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f EPRI/NPO 

Summary 
t 

• PerspectIve on the universal container (UC) system 

EPRI stuay overview i 
Simplified evaluation 

• Major factors in evaluation 

Waste pacKage and engineered barrier system 

Spent fuel acceptance, MRS, and transportation 
J
i 

Repository changes 
it 

At reactor storage 

A phased a~proach to implementation 

• Conclusion 
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f EPRI/NPD Changes Leading to ~'~ 
Universal Container System 

Consideration of more robust multi barrier waste disposal package 
could have malor benefit 

Potential for better public acceptance. 


Potential simplification of MRS and transportation 


• 	 "Pre packaging" improves ability to ship fuel from shutdown reactors 
without •se of the spent fuel pool. 

• 	 A sealed package has potential benefits in simplification of 

operations between the reactor and repository 


• 	 Adoption of ramp (decline) repository access permits larger packages 
to be oonsidered 

Steel cable and mine hoists limited waste package size with 
shaft access to repository 

.,w,s s J 
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  EPRI/NPD Feasibility Evaluation 
RP 2717-14 

Contractor- E.R. Johnson Associates. Inc 

, Barrie Mcleod and David Jones 

Period of performance: June 1991 to July 1992 

• Objectives: 

Present a preliminary evaluationof universal containersystem 

Identify issues to be addressed in a more detailed study 

• Focus: Evaluation of the multi element storage container (MESC) 
and multi purpose cask (MPC). Economic evaluation, and thermal 
loading tssues used the majortty of the resources 

The sealed MESC appearedto havemajor advantages 
because of time value of money and consistency with current 
storage practice. 

' HLW/SFS j 
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f EPRI/NPD 

Universal Container-MESC option 

Concept- The thin wall sealed "MESC" package is a central 
"nugget" that helps minimize fuel handling and simplifies storage, 
transport and disposal 

~ a l  ~rtlcal at or 

Reactor Transport MRS 


MRS Transport -~sposali~epositor, 
Different overpacks, 1-5. are supplied tailored to th~ unction amples: | 

Transportation-impac:, resistance; storage -low cost shielc / 
disposal-shield and corrosion resistance 

HLW/SFS " ~  
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f EPRI/NPD 

Lessons from Engineering Studies 
• Don't be misled by apparent Drecision of estimates. Scenarios, 

hardware concepts, and costs are highly uncertain. 

Difficult to project cost 5 years. Almost impossible 
years. 

over 40 

Three figures are carried to assist in checking consistency. 

• We examined end of spectrum cases to obtain bounds on results. 

100% MPC and 100% MESC scenarios are examples. 

• Lessons learned and insights from the study are 
than the detailed results. 

more important 

Philosophy: Strike a balance and don't try to prove all 
conclusions with detailed assessment. But check details 

• Purpose today to review results but emphasize the lessons from the 
~,,~wCOStand technical evaluation, not the specific numerical results 

hich will surely change as the UC system is evolved.HLW/SF S J 
RFW NWTRB 1 ! 93 - 5 

f EPRI/NPD 

Simplified e v a l u a t i o n  - A n  overview 
• Waste package and engineered barrier system 

Potential major cost increases anticipated 

Challenge: how to minimize 

• 	 Spent fuel acceptance and transfer- MRS and transportation 

Reduced shipments and simplified siting; total cost is small 

• Repository system changes 

Reduced number of packages. Significant changes in mining 
and operations. 

• At reacto; storage 

Easier transfer, Improved ability to ship from shutdown 
reactors. 

~ A phased approach to implementation 	 J 

Risks are different for UCS but appear manageable 
HLWISFS 
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Waste System Costs 

Cost category 	 Adjusted Reference MESC Savings item 
Reoositorv Svstem** 

Development & Evaluation $11.5 assume no change .0 
Benefit Payments .7 no change .0 
MRS Facil~ 1.8 1.6 .2 3 
Transportation 2.8 2.7 .1 
Repository Facilities 7.0 5.3 1.7 2 
Waste package (Defense HLW) .4 ,4 .0 
Waste Package(spent fuel) 4,2.** 7.3 -3.1 1 

subtotal DOE cost $28.4 29.5 -1.1 

At reactor storage (post 1998) .2 .0 .2 

Post shutdown reactor costs 2.600 3OO 2 3  4 


Total combined system cost 31.2 29.5 $1.6 


**Note: Waste package cost adjusted from $1.4 Billion to $ 4.2 Billion for 3 

inch DCI shielded, 1 cm Incoloy-825 2 MTU waste package. 

$1.6 Billion should be considered "breaksven" at this stage of study. 


f EPRUNPD 


Caveat 

It was beyond the scope of this study to deal with the potential 
effect of the UC system on the roughly $11.5 Billion Development 
and Evaluation costs. About $ 5 Billion is spent. 

D & E costs are heavily controlled by factors such as near term 
schedule, licensing, site characterization costs and exploratory 
shaft designs. 

The present study focuses on hardware and operational costs of 
the at-reactor system, MRS, and transportation and repository 
system. 

" HLW/SFS j 
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f EPRI/NPD 

1, Waste Package costs 

Package Description Capacity Unit Number Total 

(MTU) Cost ($ Billions) 

1. Thin wall Type 304 SS 2 $31,000 43,600 $1.4 

2. Thin wall Ino01oy 825 2 63,000 43,600 2.7 

3. Partial shield Incoloy/DCI 2. 96,000 43,600 4.2 

4. Incoloy / ceramic (C-14) 2.5 213,000 34,700 7.4 

Note a: Typical changes to package since SCP 

Note b: A $100 per kg fuel package. ($1 million 10 tons fuel) $ 8.6 

HLW/SFS j 
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f EPR,,NPO 

Waste Package Sizes 


The MESC and MPC reference package designs evaluated in this study. 
Economy of scale is significant to cost. There is room for further 
optimization of both MPC and MESC. 

Package Description. Avg.Cap. Unit cost Number Total cost 
MTU cost for 86.000 

Small MPC (9 PWR) 4.1 $ 600 K 21,000 12.5 

Reference MPC (21PWR) 8.7 680 9,940 $ 8.8 

Large MPC (32 PWR) 13.6 800 6,400 5.1 

Smaller MESC (15 PWR) 6.7 680 12,900 8.8 j /  

Reference MESC (24 PWR)10.3 860 8,430 "/.3 

i HLW/SFS 
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f EPRI/NPD 

Universal Container-MPC option 

• 	 The multi purpose cask (MPC)-storage, transport, disposal 

Initially more vulnerable to uncertainties that are resolved later in 
licensing (Example: Future transport, future corrosion barrier) 

MPC has higher initial capital cost ($1.5 Million to $ 500, 000) 

• 	 Study used cost bases consistent with German experience in serial 

cask production 


About 400 casks were produced for storing fuel for 
decommissioning the THTR pebble bed reactor at $ 5 per kg 

There ,s considerable room for optimization of the MPC and the 
transport overpacK and repository disposal overpack / 

There are a spectrum of designs between the MESC and MPC that Jdiffer in the thickness of the inner containment boundary 

~ ' ~  	 HLW/SFS 
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f EPRI/NPD 

Universal Container-Spent Fuel Assemblies 

• 	 Observations 

Transfer of spent fuel by "conventional means" is a permitted 
contract option. Truck casks wiU be required at some reactors. 
Intermediate size packages may be preferred at other stations. 

Some assemblies have a few rods with small defects of little 
significance to transfer and disposal. Others may have defects 
of sufficient size to requ;,~ special cannisters. 

Intermodal transport (barge to rail) an:l intermodal loading 
(small cask to large cask transfer) likaly to be the preferred 
solutic.n for some situations. 

• 	 Options ~ ; assist in reducing the handling of individual assemblies 

Small cask to large cask transfer- NP7459 

High Integrity Impact Limiter-NP-7528 ~. -

HLW/SFS j 
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f EPRI/NPD 
2. Repository Factors 

Smaller diameter - Easier 
emplacement 

22 Foot O=ameTer 

150 Miles $ 500K to 
$1M Dec mile 

$75 to 150 
Mdlton 26 foot hole 

Potenual cost only 
30 to 40 % of ref 

Shields plugs & 
holes $ 300 M I - Savings $0.5 to 

Reduce¢l $ 1 . 0  Billion 

~ 
tunnelling & 
bacXSII $100 to 
$ 2 0 0 M  

RF~N NW'TRO 1/93-13 
HLW/SFS j 
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Repository Factors 

• Savings in many small items result in repository cost being reduced 
from $ 6.9 Billion to $ 5.3 Billion 

The real cost effect requires more engineering study 

• Partial list of key factors- To be resolved by detailed DOE design 

What size package can be emplaced? 60, 100, 120 tons? 

What tunnel diameter for the emplacement drifts?14 to 30 ft. 

What thermal load, rock stress, period before backfill? 

What mechanical requirements on package during handling? 

What are operational effect of long period of repository heating? 

• My personal engineering judgement- Savings can be made. 
~ _  Magnitude is very uncertain. 

HLW/SFS j
RFW NW'rRB I /93-14 



f EPRI/NPD 

3. Transportation and MRS 

• 	 Study results- 

Total cost of MRS and Transportation about $ 4.2 Billion 

Study suggests we might save about $ 300 Million 

• 	 Lessons and Observations 

In this case a significant quantity of fuel(45%) was handled 
with conventional rail and truck casks, so conventional cask 
fleets ana handling facilit ies were required. ( 1 MRS line) 

At present transportation and MRS costs do not appear to be 
large enougn to drive the total system cost tradeoffs. 

The effect on public acceptance in terms of fewer 
shipments, and more robust disposal package is as significant 
as the cost in the opinion of this engineer. 

P-FW Nv~r RB 1 / 9 3 - 1 5  

f EPRI/NPD 4. At Reactor Storage 

Backg round 

Recent experience indicates the availability to shutdown the 
spent fuel pool and give up the Part 50 NRC reactor license 
has a strong effect on costs at shutdown reactors. 

The ability to store at reactor and rapidly ship off site during 
the post shutdown period has a significant effect on costs 

- - 	 Inter utility equity iss=~es suggest shutdown reactor fuel 
shoutd not displace opmating reactor t:uel in the 
acceptancn .~e,~_ ~~='nce. 

Offsite shipment of shutdown reactor fuui at the presently 
allocated time was estimated to save $2.3 Billion. This 
results from roughly 1100 reactor years of reduced staffing 
from eariier closure of the spent fuel pool. 

HLW/SFS j 
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f EPRI/NPD " 

5. Implementation Strategy 

Phase 1 Phase 2 Phase 3 Phase n 

1992-6 1996-2002 2003-10 

• 	 Phase 1- Accept existing fuel types plus MPC plus MESC. 

Move to license for storage and transportation. Set envelopes 
that will accommodate future changes 

Accept the risk that some MESC and MPC may not be 
repository capable 

• 	 Phase II- A mark II design for MESC and MPC that is likely to De 
repos~ory acceptable. 

Reduceo numbers of truck and conventional rail casks 

Phase III- ReDository requirements confirmed.- Improved designs 

HLW/SFS j
RFW NWTRB 1 1 9 3 - 1 7  
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EP. NPO Conclusion 

• 	 EPRI evaluation found the UC system attractive 

• 	 Major advantages included 

Simplification and reduced handling due to sealed containers 

Storage advantages at reactors and at MRS 

Potent=al for repository savings 

Savincs in more rapid offsite transfer at shutdown reactors, 
with transfer not requiring the use of the spent fuel pool. 

Minimtzation of the costs of the more robust package. 

Preliminary evaluation encouraged a DOE study, and adoption of 
the UC system as a spent fuel acceptance option. 

~ ' ~  	 HLWISFS j
RFW NW' rR8  1 / 9 3 . 1 0  



Back Up charts 


f EPRI/NPD '" 

Present Value of System Costs 
Cost 1990 reference adjusted ** PV 
Category Repository System Ref System @3%. 

Development & Evaluation $11.5 $11.5 $ 8.4 
Benefits Payments (State & local) .7 .7 .3 
MRS Facility 1.9 1.8 .9 
Transportation 2.8 2.8 1.1 
Repository (except waste package) 7.0 6.9 2.5 
Waste Package 1.7 4.6** 1.5 

Sub Total $ 25.6 $ 28.4 $14.7 

Utdity at reactor storage .2 .2 .1 
Post shutdown Rx Costs 2.6 Z~_ 9 

Total $ 28.4 $ 31.2 $15.7 I 
I

**Note: Waste package cost adjusted from ~.4 Billion to $ 4.20 Billion to J 
ect the cost for 3 inch DCI shielded, 1 Incoloy-825 2 MTU package.,) 

J 
HLW/SFS
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f EPRI/NPD 

Waste System Costs 

Cost cot~lm~/ Adjusted Referees MESC UC Sav~ngsUC 

• * Sv~em from AdO P~f. 


Developmo¢4 • Evolustion $11,61U Imm no chge 0 

Benefit Poymmlo U 7  no change 0 

u m  Fm~y I~NI2 1,~J4 196 

Transpmlmion 2,eao 123 

Ftepoetoey Fac~Jmee 6,979 5,3~:6 1,673 

Waste m ( D m ~ e  HI.W) 4aO 400 0 

Waste P ~ o p o e q  fuel) 7.27S 


eUlllml ~ cost $20,3~ 29,4m -1,002 

At reactor storoge (POSt 19qlm 2O0 0 20O 

Poet shutcl~arn roactcw come 30~
uoo 
Total t o m . n i l  system cam 31,1N 29,491 1,608 

*'Note: Waste Docimge colt acliuste¢l from $1.356 Bllll~t to & 4.190 Billion to reflect the coot for 3 

Inch IX~ shlotdoci, 1 cm Incoloy425 2 IdTU waste 


The owmil Incentive, $1.6 Billion in this c u e ,  could ees~ly U view~l m near brlmimven. 

RFW NWTRB |/93-21 

f EPRI/NPD 
Package economy of size 

When a more costly (or robust) package is considered, cost is reduced 
with a larger package. 

Thick wall steel, DCl, or 

multi-layer material 


Typical Thin wall 
 Rati3~payioad to wt Stainless stool or 
copper alloy- SCP 

/ 

Wall ThickS//ness 0.5 Inch 
Radiation 10,000 r/hr 

Waft Thickness 10 Io  14 inches 
Radiation 50 Io 100 mr/hr 

HLW/SFS j 
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f EPRI/NPD 

Technic Issue Areas 

Repository Thermal loading 

Operational Issues- Access & Equipment In drifts 

Thermal limits before backfill 

Waste package and spent fuel temperature limits 

- - UO2 temperature limit to avoid becoming U308 

-- Cladding temperature limits 

Utility interface and MESC design criteria limits 

Criticality / Burnup credit + 

Structural requirements/ g forces etc for transport 

Closure- welding or bolting; welded currently licensed ) 

HLW/SFS 
~F'W NWTRB 1 / 93 - 23 

f EPRI/NPD 

Technical Issues-2 

Waste Package licensing validations 

Corrosion lifetime/validation- Recall NAS review 1978-80 
investigating borosilicate glass as a waste form. 

Experimental validation methods 

Analogs for metals and ceramics 

Characterization of corrosion environment 

Mechanical Design~Structuralloading 

Storage, transport, disposal will add some requirement, 

likely increasing costs for storage. 


HLW emplacement and accident loads:need TBD 


HLW/SFS j 
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Technical Issues-3 

System Integration related issues 


Configuration management 


Closure & welding 


JHLW/SFS 
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f EPRUNPD 

Technical Issue Areas 

• 	 Repository Thermal loading 

Operational Issues- Access & Equipment in drifts 

Thermal limits before backfill 

Waste package and spent fuel temperature limits 

- - UO2 temperature limit to avoid becoming U308 

-- Cladding temperature limits 

• 	 Utility interface and MESC design criteria limits 

Criticality / Burnup credit 

Structural requirements/~ forces etc for transport 

Closure- welding or bolting; welded currently licensed 

HLW/SFS j 
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f EPRI/NPD Technical Issues-2 

• 	 Waste Package licensing validations 

Corrosion lifetime/validation- Recall NAS review 1978-80 
~.. 	investigating borosilicate glass as a waste form. 

Experimental validation methods 

Analogs for metals and ceramics 

Characterization of corrosion environment 

• 	 Mechanical Design/Structural loading 
r 

Storage, transport, disposal will add some requirement, 
likely increasing costs for storage. 

HLW emplacement and accident loads:need TBD 

' ' HLW/SFS j 
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Technical Issues-3 

System Integration related issues 
-	 Configuration management 

Closure & welding 

HLW/SFS j 
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Backup information 

from the 


Feasibility Evalution 


Universal container technical issue areas 

Detailed cost breakdown-repository and MRS 

Text of Executive summary- EPRI study 

NP-7459 Conceptual Design for an Onsite 
Spent Fuel Transfer System, Sept 1991 

NP-7528 Conceptual design of a High integrity 
Impact limiter .... September 1991 



Repository and Waste Package 

Cost Factors 


Federal Waste Mgmt Adj Ref. MPC MESC 
Cost Category System System System 

Waste Handling Building 
Construction 230 100 100 
Operations 792 396 396 
Decommissioning 22 10 10 
subtotal 1,044 506 506 

Surface support Facilities 
Radwaste 83 21 21 
Maintenance 296 256 256 
Other Facilities 1.S39 1,540 1.S40 
subtotal 1,91 8 1,81 7 1,81 7 

Subsurface Excavation 
Shaft and pillar 19 19 19 
Emplacement Panels 553 365 349 
Borehole development 491 142 142 
Excavated Materials Hndl 63 43 41 
General Maintenance 160 160 160 
Spent fuel emplacement 233 123 112 
Defense HLW emplace. 97 97 97 
Performance Confirmation 4 4 4 
Backfill shafts and ramps 12 12 12 
Backfill Panels 139 89 89 
subtotal 1,771 1,054 1,021 

Underground Facilities 
Mining Equipt Maint 590 336 306 
Other support Facilities 450 450 450 
Utilities 141 141 141 
Monitoring 236 236 236 
subtotal 1,417 1,163 1,133 

Grand Total Repository 6,979 5,369 
I i i I i 
i m i m I 

5,306 

Waste package/MPC/MESC 4,590 7,196 7,676 



Summary of MRS and Transportation 

Cost Factors 


Federal Waste Mgmt Adj Ref. MPC MESC 
Cost Category System System System 

MRS Scenario 1- 100% at reactor MESC or MPC 
Construction 354 282 282 
Operation 1,484 845 974 

Decommissioning 24 6 14 
subtotal 1,862 1,133 1,270 

Transportation Scenario 1- 100% at reactor MESC or MPC 
Shipping & Security Rx 513 324 284 

From MRS 571 952 779 

CaskJOverpack Capital Rx 373 114 307 
from MRS 132 101 190 

Cask/Overpack Maint. 243 64 52 
from MRS 92 46 40 
Cask Maint Facility 582 291 291 

Defense HLW Transp 297 297 297 

Subtotal 2,803 2,189 2,240 
m u m  m D m D  m m l m m m  m h a =  



Summary of MRS and Transportation 

Cost Factors 

MRS Scenario 2- 55% At Reactor 
Federal Waste Mgmt Adj Ref. MPC MESC 
Cost Category Svstem Svstem Sv~tem 

Construction 354 304 331 
Operation 1,484 930 1,313 
Decommissioning 2_44 9 20 

subtotal 1,862 1,243 1,664 

Transportation Scenario 2- 55% at Reactor 
Federal Waste Mgmt Adj Ref. MPC MESC 
Cost Category Svstem Svstern System 

Shipping & Security Rx 513 513 513 
From MRS 571 952 779 

I V  Cask/Overpack Capital Rx 373 129 181 
from MRS 132 101 190 

Cask/Overpack Maint. 243 128 243 
from MRS 92 46 40 
Cask Maint Facility 582 437 437 

Defense HLW Transp 29"/ 29__Z7 297' 

Su btotal 2,803 2,603 2,680 
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EXECUTIVE SUMMARY 

Universal Container System 

The purpose of this re~ort is to present a preliminary evaluation of the Universal 
Container System (UC system), anti to identify issues that must be eclclressea by me 
utility maustry, the Deoartment of Energy, and the U.S. Nuclear Regulatory 
Commiss=on in order to l:)ermit a decision to be macle regarding the universal 
container as a spent fuel storage and transfer, transport, and disposal alternative to 
me current s~ent fuel management anal disposal system. 

As oresenW envisioned, the UC system is an integrated system in which spent fuel 

assemoties would be toaaea and sealeO in multi-assemDly containers at reactor sites 

or at the first DOE receMng facility. ~ would thereafter be stored, transl~ortea and 

finatty pieced in a repository for final clisposal without ever reopening. This class of 

containers include the Multi-Purpose Cask (MPC), which is fully shieicleo, and the 

Multi-Element Sealed Canister (MESC), which makes interim use of vanous types of 
low cost snieicling until just Defore final repository disposal. 

t-~e MPC form of the sealed multi-assemDty container_is a thick-waileu, tuIIv..snielde~ 
container. holding 6 to 10 MTU of spent fuel. -Th-e cask°l~o0'y carft3e made of i@aa 
and stainless steel, or monolithic ferrttic steel, or ductile cast iron based on cost and 
transportation and diSl3OSat licensing considerations. The MPCs are similar to casks 
usecl for storage at Virginia Power, or for rail transport of spent fuel in the U.S. 
The MESC form of the seaJea multi-assembly container is a relatively thin walled spem 
fuel storage Ioasket containing 6 to 10 metric tons of spent fuel similar to the MESCs ~n 
the nonzontal concrete storage module system (NUHOMS) or the vemcal concrete 
storage cask (VCSC). For final disposal, the corrosion protected MPC and the 
snieiclecl, corrosion protected MESC are placed horizontally in repository drifts, w~cu:  
the need for tunne/;~loor I~orehotes. Because of size ancl weight, both MPC and 
MESC ¢isposat packages recluire a declining ramp for access to the repository 
em~x~cement horizon. 

Evaluation of the UC system consistect of technical, ol3erational, cost and institutiona= 
com~ansons of the MPC &nO MESC versions of the UC with the current utility ancl 
DOE waste management and disposal system. The current system can ba 
cnaractenzed as a series of system functions (storage, transport and aisposaJ) in 
which the point of transfer between functions is, as a defacto design policy, the 
smallest common unit of waste, the individual fuel assemDly. The containers needs0 
for eacn function are thus ol:~timized for that function alone, and are unloaded for 
transfer to me next step in the process. Until recently, the reference waste package 
was a small inexpensive, thin-wailed container, designed for emplacement in borenotP 
~rilted in the floor of the rel3ository emplacement drifts. Recently, more rotcust 
~orenote packages nave ¢~een constderecl. 



~ e c ~ r J e  ~u r~ r r~ rv  " 

Technical. Operationa~ an(] Cost Comparison 

-he eva~uate0 benefits of using tl'~e UC system lnclucte mator reoucrJons :n waste rtem 
~,anc;t~n~s, ana improvea integration t~etween tl~e utility ano DOE systems ano wrmin 
:he DOE system. In aacl~on, tt'te very robust UC waste packages re0resent a m~or 
morovement in the engineerea barner anti have the prospect of reauc=ng u~e impact 
3f uncena=n~es in the nzcLJrat barner system. The offset of these oenefr~ ;s some 
~ncertaznty as to the f in= licensaloility of the small fraction of containers/waste 
;acKages that must be ioaaea prior to the final licensing of the waste package. 

With respect to costs, t~e aforementioneO hanclling aria operational improvements of 
the UC system result in a recluction of S2.0 to $2.9 biUion in the total life cycle costs 
other t~an waste package costs. The UC system waste package costs excee0 l~e 
~orenole waste package costs by $2.6 to $,3.1 billion, sucl't that the net c,=st clifference 
within the DOE portion of the system ranges from $0.3 billion in favor of tlne UC 
system to $1.1 billion in favor of the current system. However, when the $2.5 to $2.8 
~zttion cf es~ma~ea utility, system sawngs with tl~e UC system is inctuQea. :he esumatea 
:vera~t system costs favor the use of the UC system by $1.4 billion to $3. i ~illion 
vvn=cn =s 5% to 10% of total system costs. Within the UC system, the MPC system is 
;ess ex~ensNe than the MESC system by the orcler of about $1 billion. The oases for 
~,nese overa=t cost clifferences are further clescnbe¢l in the following. 

Com/Jined System Cost 

j ,  The cost of the UC system was comparea in nine major cost categories for a single 
repository system disposing of 86,700 MTU of spent fuel. The waste package cost in 
the reference system was aclluste¢l to the miclrange of current cost estimates for a 
nominal 2 MTU waste cackage with robust corrosion barriers. Results fc," one of 
several cases, the UC system fuel utilizing MESCs, are shown. The MESC o~t:on 
m=nimlzes near term caortai costs, ana Ioermrts the selection of the sn=etc~ng ana 
::rros~on t~arner material to be aetayea until after repository licensing. 

S-2 




~.xect.mve Summary 

Cost Category Adlustecl Reference MESC UC Savings UC 
Reoomtorv Svztem 	 From Adh Ret. 

Oeve~ocment & Evaluauon 
Benent Payments 

$11,508 
657 

Assume No Change 
NO Change 

0 
0 

MRS Fac,ity 1,862 1,664 198 
Transportation 2,803 2,680 123 
Rel:ository Facilities 6,979 5,306 1,673 
Waste Package (Defense HLW) 4OO 40O 0 
Waste Package (Spent Fuel) 4.190 7.276 

Subtotal DOE Cost $28,399 $29,491 $-1,092 

At-Reamer Storage {.Post 1996) 150 0 150 
,most Sh,Jtaown Reactor Cc.sts 2=,600 300 2,300 

Tota~ Com~)=nea System Cost 31,149 29,491 1,358 

*Note: 	 Waste Ioackage cost adjustecl from $1.356 b!ilion tc $4.!90 ~i!!!~.. -, te refle~ 
the cost for 3 inch DCi snJela~-., cm Ir,_::..:v-82~ 2 MTU ':~st~ p..3cK:ge. 

Repository, MRS, Transportation and A t-Reactor Costs 

Review of the total comloinecl system cost shows that $2 to $3 billion savings in the 
non-waste-package portion of the DOE waste management system. ;"here are 
potent=al reauctions in m~ning costs, the costs of waste package emDiacement ana 
sim[:tificauons to the MRS ana the transportation system. In aaclition, me al:}ility to 
remove ana store the spent fuel inventory from the pool of a reactor wnich has 
shutclown, ana av~icl the operating costs of the pool ana the maintenance of the 
reactor opersting~cense ana staff, has a potential $2.3 billion aavantage to utilities, 
althougn this potential avoiaed cost is 10 to 30 years in the future. 

It shoutcl also be notect that the scope of this ~.,tucly ciicl not t:)ermit evaluation of the 
effec', of the UC system on Dotentlal clevelooment ana eva.,uat=on costs. While 
al:}l:r ;ximately $..= billion =n t .... cost c~-~.~c~, has t~een spent in the ~enocl 1963 to 
1992, approximately $6.5 ~ .~ reread: ~ to be spent in securing a repository 
constru~on permrt. It wa. = ~yonci the scope of the stL;.:y to cletermtne the effect cf 
the c C systerr -'~ progra, ~ 3nt encl costs such as site charactenzatJon, exploratory 
sna~ facility, ana license a~ cation. 



~.xecur, Ne ~umrnary. 


Borenote Waste Package 

The oresent oorenote reference waste Dockage design noiOs aoo~ 2 MTU sDent fuel. 
and ~s a tnm wall Type 304L stainless steel design with a wail 3/8 incn thick, diameter 
3f 28 incnes and a length of 16 feet. Total cost for 43.600 packages ~s $1.35 billion. 
- - is  =ncrea.=es to $2.7 billion when fabric'~ted from Incotoy-825. or $3.1 13illion of high 

:w co~c~.r is used. To Drovtae some shielding the adjusted reference system 
p~ckage snown above inctucles a 3 inch thick PC| shield, with the to',=~t DacV, age cost 
esumatea at $96,000 or $4.190 billion for the current program. A recent ~resemmion 
to the EPA Science Advisory Boarcl showed a 2.5 MTU package with a ceramic layer 
at a unit cost of $213,000, or a total program cost of about $7.4 billion for a single 
repository system disposmg 86,700 MTU spent fuel. Thus ~ e  cost uncertainty for the 
smaller (2 to 2.5 MTU) package is in the range of $1.35 to $7.4 billion oepencling on 
:he corromon barrier and shielding finally selected. 

MESC ant1 MPC Packages 

The stuoy evaluated a number of different ca,oacity MPC and MESC ,vaste packages. 
:ecause the container cost per MTU decreases approximately as the ~nverse square 
root of the 10aytoaO. The most economic waste package is thus the Jargest package 
that can t~e Ioaclea, transported, emplaced, and not exceed reposnory ~t~erm..a! limits. 
The reference MPC and MESC operations had-waste package costs c.f $6.@ anti $7.3 
0~tl=on respectively using DCI, a low cost structural srlietding matenal. The roloust MPC 
or MESC costs assume economies of scale are achieved with procluc:ion of 250 casks 
per year. _¢Jcn that costs are reduced to about $500,000 for a nom=na= 100 ton metal 
cask, from ~bout $900.000 for small procurements. The costs of the MESC and MPC 
are titus likely to be in the range of $6 to $9 billion, cle~oencling on whether tl~e lower 
cost DCI can be licensed, whether shielding thickness can t~e recluceo below 13 
inches. ~he tl~ickness anti cost of the corrosion barrier. ~ackage we,go anti thermal 
iim=ts, and other design tracleoffs. 

The cost of an expensive alloy such as Incoloy-825 as a corrosion t~amer has a large 
effect, particularly'i~ small packages. The addition of a 1 cm Incotoy-B25 as a 
corrosion t~arrier aclcts about S1.7 billion to the MPC or MESC system. The same 1 
cm Darner on 43,600 2 MTU packages adds about $3.0 billion. Each reference 
package ~n this study has a I cm Incotoy-825 corrosion barrier. 

Overall O/~erational and Cost Summary 

In summary, the basic operational tradeoff that would be made when using MPC or 
*4ESC-basea systems can be characterized as trading off the design and operational 
~.;o~tems o t remotely and repeatedly handling over 2B0,000 inaivicluai radioactive fuel 
assemblies, for the design and operational problems of the contact hanclling of less 
than 10,000 sl~ieldecl large heavy packages. The corresponding cost tradeoff can be 
ct~aractenzecl as trading off the costs of repeatedly hanaling and containing many 
~ncliviauaJ fuel assemblies, for tl~e costs of fabricating large metal CASKS in a 
conventional (non-raaiat~on~ inaustnai environment. The overall cost conclusion, which 
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5.xocutrvo ~ummary 

-efte~s uncertainties =n ~otn the real~.auon of system ol=erauona~ bene~s, and ~e  
~tima;e oemgn and cost of waste packages and ~.'ros=on ~amers. =s ~at  it is 
~,ro=a~e that tota~ comoinea ulJlity and DOE system costs w,i be ~ess wnen MPC or 
MESC-basea containers are usecL as compared to me current acliuste¢~ reference 
system. 

Tecnnical anti Programmatic Factors 

Recognizing the uncertaimies in the disposal system life cycle costs and sct~edule, the 
evmuation of advantages and disadvantages of the major features of the UC system 
can I=e equally iml=ortant in arriving at a conclusion on tl'te overall merit. There are a 
number of tecnnical and programma~¢ factors trtat have received preliminary review. 

Waste Package Thermal LJ'mirs 

~ e  ,,merino= analys=s ~nciicates pacKagEs may reQu=re 30 to 50 years of l~ost clisc~m'ge 
c3~ng, ~art of wntcn coutcL be in the rel:}osnory emolacement ctrfft. ~efore the 
:eoosr~ory c:r~ can be closed an(: bacKfiUecl. Aclcl~onal stucly of this ~ssue is recluireo 
Oecause of the strong influence of repository thermal limits on feasible package size, 
ano *,t~e signrficar'.ce of the larger package s~.es to the preferred reac~or storage 
system sizes. 

Waste Package Performance Differences 

It is ioelieveo that the very robust MPC/MESC waste 1Package design assumecl in this 
study, although more ex~ensive, would also I~ave superior disposal isolation 
performance in comparison with the smaller Ioorenole package. The substantially 
unsmelclecl borel'~ote waste package titus appears consideramly more vulneraDle to 
major cost increases caused by an improving definition of performance recluiremems 
as waste I~acKage design and ticens=ng progresses. Thus, a cntic~u comparison of the 
~vaste ~acKages ShOUld focus at least as much on the smaller unsn=eicled waste 
package as on the MPC/MESC waste package. 

Transition to the UC System 

.There is un...enaln~ in the final design of the MESC or MPC untit the repository 
package Js licensed. Present results ~clicate that because the majorm/of '~e.~,, f~jet is 

t
storecl i~ water Doot$, the s=)ent fuel ,. :entory that wdl be ~ackageo for ¢try storage 
pnor to ;epository license approval w~I[ amount to 7,000 to 10,000 MTU. This is only 
10 to 15% of the fuel that wiU ultimately be dis=osecl. The remaining 85% can thus 
adopt the licensed repository waste package at the time of transfer to DOE or dry. 
storage. 

http:signrficar'.ce


-~ec¢,~e S umr~lrv 

OperarJona/ Benefits 

The ooerauonal I~enefits of seated coma~ners in storage, transoo~ and cisDosal 
appear to nave a nigh ~:rol~aoility of reat~.ation, independent of any c : n ~ n e r  changes 
:nat may ioe reclu=rea as a result of waste package licensing, 1=ecause these uenefrts 
derive ortmanly from the snielcled contatner concept, as ctistingutsneo from its sDec~c 
3esl~rl. 

Licensing issues 

The present NRC requirements for the waste pact<age are sl~ecified in three different 
regulations for storage, transDort ancl disposal, ancl aclministerKl by three different 
offices within NRC. Some streamlining of this actwity for MPC or MESC UC licensing 
would be in the puiolic interest in order that these potentially beneficial tecnnotogies 
wou~d not be at a clisaovantage in the safety review process. 

/nsr/tutionai Factors 

Although tt is a somewnat intang=bte factor, it alopears that the slmDlic,¢/of the MPC 

concept, including its massive roloust nature and the intuitive association of rot3usmess 

with safety, gives the MPC-based system the greatest prospect of pumic credibility. 

This factor may -=. the greatest significance tc :he =;ulolic in the ," ,-".. 
,,c=,,,,y of MRS or 
~e#_~_~to~ s~tes -'~e sea!eel heavi!y shie!ded MESC may also read t~es =. .~eme.~.s tc 3 
somewhat sine. ?gree. ---

Conclusions and Recommenclatlons 

The results of this stuOy indicate that the Universal Container system =s =nherently 
more simple and t~etter tntegrated than the currem system, and ~rooat~y has a lower 
overall cost. panxcularly if there are further delays in repository stanuD. -'he Universal 
Container system also results naturally in a very rot~ust waste package, ennanctng the 
prosloective 13erformance of the engineered barrier and making overa=l learner 
performance less se~srtive to uncertainties in the natural bamer. 

Although these results are promising, this evaluaTJon is not claimed to ~:e of sufficient 
depm to justrly an immecliate recommendation to aclopt me Universal Conta=ner using 
MPCs or MESCs as a co-equal alternatrve within the current DOE program. Therefore. 
the primary recommendation from this work is that an early and more definitive 
evaluation t0e conducted to support a formal DOE decision on the adopt,on or 
relect=on of the sealed container technologies as co-equal alternatives to the current 
system. This evaluation, which would include the specific issues identified alcove, 
would ideally include the participation of DOE transportation, storage, waste 13acl~age 
anti repository personnel. The resulting decision woul¢l prmnde a reasoned ancl 
documentecl basis for proceeding with, or rejecting these technologies. In the event of 
including ermer or born of these technologies as co-equals with the current system, 
the sutoseauent aDpticatton of systems engineenng principles will provtoe the 
systematic reasonecl approach necessary to suDport the ultimate aecxsion t:etween 
MPC cr MESC-baseo systems and the current system. 
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Conceptual Design for an On-Site Spent-Fuel 

Transfer System 

Use of an on-s i te  smal l -cask  t ransfer  sys tem can enab le  many  plants 
wi th rest r ic ted plant  cask  hand l ing  capab i l i t y  to s tore fuel in large, effi- 
c ient  s to rage  systems.  Th is  project  deve loped  concep tua l  des igns  for 
both a wet  and  a dry t ransfer  system and s h o w e d  them to be techni-  
cal ly feas ib le  and  cost-effect ive. 

BACKGROUND Utilities need to store spent fuel on site until DOE will accept it 
for disposal sometime after 1998. The technologies developed for storing fuel in a 
dry environment outside the reactor storage pool generally use very large, heavy 
casks or canisters in an effort to increase capacity and improve economics. How- 
ever, because many plants have crane or space limitations, these efficient, large 
systems cannot be used. This project explores the feasibility of using a small-cask 
transfer system to overcome existing plant limitatior,~. 

OBJECTIVES 
• To evaluate a range of potential designs for small-cask transfer systems. 

• To produce conceptual designs for the preferred concepts and to perform opera- 
tional and economic analysis in sufficient depth to determine feasibility. 

APPROACH Researchers screened a range of wet and dry small-cask transfer 
systems for technical and economic feasibility. They then selected the most prom- 
ising ary and wet concepts and developed conceptual designs for them. The de- 

~;= signs were then analyzed for licensability, operational considerations, technical 
complexity, and cost. The designs were measured against criteria developed in 
a previous EPRI report, NP-6425, Design Considerations for On-Site Spent-Fuel 
Transfer System 

RESULTS Both the dry and the wet conceptual de.',igns were judged technically 
and economically feasible and met the design cr~taria of report NP-6425. The wet 
system was deemed to be less complex and of slightly lower cost than the dry sys- 
tem. For the dry system, a top-loaded cask with a bottom unloading plug valve was 
designed. The most difficult design challenges were providing adequate seals dur- 
ing the transfer operation and keeping the weight of the four-element PWR transfer 
cask below the desired 30-t limit. 

EPRI PERSPECTIVE Although this small-cask transfer system was designed to 
move fuel from a storage pool to dry storage, the concept has the potential for 
much broader application. Utilities may use it to provide their dry storage system 
with rcsovery capability in case the reactor is .~hut down or decomm=ssioned. Addi- 
tionally, the concept may be usea to transfer fuel ~rom on-site storage casks to 
DOE transport casks at me t~me DOE begins to receive fuel. DOE may also have 
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•use for the concept as a tool to enable earlier or more flexzble access to 
an approved mon=tored retrievable storage s=te. To verCfy the overall prac- 
t icality of the concept, follow-up work, including detailed design, fabrica- 
tion, and demonstration, is recommended. 

PROJECT 
RP2813-25 
Project Manager: Ray Lambert 
Nuclear Power Division 
Contractor: Transnuclear, Inc. 

For further information on EPRI research programs, call 
EPRI Technical Information Specialists (415) 855-2411. 



Section II 


CONCLUSIONS 


Small cask on-site fuel transfer systems can offer utilities an economical, safe 


and licensable method for takinK advantaKe of larse storase casks. Both the dry 


system and the wet system can allow a utility to use lar8e spent-fuel stora8e 


casks economically. 


The transfer systems are particularly applicable to plants which have restricted 


crane capacity, or where other major plant modifications would be required to load 


the large storage casks directly. 


Both systems meet the requirements of EPRI Report NP-6425, "Design Considerations 


for On-Site Spent-Fuel Transfer Systems." However, this report concludes that the 


target 30-ton weight limit reconunended in NP-6425 for a standard size be increased 


to between 35 and 40 tonsl so that the transfer cask's capacity can be 


economically optimized. 


The evaluations of the designs indicate that the wet system is preferred over the 


dry system. However, any final desisn selection may realistically depend on the 


individual utility's operational preferences and the unique facility features that 


already exist at each plant. 
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R E P O R T  S U M M A f l Y  

Conceptual Design of a High-Integrity Impact Umiter 
for Use in Shipment of Dual-Purpose Spent-Fuel 
Casks 
The t~igh-integrity impact limiter (HILL) is designed to assist in qualifi- 
cation of a storage cask for use in transportation of spent fuel from a 
utility site to DOE. The HIlL system will provide an additional safety 
margin during transportation by enclosing the storage cask in a 
cocoon composed of multiple layers of energy-absorbing material sur- 
rounded by a high-strength stainless steel shell. Further, the HIlL 
includes mechanical design features to permit rapid loading, impact 
limiter attachment, and tie down of storage casks onto a railroad car. 

BACKGROUND Storage and transportation casks are masswe structures 
designed to withstand fire, punctures, and impact loads from handling and ship- 
ment. The shipment of spent fuel from a dry storage CaSK reclu~res returmng the 
cask to the reactor building and reloading the spent fuel into a specially designed 
and licensed transportation cask. The HIlL is intended to assist in aualification of 
szorage casks for single-time shipment to DOE facilities Dy prov=ding additiona; 
protection of the casks against failure during higilty untiKely design basis accJde-nt, ~ 
specified for transportation licensing by NRC in 10 CFR 71. If fuel can be shipped 
in a storage cask with the HILL, there are potential reduct=ons in cask handling 
operation and maintenance costs as well as worker radiation exposures. 

OBJECTIVES To design and evaluate the protective capability and economic 
feasibility of an impact limiter system that will withstand both the forces of a des=gn 
basis transportation accident and more severe extra-regulatory, accidents. 

APPROACH The project team evaluated the feasibility of including additional 
protective features in an impact limiter that completely encloses the cask. Team 
meml~ers designed the HIlL to provide additional assurance of impact limiter per- 
formance and thus assist in gaining regulatory approval for transportation of spent- 
fuel storage casks on a single-shipment basis. In addition, the team conducted a 
preliminary thermal analysis, investigated th9 feasibility of mechanical features for 
rapid loading, and considered the use of two materials for the HilL--polyurethane 
foam and aluminum honeycomb. 

t 

RESULTS The conceptual mechanical design shows the feasibility of a rapid rail 
car loading, unloading, and impact limiter attachment. Preliminary thermal analy- 
sis indicates that field temperatures are within acceptable limits with the HIlL 
attached when the cask thermal load is below 10 KW. Both the polyurethane foam 
and aluminum honeycomb impact iimiter designs feature system costs that are in 
an acceptable range for multiple shipments amortized over a lO.year campaign. 
Although the HIlL is more costly than the present impact limiters, it may be justi- 
fied based on use in multiple storage cask shioments when DOE begins accepting 
spent fuel. 

EPRI PERSPECTIVE Separate economic analyses outside the study ind=cate 

that HIlL system cap=tal costs of $1 million may De amortized by savings m CaSK 
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handling costs based on s~x shipments per year over a 10-year perioa. 
Thus, either the aluminum honeycomb system costing $700.000 or the 
polyurethane foam system costing $400,000 may De a~ractive for a long- 
term shipping campaign conducted by DOE or a utility. The alternative to 
this system is other small-cask-to-large-cask transfer eauipment or the 
return of the storage cask to the fuel pool. NRC approval through a 
licensing demonstration project is required before the HIlL concept can 
be used. Related EPRI research includes report NP-7389, Aluminum 
Honeycomb Impact Limiter Study. 

PROJECT 
RP2813-11 
Project Manager: Robert F. Williams 
Nuclear Power Division 
Contractor: Applied Science & Technology 

For further information on EPRI research programs, ca~l 
EPRI Technical Informat=on Specialists (415) 855-2411. 
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