o
r _ _ T _ r -3
o Te] o ['2] o 's] o
g ~N o~ - -
SHSVD NOILVLIYOdSNVYL "ON
(]
M
Mo
o~
o
| o
o
o~
4
(a e
2 23
: WWWWWWWHUVv o
e
o
_O
o
o3 8 «
- z
av w3
R“ ow
g ws
322 3% o
[ T T T T nw o Mu.bq
Q 3 @ @ g & -

SHSVD NOILVLYOdSNYYL "ON

E-26

Comparison of transportation cask requirements between the reference CRWM system with

tuff/granite repositories and the integrated MRS system
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MRS operating costs were not offset by equivalent reduction in reposi-

tory operating costs.

Early operation of the MRS however results in a reduction of stor-
age requirements at-reactor, as shown in Fig. 13, This provides a sav-
ings of $360 to $520 million dollars, depending on which dry storage

system is used, GA design or PRDA reference.
4, SYSTEM FEASIBILITY

Both the CRWM system and the universal canister have been evaluated
to ensure their technical, licensing, economic, environmental, and soci-
oeconomic feasibility. The universal canister itself is technically
feasible, since it is relatively simple in design, uses readily availa-
ble materials, can be manufactured in existing facilities, and can be
readily handled with standard equipment. The universal canister concept
has undergone sufficient analysis to predict its performance. Canisters
have been used to contain leaking fuel or to ship and transport fuel for
a number of years and therefore they do not require any new technology

development.

The technical feasibiiity of the CRWM system with the universal
canister was evaluated by examining each element of the system to deter-
mine the degree of flexibility provided by the universal canister. Pre-
loading of canisters in the reactor pool improved the handling of the
spent fuel for storage or transport. The universal canister provides a
standard package and improves the utilization of the at-reactor and MRS
storage casks. The greatest increase in flexibility occurs at the inte-
grated MRS. With the spent fuel arriving in a clean canister, several
options are available to the operator for storage, consolidation, and
final packaging. With the repositéry receiving a standard clean canis-
ter, overpacking systems can be simplified and the processing lines can
be identical rather than requiring different equipment for the different

types of fuel.
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The universal canister also offers improved flexibility for meeting
repository waste package heat load limits. This is particularly impor-
tant when the age of the fuel decreases and the burnup increases. As
explained in paragraph 1, canisters can be loaded with a combination of
intact and consolidated fuel assemblies so that the repository receives
a package with a specified heat load. The package contents would range
from all consolidated to all intact spent fuel.

Safety and licensability is enhanced with the universal canister
since it provides am additional barrier within the licensed storage or
transport cask as well as providing containment of radioactive contami-
nation during handling and storage. Spent fuel handling facilities
remain relatively free of radioactive contamination, and the amount of
secondary low level waste is substantially reduced. Contamination can

be primarily limited to the consolidation area.

The addition of a canister in the CRWM system is economically feas-
ible since the cost of the canister is minor compared to the total sys-
tem cost. Without considering any savings due to the canister, the
approximately $200/kglU system cost would be increased by $2/KgU, which
is well within the level of cost uncertainties. The benefits provided
by this small incremental cost make the universal canister economically

feasible. 1In addition, savings are expected in handling costs, operat-

ing costs, and decommissioning costs. However, these savings are dif-
ficult to estimate at this time because system designs have not been

sufficiently developed.

No significant adverse environmental, ecological, or socioeconomic

impact was identified with adoption of the universal canister.

|
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5. RECOMMENDATIONS FOR SYSTEMS ANALYSIS AND CONCEPT DEVELOPMENT

The concept of a universal canister is not only compatible with
DOE's proposed integrated MRS but can potentially improve iﬁs flexibil-
ity. The integrated MRS will need to to utilize a canister for process-
ing and storing spent fuel. Further systems analyses are recommended to
better define the canister functions within the MRS so that the result-
ing canister design enhances rather than limits the flexibility of the
CRWM system. The following sections provide specific recommendations

for systems analysis and concept development.

Spent Fuel Management

More extensive spent fuel management studies could show the poten-

tial of the integrated MRS to manage the flow of spent fuel from reac-
tors to disposal under different sets of criteria, to establish the
optimum cost and operations basis, and to determine how the MRS can

accommodate uncertainties in the flow of spent fuel.

By introducing the concept of an integrated MRS, DOE has provided
the capability for solving several difficult problems in the back end
of the nuclear fuel cycle. These include at-reactor storage needs and
spent fuel age/burnup limitations in transport, storage, and disposal
systems. Further fuel management studies are needed to develop an
optimum acceptance schedule for spent fuel shipments from reactors, to
determine the MRS storage requiremehts, to select optimum canister load-
ings, and to establish a rate of flow of processed spent fuel to the

geologic repositories.

There is considerable uncertainty in the generation and flow of
spent fuel from reactors. Since the bulk of the spent fuel inventory is
from future reactor discharges, spent fuel management studies are needed

to determine how these uncertainties would impact the integrated MRS and
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what degree of flexibility would be required to cope with the range of
spent fuel characteristics that might result.

The integrated MRS provides the CRWM with the capability to improve
the current waste acceptance strategy of "oldest fuel first,"” which
results in significant changes in heat load and shielding requirements
during the geologic emplacement of the spent fuel. The inventory anal-
ysis performed this year has shown that heat load and the gamma shield-
ing source term are nearly proportional to burnup for a given decay
time. Additional studies are needed to develop an acceptance strategy
based on equivalencing of burnup and aging to more nearly levelize
shielding source terms and heat load for spent fuel prior to disposal

in the repositories.

Integrated MRS Systems Studies

Flexibility in the CRWM system will depend on the degree of flexi-
bility of the systems within the integrated MRS facility. A study of
alternate process flowsheets for the integrated MRS is recommended to
examine the different functional requirements which may arise during the

implementation of the CRWM system.

An understanding of these functional requirements during the system
definition phase of the integrated MRS development will determine the
degree of flexibility which can be made available. These functional
requirements generally include cask handling as well as spent fuel han-
dling, processing, and storage. More specifically, they must address
what different cask types must be handled, what different fuel forms
will be received at, and later shipped from, the facility, what options
are available for processing the spent fuel, and what different fuel

forms require storage.
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The systems analysis can determine the impact of setting different
functional requirements and suggest approaches to maximize the flexibil~
ity of the integrated MRS to respond to yet-~to-be-defined or changing
requirements. It would help determine the need for, and the timing of
rod consolidation of, fuel requiring storage prior to disposal by con-
sidering the impact of storing intact versus consolidated fuel in dif-
ferent canister designs. It would examine the options for selecting a
consolidation canister if the disposal canister or the repository is not
defined when fuel is received in the facility, and it would determine
the impact on the facility of selecting specific canister designs. Tim-
ing and location of final packaging for disposal would be evaluated to
determine the impact on the integrated MRS, transportation, and the

repository.

Concept Development

A better definition of canister requirements resulting from the
systems studies outlined above will provide a basis for further canister
definition and development. The canister proposed in this report was
designed to meet certain requirements and should be reexamined in light
of any new requirements resulting from additional studies or changing

parameters.

It may also be possible to develop two sets of canister/cask sys-
tems, with the first set addressing the early inventory and its older
fuel with lower burnup. A second generation of casks would then be

introduced around 2015 for the younger/high burnup fuel.

If the systems studies determine that a universal canister is not
appropriate for a CRWM system with an integrated MRS, a canister will
still be needed for processing and storage within the MRS ir flexibility

of the system is to be maintained.

E-34



REFERENCES

"Mission Plan for the Civilian Radioactive Waste Management Pro-

gram,” DOE/RW-0005 Draft, April 1984.

McKee, R. W., Pacific Northwest Laboratories, private communication

to R. P. Morissette, GA, January 28, 1985.

E-35




1. INTRODUCTION

The reference Commercial Radioactive Waste Management System (CRWM)
involves shipment of spent fuel directly from reactors to two reposi-
tories using truck and rail shipping casks. The Mission Plan for the
Civilian Radioactive Waste Management Program (Ref. 1-1) includes a
number of contingency systems which would become part of the CRWM system
as required to implement the Nuclear Waste Policy Act of 1982. These
include at-~reactor storage, emergency interim storage, and monitored
retrievable storage. These contingency systems made it apparent that
the management of nuclear waste would involve major resource investments
in facilities, equipment, construction, and operation and would include
an as-yet-undetermined number of discrete packaging, handling, and ship-
ping operations. Because of this, a Program Research and Development
Announcement (PRDA) was initiated by the Department of Energy (DOE) to
solicit from industry new and novel ideas for improvement of the CRWM

system.

The solution proposed by GA Technologies Inc. (GA) consists of a

multi-element system for storing and transporting spent fuel. Four

basic elements make up the multi-element system: universal canisters,

storage casks, concrete storage modules, and transportation casks.

The primary element of the system is a universal canister that will
contain intact or consolidated pressurized water reactor (PWR) or boil-
ing water reactor (BWR) spent fuel assemblies while providing standard-
ized handling from reactors to repositories. It consists of a thin-
walled steel container with either a bolted or a welded closure that is
capable of wet or dry loading/unloading. It will form an integral part
of the storage and transportation units that contribute to the remainder

of the proposed system. This use of a standardized canister design
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provides significant economic advantages because it establishes a common
interface with the handling, storage, and transporation elements of the

proposed system.

The storage cask element of the system is thick walled with a
bolted or welded enclosure for storing a universal canister of spent
fuel. The cask is capable of wet or dry loading/unloading, and can be
used for near-term small-capacity cask storage facilities as well as for

transfer of spent fuel to onsite storage module facilities.

The storage module element of the system is a passively cooled
storage facility that uses concrete storage modules or casks for long-
term large-capacity storage. The modules accept universal canisters of
spent fuel, provide continuous monitoring capability, and interface with

storage and transport casks.

The fourth element of the system, the transport cask, is thick
walled and is used for public highway/rail transportation. It accepts a
universal canister of spent fuel and is capable of wet or dry loading/

unloading.

GA was contracted by DOE to study a universal canister which could
be loaded in the fuel storage pools at reactor sites and would subse-
quently interface with at-reactor dry storage, transportation, interim
storage, monitored retrievable storage, and repository receiving and
handling. The objective of the study was to develop an understanding
of the spent fuel inventory and use this as a basis for developing and
evaluating canister concepts. The goal of the study was to select a
canister concept for handling, shipping, and storing spent fuel so as to
minimize packaging and handling and maximize flexibility and standardi-

zation of interfaces and equipment.

The approach proposed by GA to meet this objective involved a com-

prehensive analysis of the physical inventory of spent fuel requiring

1-2
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packaging, handling, storage, and transporation. This detail knowledge
of the time—dependent inventory characteristics provided the basis for
a set of design criteria used to develop a canister within the multi-
element system. The analysis, using data provided by Pacific Northwest
Laboratories (PNL) and Oak Ridge National Laboratory (ORNL), converted
the burnup and decay age distribution into time-phased inventory dis-

tribution for heat load, gamma, and neutron shielding sources.

The development of the universal canister resulted from engineering
design and analysis of a canister/cask combination to meet the design
criteria while maximizing the payload within the constraints of the

system.

The universal canister would be loaded in the reactor pool, provid-
ing a standard package for all subsequent handling, shipping, and stor-
age operation. If consolidation was to be performed at an intermediate
storage facility, the consolidated fuel would be returned to the univer-

sal canister which would then be loaded into the disposal package.

DOE provided all PRDA contractors with a set of assumptions to be
used in the study. These included a definition of the reference and
alternate waste management systems, waste acceptance schedules for both

systems, and economic assumptions. This document, Ref. 1-2, provided
the basis for GA's study.

GA's study was divided into two tasks, systems analysis and con-
ceptual design. The systems analysis task included an analysis of the
spent fuel inventory and of the CRWM missions. The systems analysis
task provided the basis for developing the universal canister. The con-
ceptual design task identified requirements and developed designs and
cost estimates of the proposed canister system. The proposed system was

evaluated using economic analysis and feasibility studies.

This report presents the results of GA's PRDA program studies.
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2. THE TIME-PHASED CHARACTERISTICS OF THE NUCLEAR
WASTE INVENTORY

A detailed analysis of the time-—-phased LWR discharge fuel inventory
is an underlying concept of the GA's PRDA systems studies. This time-
phased inventory analysis has been carried out to determine a knowledge
of the statistical distribution of those inventory characteristics which
impact the transport and storage system design, particularly the payload
of a universal canister which can be used in this system. These results
may also be used to assess the relative inventory handling capabilities
of other systems and/or facilities such as those based on the DOE
reference design criteria (33,000 MWd/MTU, 10-year cooling) or, for

example, the REA~-2023 transport/store cask.

PNL has the responsibility for surveying the utilities to obtain
light-water reactor (LWR) discharge data related to current and future
spent fuel storage requirements. The current PNL data base was provided
to GA in late January 1985, and these results, along with additional
calculational results, form the basis for these inventory analysis
results. The detailed results of these inventory analyses are included

in Appendix A to this report.
GA's process involved expanding the existing data base to include:

1. The time-phased thermal and shielding source term data for the
entire inventory over the duration of the various missions
required for the selection of the canister design and mission-

specific storage and transportation element designs.

2. An assessment of the initial fissile distribution data
required for a comprehensive understanding of the actual cri-

ticality limitations imposed by the fuel inventory that may
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limit the achievable canister loading for intact fuel assem-

blies in certain mission applications.

The time-phased inventory analysis has been aimed at determining
the statistical distribution of those inventory-imposed constraints that
impact the universal canister payload capability in the various missions
considered. From the statistical analysis of the potential canister
limiting constraints imposed by the inventory character, a common figure
of merit was adopted whereby an acceptable canister size or configura-
tion was identified to meet >95% of all the inventory characteristics

that impact the optimum universal canister size.

The PRDA assumptions specify that 707 (by weight) of at-reactor
(AR) shipments to either the monitored retrievable storage (MRS) or the
mined geological repository (MGR) are rail and 30% (by weight) are truck
shipments. All shipments from the MRS to the MGR are by rail. All rail
shipment weights are limited to a 100-ton cask allowable from AR to
either the MRS or the MGR and 150 tons allowable from the MRS to the
MGR.

As a result, the inventory analysis focused on specifying an
optimum size related to a rail transport system including storage casks,
transport casks, and storage modules. The results from these analyses
were used directly in later specifying an overweight truck canister size
to be used in the truck shipment mode of transportation and/or storage.
This specification was also adaptable for use in rail transport, i.e.,
six overweight truck canisters in combination make up a2 rail transport

system.

The canister and cask studies have assumed that the universal

canister would have the following characteristics:

1. It would be used for transport and storage of both PWR and BWR

fuels, either as assemblies or as 2:1 consolidated fuel rods.



A different basket design is utilized for the two types of
fuel.

2, It would be contained in the same transport cask for both BWR

and PWR fuel transfers.

3. It would have a payload capability for transporting and/or
storing up to at least 957 of all fuel that requires trans-
port or storage over the time span of the various missions
involved, i.e., AR, MRS, and MGR. This includes transport and
storage either of assemblies or of the more limiting consoli-

dated rod transport and storage (where applicable).

More specifically, the canister size selection process involved
several iterative comparisons of canister payload capability and trans-
port cask weight analysis as impacted by the various inventory charac-
teristic distributions. A maximum canister diameter (maximum MTU capa-
bility) was investigated and determined from the composite of the

following technical considerations:

e Meeting the 100-ton cask weight with assemblies for >95% of
all inventory to be transferred from the reactors in either
the MRS or MGR missions.

° Meeting the criticality imposed constraints of keff <0.05,

based on the unburned MTU fissile eanrichment distribution for

>95% of the MTU inventory.

o Meeting the inventory heat load distribution in all missions
as a combination of burnup and age that would be expected to
result in a clad temperature limit of <375°C for >95% of all
fuel to be stored or transported as assemblies or consolidated
fuel.
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® Meeting the inventory gamma and neutron shielding source terms
in all missions, as a combination of burnup and age, that
would be expected to yield acceptable dose rates and the rail
transport cask weight limit for >957 of all fuel to be stored

or transported as assemblies or consolidated fuel.
Additional details of the impact of the inventory-imposed con-
straints on the selection of the universal canister storage and trans-

port system characteristics and optimization are given in Appendix A and

in Section 2.2. of this report.

2.1. WASTE ACCEPTANCE SCHEDULE VERSUS BURNUP AND AGE

2.1.1. Impacts Due to Age

The current waste acceptance schedules from reactors to either MRS
or repository shown on Tables 2.1-1 and 2.1-2 are based on an "oldest
fuel first” policy. This acceptance strategy results in a countinuously
decreasing decay age of fuel to be accepted at either the MRS or reposi-
tory over the time frame of the operations of either facility. For
example, the decay age of fuel to be transported and stored at an MRS or
repository that starts operating in 1998 will initially be from fuel
that was discharged from reactors in the 70's and aged 25 or more years.
Since the acceptance schedule exceeds the reactor discharge rate, the
average age at acceptance continuously decreases so that by approxi-
mately 2014 the age has decreased to 10 years and by approximately 2022

to about 5 or 6 years.

The approximate age at acceptance or emplacement for the base case,
a 1998 repository startup, is shown as a function of time in Fig. 2.1-1.
Scenarios involving a 1996 MRS facility accelerated start would lead to

even younger fuel being traunsported and stored.
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The destination and transfer strategy of fuel in the acceptance
schedule can lead to dramatic discontinuities in the fuel age distribu-
tion, as is also illustrated in Fig. 2.1-1. The age distribution of
fuel into the repository shown in this case 1is based on a 1998 backup
MRS startup coupled with an assumed eight-year delay in the repository
startup. Fuel is shipped to the MRS until 2006, after which fuel is
shipped both to the MRS and to the delayed repository until 2019. After
2027, the oldest fuel from the MRS is transferred to the repository.

As indicated, in this case, the age of fuel going to the repository
jumps from about 7 to 55 years. For this age transition the mean heat
load for fuel transferred would decrease by a factor of three, which
would result in a significant change in the choice and configuration of
an optimum repository package. As discussed in Section 2.4 of this
report, an acceptance strategy based on an age-burnup equivalencing to
more nearly levelize dose sources and heat loads would standardize and

simplify package designs and storage or disposal operations.

Figure 2.1-2 shows the time variation in heat load for fuel of
33,000 MWd/MT burnup for the delayed repository fuel age distribution
depicted in Fig. 2.1-1. This result suggests that alternative strate-
gies related to age at acceptance or transfer should be investigated,
particularly for scenarios related to an MRS followed by a delayed
repository startup if a variation in heat load would complicate

repository operations.

2.1.2. Burnup/Age Impacts

Table 2.1-3 reflects the actual and predicted spent fuel burnup
and age at emplacement according to the waste acceﬁtance schedule in
Table 2.1-1. Table 2.1-3, as well as other inventory related data in
this report, reflect a projected inventory of 124,300 MTU rather than
the currently specified 124,600 MTU. The original inventory data
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TABLE 2.1-3 (Continued)

45001- 60000 45000-60000 60000-6560600 606800-66000 REFERENCE CASE REFERENCE CASE TOTAL MTUS TOTAL MTUS TOTAL MIUS

BWR PWR BWR PWR YEAR RECEIPT AGE AT EMPL. BWR PWR BWR « PWR
1970 [} 3.00 (%] 9.00 °'1998° ‘28’ 8 23 28
1971 [ 3.00 [} 3.0 '1998°’ rer 48 22 ’0
1972 [} .00 <] 9.00 '1998° ‘28! 113 39 152
1973 [} 0.00n [ 6.00 '98-99' '26-28" 79 94 173
1974 Q Q.ve (4] 6.00 ’'99-90' '25-28" 231 209 4490
19756 %] 3.00 [ 6.60 ’'00-91°’ '25-28" 269 317 58A
1976 o ©.00 ] 2.00 '2001°' i 292 332 624
1977 ] @.00 [ 0.00 ’@1-02' '24-25"* 388 474 8na
1978 [ 2.00 2 0.00 ’'02-03’ '24-25° 3686 779 1148
1979 ("] 0.00 0 9.80 '2003° '24’ 442 747 1189
1980 [} 9.00 0 9.00 '2003° '3 601 628 1229
1981 ) 8.00 [} 0.00 ’'03-04’ '22-23° 468 130 1188
1982 2 0.46 2 2.00 '2004° '22’ 389 697 1086
1983 [} 9.00 [} 0.46 'B4-05' '21-22? - 510 861 1371
1984 [} a.90 ("] 3.08 '2005° ‘21’ 416 749 1165
1885 [} 0.00 [} 0.90 '2005° ‘20’ 453 1010 1463
1988 ("] 6.060 "] 9.00 '@5-08’ '19-28° 647 880 1527
1987 (] 0.00 0 6.80 '2'008' ’19° 628 1073 1701
1988 a 0.00- ] o.0e 'es-o1’ '18-19° 743 1320 2062
1989 [} 2.00 (") 9.46 '2007°' ‘18’ 743 1344 2087
1990 ] 0.00 [} 9.00 '20087° YA 768 1384 2159
1991 -] 9.00 (%] 2.00 ’'0a7-08° '16-17" 868 1390 2248
1992 [ @.46 ] 0.00 ’'2008° *16’ 774 1647 2321
1993 a 9.48 [} 0.00 '08-09’ ’16-18" 878 1670 2449
1994 o 0.00 [} 9.90 '2009°’ *16’ 910 1663 2573
1996 (') .46 [ 2.00 '09-10°' '14-18° 896 1604 2499
1996 [ .46 [} 2.90 ’'10-11’ *4-16" 980 1664 2644
1997 » 0.46 [} 0.06 '20211’ ‘14’ 954 1763 2711
1998 Al 2.48 [} 9.0 '2011°' *13’ 976 1623 2598
1999 " @ 46 0 9.0 '11-12’ ’12-13" 9486 1765 271}
2000 [ .70 ") 9.00 '2012° *12° 1078 1728 2803
2001 ® @ 46 [} 90.900 '12-13’ '11-12° 870 16786 2546
2002 4 o ap [} 9.00 '2013° "1’ 1180 1820 3000
2003 '] .46 [} 9.00 '13-14° '19-11" 1088 1888 297§
2004 ] @ 46 ] 9.00 '2014°' ‘10’ 1098 1941 3040
2005 2 @ 48 [} 9.0 '14-15' 'q-14’ 1359 2080 3439
2008 7] A AR -0 6.00 '2015° ‘a’ 1176 2053 3228
2007 [ LT ] 0.0 '15-18’ 'R-9° 1731 2119 3856
2008 0 0. 46 [} ¢.60 ’18-17° ‘A-9° 156817 2442 4009
2008 ] .00 [ ¢.00 ‘2017’ '8’ 1878 2971 4848
2810 ("] .46 [} .90 '17-18° '7-8" 1519 2886 4207
2011 4 .46 2] .60 '18-19° *7-8° 1898 2368 4266
20812 [} .46 [} 8.00 '19-20’ '7-8 1418 2687 4105
2013 [} 0.48 "] 9.00 '2020' '’ 1416 2376 3792
2814 ] 3.48 o 2.00 ’'20-21' 'f-1" 1887 2650 433/
2015 ] 9.46 [} 0.00 '21-22° '8-1" 1416 2480 3897
2018 [} 0.90 "] 9.00 '2022' ‘6’ 1584 2351 39365
2017 %] .48 [} 2.80 '22-23’ '6-8° 1843 2600 4242
2018 ] 9.46 "] 0.00 '23-24° '6-8°" 1600 2575 4174
2019 o @.46 '] 9.00 '2824° '6’ 1609 2556 4165
2020 (2] .48 "} 6.00 '26-28° '6-8" 1821 2562 4384
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provided by PNL to GA was based on the 124,300 MTU value, but was later
revised to the slightly higher value.

The projected burnup distribution over time for the reference PRDA
inventory assumption, as provided by PNL, is illustrated in Fig. 2.1-3.
The graphs show the fractional inventory less than the indicated burnup
value for all fuel discharged through the indicated years. As can be
seen, the mean burnup distribution in the earlier years of discharges,
e.g., prior to 1986, is relatively low. The projected burnup distribu-
tions after 1985 show some burnup extension but not dramatic increases.
Figures 2.1-4 through 2.1-6 show typical annual burnup distributions for
selected years which, in combination with the cumulative discharge
metric ton quantities, was used to make up the cumulative inventory

results shown in Fig. 2.1-3.

Combinations of burnup and age result in a time distribution of the
shielding source terms and heat load for fuel to be transported to, and
handled at, the MRS and the repository. As discussed in Appendix A, the
heat load and gamma shielding source terms have a similar age sensitiv-
ity, and both may accurately be assumed to be proportional to burnup.
The neutron dose distribution, which would impact transport shielding
design, has a lower age dependence but a much stronger burnup

dependence.

Figures 2.,1-7 and 2.1-8 show the time-phased cumulative inventory
fraction below the indicated neutron dose and heat load, respectively,
based on a 1998 MRS or repository startup acceptance schedule. These
cumulative distributions result from the previously discussed burnup and
age distributions coupled with the appropriate equations given in Appen-
dix A to convert inventory by burnup/age to inventory dose or heat load
distributions. The equivalent gamma source distribution is shown on
Fig. 2.2-4. The figures are based on "age at transfer” to DOE which
will occur at each reactor site according to the reference or alternate

acceptance schedules given in Tables 2.1-1 and 2.1-2.
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The values of 1.1 kW/MTU for the heat load and 1.9 x 108 n/sec-MTU
are indicated in the two figures and represent the appropriate values
for the nominally assumed reference fuel of 33,000 MWd/MTU burnup and
10~year decay. As indicated, the nominal design value heat load speci-
fication overall covers approximately 50% of the total inventory into
the repository or MRS. The nominal specification also results in about
the same inventory capability from a neutron dose standpoint as would

'apply for the transportation system.

As previously noted, the recommended values used for the neutron
dose (transportation) and heat load (storage) for the universal canister
system elements were based on a capability for handling 40,000 MWd/MTU
at 7 years decay for which the recommended values were 1.8 kW/MTU and

4.25 x 108 n/sec-MTU and which results in a 295% inventory capability.

The time-phased heat load distribution for an assumed 1996 MRS
facility startup for which the fuel is aged about two years less than
for a 1998 startup assumption was also considered. By comparing this
result with the result shown in Fig. 2.1-8, it was found that there is a
few percent (3% to 4%) inventory capability reduction for the DOE nom-
inal heat load basis if the earlier startup date is assumed. A similar

modest shift was also obtained for the neutron dose distribution.

As discussed in Section 2.3, an increase in the projected burnup
has a much greater impact than the impact due to a two-year-earlier

facility startup date assumption.
2.2, TIMPACT OF BURNUP AND AGE ON DESIGN BASIS

A statistical analysis of the referénce PRDA inventory characteris-
tics as supplied by PNL was carried out to determine the time-phased
inventory fraction with less than a given calculated shielding source
term (gamma and neutron source) and heat load. The source terms and

heat load distributions were determined as a combined function of the
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burnup distribution in the inventory projection and the decay age dis-

tribution at the time of transfer from the reactor sites.

Figure 2.2-1 shows the time-phased burnup distribution expected for
the reference PRDA inventory over two time intervals, i.e., for dis-
charges through 1985 and through 2020. Figure 2.2-2 shows the cumula-
tive fractional distribution of the age of fuel to be shipped over the
time—-phase for a repository or MRS startup in 1998 or into an integrated
RS starting in 1996. Time-phased burnup and age distribution were used
to calculate shielding source term(s) and heat-load inventory distri-
butions to define the overall inventory-imposed design constraints both
on the proposed universal canister waste system and on other systems as
well. The impact of extended burnup, over and above that assumed in the
PNL inventory data base, as proposed in certain EIA studies, was also
assessed and is discussed in Section 2.3. As detailed in Appendix A,
the heat load and shielding source terms were determined as a function
of the time-phased inventory burnup interval distributions and the
appropriate cooling age at the time of assumed transfer. The details
of the equations used for defining the source terms and heat load as a
function of burnup and decay age are given in Appendix A. These sim-
plistic, but sufficiently accurate, equations are valid for cooling
times of two years to 20 or more years and in general yield an accurate
estimate, or a slight overestimate, of the source terms or heat loads.
The equation fits to the available actual data, based on a heat load or
shielding source term per MTU, were picked to better fit the PWR data,
since the actual PWR values are somewhat higher than BWR values for a

given burnup and decay age.

Figures 2.2-3 and 2.2-4 show summary curves of the total cumulative
fractional inventory for discharges through the year 2020 as a function
of the fissile enrichment and the gamma source strength distribution
over several time phases. The gamma source represents the inventory
status through the year 2025 and implicitly includes the appropriate

distributions for all prior discharges and transfers at the time of
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transfer to a MGR or MRS with startup in 1998 as well as the last dis-
charges from reactor operations in the year 2020, which would be only
about five years decayed when shipped from the reactors in the year

2025.

As noted, the proposed universal canister design criteria are
expected to result in a 957 to 987 inventory handling capability for the
reference PRDA inventory assumptions. The proposed criteria would also
result in a 95% or greater capability for a 1996 MRS facility startup

date assumption.

In summary, the analysis of the time-phased inventory characteris-
tics leads to the following inventory-imposed design criteria for a >957%
inventory capability system:

° Unburned fissile fuel enrichment limit of 3.75% U-235 to meet
keff < 0.95.

° Heat load = 1.8 kW/MTU limit to yield fuel centerline tempera-
ture limit <375°C for consolidated rod loadings.

° Direct neutron shielding source = 4.25 x 108 n/sec/MTU for

consolidated rod loadings.

° Direct gamma shielding source = 4.5 x 1015 MeV/sec/MTU for

consolidated rod loadings.

As discussed later, these limits are consistent with a capability
for handling consolidated fuel of up to 40,000 MWd/MTU burnup at 7 years

cooling or equivalent.
It is important to note that the proposed system employing either

a single overweight truck canister, a single larger rail canister, or

six truck-type canisters that would comprise a rail cask system would
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incorporate a transport or storage system shielding design based on the

above design criteria with consolidated rods in all missions considered.

Less than 5% of all shipments from reactors to the MGR (or MRS) are
expected to be as consolidated rods based on the functions described for
the first repository in the March 6, 1985 PRDA analysis assumptions
(Ref. 1-1). The proposed rail transport cask, with shielding for con-
solidated rod loadings per the design criteria, would have a loaded

welght of less than 100 tons with assembly loadings.

For the very limited shipments of consolidated rods from the
reactor sites the proposed rail cask would be weight limited to less
than the full consolidated rod loading of 36 PWR/72 BWR. However, the
shielding design, based on consolidated rod loadings, would allow essen-—
tially a 100% inventory transfer capability under the 100-ton weight
limit for assembly shipments from the reactor sites to either the MRS or
MGR. A storage cask or module design based on the same consolidated rod
loadings and design criteria would be utilized so that a high inventory
handling capability results for all missions. The same rail transport
cask could be used at the MRS or the MGR for interim storage if neces-
sary and the same cask could be used for transporting consolidated rods
from the MRS to the MGR when full-scale consolidated rod shipping is
required. With the proposed system it would be feasible to perform rod
consolidation at fuel arrival at the MRS, for example, for >95% of the

arriving fuel over the time frame of MRS operations.

A system based on "average"” inventory-imposed characteristics,
e.g., 33,000 MWd/MTU 10-year decay, will be limited to aporoximately the
first 50% of the inventory for reference PRDA fuel burnup assumptions,
In that case, a second generation of casks would be required for the

balance of the inventory.
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2.3. SENSITIVITY OF BURNUP AND AGE ON DESIGN BASIS

2.3.1. Overall Systems Capability as Impacted by Burnup Extensions

A significant spectrum of age and age/burnup combination will exist
for the LWR fuel inventory as was discussed in Section 2.2 above. The
age of fuel to be transferred to an MRS or the repository will typically
vary from 30 years for fuel transferred in 1998 to as low as five years
for fuel transferred in 2025. An earlier 1996 startup of the MRS will
result in fuel being aged approximately two years less over most of the

time horizon relative to the base case of 1998 startup.

Within the overall spectrum of the inventory age characteristics
impacting the shielding dose and heat load, the potential impact of a
1996 versus a 1998 facility startup is not significant. However, if the
future PWR and BWR designs are based on extended burnup, the impact will
be large and a significant increase in the dose and heat load design
basis will be required if a high inventory handling capability is to be

achieved.

As discussed in Appendix A, the equations for both the gamma
shielding source term and the heat load source term assume that these
terms are proportional to burnup for a given age of the fuel. This
assumption is valid for these two terms but would not be valid for the
neutron source term, which increases more dramatically with increased
burnup and does not fall off rapidly with decay age. Thus, a signifi-
cant increase in burnup would mostly impact the neutron shielding
requirements,?particularly for transport of the fuel from the reactors
to the MRS or repository or, in the later years of operations at an
integrated MRS, for transport of packaged fuel from the MRS to the

repositories.
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Our PRDA evaluations have assessed the impact on the design basis
and the time-phased inventory handling capability for two fuel burnup
assumptions. These were (1) the reference PRDA burnup projections as
supplied by PNL and (2) an extended burnup scenario to approximate EIA
projected burnup. In the latter case 1t was assumed that the 1985
burnup distribution from the reference PRDA case was increased by 3.3%
per year for 1l years to 1996 for a cumulative increase of 437. From
1996 onward it was assumed that the 437 increased burnup remained in
effect. Figure 2.3~1 illustrates the variation in burnup for several
time phases for the two burnup scenarios assumed. Figure 2.3-2 shows a
plot of the mean heat load into the repository (or MRS) for the refer-
ence burnup and for the extended burnup. The extended burnup results in
a 437% increase in the mean heat load for fuel delivered after about

2012.

A time-phased statistical analysis of the neutron dose (primarily
applicable for transportation) and the heat load (primarily applicable
for storage or disposal) was carried out for both the reference and the
extended burnup projections. The resultant time-phased MTU distribu-
tions to these two terms were generated and used to estimate the inven-
tory handling capability for systems having differing neutron shielding
and heat load design bases., The two design bases were the customary DOE
basis of 33,000 MWA/MTU 10 years and the proposed GA system basis of
40,000 MWA/MTU 7 years. The neutron dose term and the heat load terms

for these design basis values are:

Current Proposal
DOE Basis GA Basis

Heat load, KW/MTU 1.10 1.80
Direct neutron, Nol/sec~MTU 1.9 x 108 4.25 x 108
Burnup/age 33,000/10 40,000/7

Figures 2.1-7 and 2.1-8 showed plots of the total MTU fraction with

less than a given direct neutron source or heat load, respectively. 1In

2-30

-



1€-¢

SPENT FUEL INVENTORY FRACTION

-
0.9-
0.8
0.7 -
0.6
0.5
0.4
0.3
0.2 -

0.1

0

/ / EXTENDED (EIA)
;o

e

<5

<10 <15 <20 <25 <30 <35 <40 <45 <50 <55
BURNUP, MWD/KG

Fig. 2.3-1. PWR burnup uncertainties predicted for discharges through 2020
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each case the cumulative MTU distribution is for all fuel discharged up
to the given year and for which the age into the repository or MRS would
be equal to, or greater than, the indicated value on the legend. The
values plotted in Figs. 2.1-7 and 2.1-8 were for the reference PRDA
burnup assumptions. Similar results for heat load are shown in

Fig. 2.3-3 for the extended burnup assumption as discussed above.

These results were used to determine the time variation of the
inventory handling capability of a system based on either the DOE design

basis or the proposed GA universal canister design basis.

An estimate of the actual inventory handling capability for an
acceptance schedule based on a maximum age of about 28 years at the
start of shipment to an MRS or repository with a 1998 startup clearly
shows that an extended burﬁup assumption would severely impact a system
based on the current DOE design basis. With extended buraup, such a
reference system would have a capability of only about 57% for dis-
charges through 1995, and the capability would continue to drop to an
overall inventory capability of only 207% to 25% for the cumulative
inventory discharges through 2020. For reference burnup conditions, the
current reference system would have an 807 capability for discharges
through 1995 with the overall capability being reduced to about 50% for
all fuel discharged through 2020.

The proposed GA universal canister design basis would have nearly a
100% handling capability for reference burnup. The overall capability
would remain at ~100% for discharges through 1995 for extended burnup
while the overall capability would be reduced to ~75% for all discharges
through 2020.

2.3.2. Impact on Integrated MRS Design Basis

The current acceptance schedule and shipments into and out of

an integrated MRS leads to a maximum storage requirement of only
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~21,300 MTU, which is only 17% of the total inventory. In the later
years of operation, incoming fuel will be typicallyAfivé to seven years
of age and the short holdup time in the integrated MRS will result in
fuel having about seven to 10 years or less of aging being shipped from

the MRS to the two repositories.

The current plans for the integrated MRS call for fuel consolida-
tion at the MRS prior to shipment to the repository. The relatively
high heat loads and shielding dose terms, particularly neutron dose, for
such consolidated fuel loadings could exceed current cask design limits,
requiring a reduction in payload. This would be particularly true if
extended burnup does occur. The universal canister/cask system concept,
which would be designed for much higher consolidated rod payload trans-
fers out of the MRS, would be particularly attractive in the later years
of operation of the waste program, particularly if an MRS is an integral

part of that program.

The annual discharge burnup distribution in the year 2010 for both
the reference and the EIA extended burnup assumption is typical of the
annual discharge burnup distributions to be expected for discharges over
the last 15 or so years of the MRS or repository operating history.
Figures 2.3-4 and 2.3-5 show plots of the neutron dose source term and
heat load for these two typical annual burnup distributions, with 5,
7.5, and 10 years aging assumed as bracketing the typical age range of
fuel coming into or leaving the integrated MRS. As can be noted, the
mean neutron source term increases dramatically if higher burnup occurs.
In both figures, the DOE nominal and the proposed GA universal canister
design basis values are indicated, and a dashed curve indicates the

inventory capability of each system for the indicated fuel age.

It is assumed that the indicated design basis for a given dose or
heat load per MTU includes a shielding or heat load capability for con-
solidated rods at the given design value for the annual shipments from

the MRS.
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Table 2.3-]1 summarizes the nominal design cask payload capability
for both systems for fuel transfers with reference burnup to the reposi-
tory. The DOE nominal values are for fuel packaged for burial to each
repository media while the universal canister design assumes that the
consolidated rods from the MRS will be packaged for burial at the repos-
itory. The DOE reference cask and payload data were derived from tab-
ular data given in Ref. l1-1. As may be noted, the overall cask payload
of the proposed universal canister system, when fully loaded, yields
that same payload as the reference system for the salt repository, 29%
more for basalt and double the reference value for the tuff/granite

repository.

Table 2.3-2 lists pertinent data including total cask heat loads

and neutron source strengths for nominal loadings for the two cask

design basis points. The highest values of cask heat load and neutron
source strength, based on the reference waste package rail cask with
loadings for a salt repository, are shown in comparison to the proposed
GA rail cask design parameters.. The proposed heat load values are ~507%
higher and the proposed neutron source strengths more than double the

reference values.

The table also summarizes the expected inventory handling capabil-
ity of the two different casks for the expected annual transfers from
the integrated MRS to the repositories in the later years of the MRS
operations. The range of values corresponds to a range in age of 7.5 to

10.0 years cooling as was illustrated in Figs. 2.3-4 and 2.3-5.

As shown, the reference system would be highly constrained par-
ticularly if ex<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>