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Repository Disposal Fee Estimates for the Hanford Tank Waste Remediation Systemt»e Z 1-\.~ 

(TWRS) Environmental Impact Statement (EIS) 

TO: Jackson Kinzer, Assistant Manager 
Office of Tank Waste Remediation System 

The Office of Civilian Radioactive Waste Management is pleased to transmit the information to 
address your request for disposal fee estimates to support the development of the Hanford 
TWRS EIS. This responds to your June 7, 1996, request for more rigorous cost estimates 
based on application of our Total System Life Cycle Cost (TSLCC) methodology. We have 
completed an analysis for the following four alternative scenarios and compared them against 
the 1995 TSLCC baseline: 

1. Use of 23,000 "standard" canisters for the most probable quantity {14,260 m3
) of 

immobilized ID.. W for the reference "enhanced sludge wash" process. 

2. Use of 12,200 "long" 0.61 m D x 4.5m L canisters for the most probable quantity of 
Hanford m..w. 

3. Use of 530 "long" canisters for 620 m3 ofHLW resulting from the "extensive 
separations" pretreatment process. 

4. Use of36,400 "very large" 1.68m D x 5.03m L canisters for 364,000 m3 ofHLW 
produced 'without any pretreatment. 

Results of the analysis, including key assumptions, significant cost drivers, and limitations on the 
cost calculations, are provided in the attachment entitled "Cost Estimate Report on Disposal 
Costs for Tank Waste Remediation System Alternatives". It must be pointed out that the results 
presented are consistent with the assumptions documented in the 1995 TSLCC. In this regard, 
scenario 4 is so significantly outside the range of these assumptions that there may be other 
implications, beyond the large cost increase projected for disposal, which could affect our ability 
to license a repository or implement emplacement within the currently envisioned disposal 
system. 
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We appreciate the opportunity to assist you in the completion of the Hanford T\VRS Final ~IS. 
Please feel free _to contact James Carlson ofmi°staff at (202) 586-5321, if you have any 
questions regarding the report. 

Attachment 

cc: 
L. Barrett, RW-2 
V. Trebules, RW-35 
J. Carlson, RW-37 
S. Rousso, RW-40 
W. Barnes, YMSCO 
R. Craun, YMSCO 
S. Brocoum, YMSCO 
W. Dixon, YMSCO 
J. Adams, YMSCO 
W. Kozai, YMSCO 
S. Cowan, EM-30 
M Hunemuller, EM-38 
P. Lamont, RL 

· S. Schaus, WHC 

cc (w/o attachment): 
C. Conner, R W-3 5 
S. Gomberg, RW-37 
C. Quan, RW-37 
R. Dyer, YMSCO 
D. Royer, YMSCO 
D. Harrison, YMSCO 
B. Hutchinson, YMSCO 
D. Faust, TRW 
C. Heath, TRW 
D. Gibson, TRW 
L. Meyer, TRW 

~~a.q±--r 
Ronald A. Milner, Director 
Office of Program Management 

and Integration 
Office of Civilian Radioactive 

Waste Management 
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Cost Estimate Report on Disposal Costs for 
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L SUM1VL.\RY 

This analysis was performed at the request of the Department of Energy Richland Operations 
Office to support analysis of alternatives for the TWRS as part of the development of the TWRS 
Environmental Impact Statem~nt (reference 1, see Appendix A). Estimates of disposal costs were 
developed for four alternatives for the Hanford Taruc Waste Remediation System (TWRS). 
Estimates of the total defense share of disposal costs were generated using a consistent 
methodology, as used by the Civilian Radioactive Waste Management Program in development of 
the Analysis of the Total System Life Cycle Cost of the Civilian Radioactive Waste Management 
Program of September 1995 (95 TSLCC) (reference 2). Technical feasibility and the 
environmental effects of disposal are not within the scope of this study and are not addressed. 
Costs are presented in constant 1994 dollars to maintain consistency with the 95 TSLCC. 

The 95 TSLCC base case and TWRS alternatives analyzed in this study are summarized in Table 
1-1. The TSLCC assumed 9,860 standard canisters from Hanford would be disposed of in the 
repository. Scenario 1 would require disposal of 23,000 standard canisters from Hanford. 
Scenario 2 is based on the same volume of glass as Scenario 1, disposed of as 12,200 "long 
canisters" (4.5 meters in length versus 3.0 meters for the standard canisters). Scenario 3 assumes 
extensive separations resulting in less glass volume, to be disposed of as only 53 0 long canisters. 
Scenario 4 assumes 36,400 very large 10 cubic meter canisters are used to dispose of the very 
large volumes of vitrified was,e which could result from a "no pretreatment" TWRS alternative. 

Summary results are presented in Table 1-1. Each of four Hanford TWRS alternative scenarios · 
are compared agains, the baseline assumed for ·the 95 TSLCC. To_tal Disposal Cost for the 95 
TSLCC base case is S33 . l billion in constant 1994 dollars (94$s). The first three alternatives 
would result in a small variation in Total Disposal System Costs. Scenario 3 would save $0.5 
billion (94$s) or 1.4 percent. Scenario 2 would increase Total Disposal System Costs by $1.4 
billion (94$s) or 4.2 percent, and Scenario 1 would increase costs by $2.0 billion (94$s) or 6.0 
percent. Scenario 4 would double the Total System Disposal Cost to over $66 billion (94$s) or 
100 percent. 

Scenario l has been identified by the TWRS program as the most likely current estimate of 
. borosilicate glass canisters to be produced. Scenario l poses the disadvantage, from a disposal 
standpoint, of utilizing most available space between Spent Nuclear Fuel (SNF) waste packages. 
This could limit growth capacity to accept other wastes being considered for disposal, such as 
DOE SNF. 

Scenario 4 is not a preferred alternative from a disposal standpoint. Scenario 4 would not only 
double the Total Sys,em Disposal Cost to over $66 billion (94$s), it would require approximately 
35 additional years of geologic emplacement and extension of the planned disposal program 



Table 1-1 Repository Disposal Cost Evaluation Matrix 

Dase Cnse 
(R\V-0479) 

Scenario #1 
(most 
probable 
volume) 

Scenario 112 
(long 
cnnister) 

Scenario #3 
(minimum 
volume) 

Scenario 114 
(very large 
canister) 

Canister Size Pretreatment Volume of 
(OD x L) Process Glass, m3 

0.61 m x 3 .Om Enhanced 6, 100 
Sludge Wash 

0.61m x 3.0m Enhanced 14,260 
Sludge Wash 

0.6Jm X Enhanced 14,260 
4.50m Sludge Wash . 

0.61m X Extensive 620 
4.50m Separations 

1.68m X . No 364,000 
5.03m Pretreatment 

Number of Total No. of Total Allocated 
Hanford DHLW Disposal Defense 
Canister Canisters Cost (94$s) Share (94$s) 

9,86~ 18,046 $33. lB $6.43B 

23,000 3 f, 186 $35.1 B $10.38 

12,200 20,386 $34 .513 $8 .6B 

I ' 

530 8,716 $32.6B 

36,400 44,586 $66.282 

-
Share methodology understates defense share of unassigned costs due to extremely low piece counts. Actual share will be higher. 

2 Scenario significantly in excess of repository planning basis. Requires assumptions which increase uncertainty of estimate. Scenario 
outside methodology validity for piece counts and disproportional waste package size. ... · 
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completion from an assumed decommissioning in 2071 to 2102. Further, it would require 
characterization of additional area, suitability determination of the area, and associated licensing 
of a Hanford only section of the repository. A substantial portion of the Hanford wastes would 
require emplacement in the additional areas in a low thermal setting, following emplacement of 
some Hanford and all other HL W with all the available SNF in a high thermal setting in the 
primary area ·of the repository. This is in contrast to the 95 TSLCC assumption of emplacement 
of all HL W with SNF in the primary are1 in a high thermal loading setting. Excess quantities of 
Hanford HL W may exceed available areas in the repository. Disposition of remaining HL W 
would not be decided until DOE makes a recommendation on the need for a second repository. 

The last column in Table 1-1 shows an estimate of the total defense share of each alternative. 
Estimates range from a reduction of $2.5 billion for Scenario 3 to an incre3.Se of $43 billion for 
Scenario 4. Estimates of defense share in Table 1-1 do not represent firm estimates of the full 
cost recovery for disposal of defense high level waste. The cost sharing allocation methodology 
was developed for a point estimate and design. Extreme case variations such as Scenario 3 and 4 
fall outside the validity of the computational method. Differences between the cases appear to be 
exaggerated by the defense share allocation methodology bias. 

3 
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2. SCOPE 

This analysis was performed at the request of the Department of Energy Richland Operations 
Office to support analysis of alternatives for the TWRS as part of the development of the TWRS 
Environmental Impact Statement. The analysis was developed under an accelerated schedule, and 
of necessity provides scoping level detail, scaled from the detailed point estimate reported in the 
95 TSLCC. It provides life cycle cost estimates for four alternative scenarios for disposal of 
vitrified high level waste (HL W) from Hanford. Scenarios vary HI.. W quantities and package 
sizes from the 95 TSLCC estimate basis. The scenarios and approach are described in Section 3. 
The analysis includes estimates for two new HL W waste packages, two new transportation casks, 
and estimates of changes to repository surface facilities, subsurface impacts, transportation, and 
other program costs. · · 

Estimates of the total defense share, based on application of the 1987 Federal Register 
methodology, are provided in Section 4. Two cases, Scenarios 3 and 4, depart significantly ·from 
the base case. For these scenarios, quantitative estimates are provided, with qualitative discussion 
of impacts and limits of the analysis. Analyses are based on and consistent with the 1995 TSLCC. 

A Hanford Multi-Purpose Canister (H]vfPC) is being considered by DOE for on-site storage at 
Hanford, followed by transpor.ation to and disposal in a repository. An HMPC would be an 
overpack canister 4.65 meters in length by 1.61 meters outside diameter, sized to contain four of 
the long Hanford c:misters of vitrified HL W such as those assumed for Scenarios 2 and 3 in this 
analysis. For ·transpor.ation, eJch HMPC would be placed in a transportation overpack for 
shipment. At the re;:,ository, the unopened HMPC would be transfe.rred to a disposal overpack, 
which, combined with the H.\[PC and its contents would comprise a four canister waste package. 
It is assumed that the H!vfPC would be licensed for storage, transportation, and disposal. The 95 
TSLCC was not based on use of the H]vfPC. A qualitative discussion of the impacts of possible 
use of an HMPC is included. 

4 



3. APPROACH 

3.1 TSLCC BASELINE 

The 95 TSLCC forms the baseline for comparison of disposal costs for alternatives, and for 
estimation of the defense share for each alternative. The 1SLCC assumes 9,860 standard 
canisters ofHL W from Hanford are disposed of with 8, 186 canisters of HL W from other DOE 
sites and the West Valley Demonstration Project, co mingled with waste packages containing 
approximately 84,000 metric tons of Uranium (MTU) of commercial spent nuclear fuel (SNF). 
The 95 TSLCC does not include other wastes being considered for inclusion in the Civilian 
Radioactive Waste Manage~ent System (CRWMS), such as DOE SNF. The 95 TSLCC assumes 
disposal in a single repository, with the Yucca Mountain site in Nevada serving as a surrogate to 
allow estimation of total system life cycle costs. The Nuclear Waste Policy Act as Amended 
(NWPAA) (reference 3) establishes a 70,000 Metric Tons ofHeavy Metal (MTffivf) limit .on a 
first repository, tied to opening of a second repository, and also specifies that the need for a 
second repository will be assessed between 2007 and 2010. This analysis assumes disposal in a 
single repository, consistent with the 95 TSLCC assumptions. Design concepts in the 95 TSLCC 
assume emplacement of waste packages, containing four HL W canisters each, in the spaces 
between SNF waste packages, in a spacial arrangement with a high thermal load. The 95 TSLCC 
assumptions were held constant, except as required for the scenarios. Costs reported in this 
analysis are reported in constant 1994 dollars to maintain consistency with the 95 TSLCC. 

The 95 TSLCC baseline assumed use of Multi-Purpose Canisters (MPCs) for disposal of 
commercial SNF. HL Wis assumed to be disposed ofin waste packages containing four standard 
canisters each. Current Civilian Radioactive Waste Management System (CR WMS) planning 
does not assume NfPCs for SNF and the TWRS program is planning use of HMPCs for HL W. 
This analysis maintains NfPCs for SNF disposal, and shipment and disposal of individual HLW 
canisters in waste packages to maintain consistency with the 95 TSLCC. Future TSLCC reports 
wil~ update the CR WMS baseline. A qualitative discussion of the impacts of an HMPC is 
provided in Section 4. 

3.2 TWRS ALTERi.'l'ATIVE SCENARIOS 

Waste streams that minimized impact on repository capital costs were established for each 
alternative scenario. Delivery schedules were generated in discussion with the TWRS program to 
develop reasonable cases for evaluation of disposal costs without inordinate or unnecessary 
impact to the repository. Additional_ opportunity for optimization of total defense high level waste 
flows can result in capital cost reduction. Further improvement of waste stream flows was not 
possible within. task schedule constraints. The schedules for emplacement of waste packages 
containing Hanford HL W are shown in Table 3-1 . 

5 
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Year 

Table l-1 

201.l 

2016 

1017 
2011 

2019 

l0l0 

l0ll 
20l9 

:03, 

203.S 

O? f 3C"""7 0 I ~),II 7 "'· ,Jj .. nC1 

Waste P>c:kage Emplac:amentSc:hadula AssumptlonsforTWRS Altarnatlv• Scenarios 

~1-2041 

204l 

1043 

1044 

104.S 

2046 

1047 

1041 

2049 

20.S0 

lO.SI 

lD.Sl 

20.13 

lD.S• 

l0JJ 
:o.s, 
10.17 

2DSI 

:0.19 
2060 

2061 

2061 

2063 

20~ 

206.S 
20'6 

2067 

1061 
2069 

2070 

1071 

:012 

2073 
207• 

107S 
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3.3 1"1ETHODOLOGY 

3.3.1 Defense Share Methodology 

The Nuclear Waste Policy Act as Amended requires full cost recovery from both defense and 
commercial users of the repository, with no cross-subsidization of program costs. Commercial 
SNF disposal costs are paid from receipts from a ratepayer fee charged on electricity generated 
and sold from nuclear power plants. Defense costs are paid from Defense Nuclear Waste 
Disposal appropriations. Costs are allocated among program participants according to a 
methodology published in the Federal Register (reference 4). This methodology has been applied 
to each case to estimate a total defense share for each scenario. 

The methodology collects direct costs, allocates certain indirect costs based on piece count and 
areal dispersion factors, and then assigns remaining costs based on factors derived from relative 
direct and allocated costs. Assignable direct costs are incurred solely for the disposal of either 
HLW or SNF and are allocated in total to either the civilian program, defense program, or to 
West Valley. Assignable common variable costs are allocated among the civilian, defense, and 
West Valley programs by appropriately applying cost sharing factors, piece count, and areal 
dispersion to the specific individual cost accounts. Common unassigned costs are the 
remaining costs that cannot be either directly allocated or allocated on the basis of the .cost 
sharing factors described above. Unassigned costs comprise a significant portion of the total 
system cost due to rjgh deve!opment and evaluation costs compared to construction and 
operation. 

The methodology was not developed to evaluate extreme variations from the base case such as 
the very low piece counts in Scenario 3 or the disproportionately large waste package sizes in 
Scenario 4. For these reasons, share allocation methodology may require modification if such 
alternatives are pursued, and respective cost shares may change as a result. Thls bias in 
methodology due to application of a method for a point estimate to a significant case variation 
tends to understate costs for Scenario 3, and may misrepresent costs for Scenario 4. A lesser 
degree of change also may be required for Scenano 2 to account for change in relative size of 
waste packages. 

3.3.2 Mined Geologic Disposal System (MGDS) Cost Estimates 

Analyses of Scenarios 1, 2, and 3 were able to maintain 95 TSLCC design assumptions for the 
repository thermal loading approach and emplacement ofHL W waste packages in the space . 
between hot S~'F wasre pacbges. Scenario 4 requires assumption of development of additional 
area(s) at the reposirory with a low thermal load setting which is dedicated to excess Hanford 
HL W. The ID... W quantity exceeds the number of available openings in the high thermal load 
repository. Detailed engineering evaluations were not performed for this study. Waste package 
design verified sufficient corrosion a!lowances for the defense high level waste packages for 

7 
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emplacement in a low :hermal setting. 
-

MGDS estimates were developed for each case using TSLCC models adjusted for changes in 
throughput capacity and additional underground excavation where required. Waste package 
dimensions and cost were developed consistent with the 95 TSLCC and 96 Advanced Conceptual 
Design bases. Repository estimates are based on the waste stream shown previously in Table 3-1, 
and are consistent with 95 TSLCC assumptions. 

3.3.3 Transportation Cost Estimates 

New HL W transportation cask designs would be required to support Scenarios 2, 3 and 4. An 
estimate has been made of changes required to the HL W cask design used in the 95 TSLCC to 
accommodate different size canisters compatible with the Hanford TWRS scenarios. No new 
thermal, mechanical, or radiological analyses were perfonned. The 95 TSLCC assumes a HL W 
rail cask with a capacity of five standard HL W canisters. The required cask types were scaled 
from the notional cask design used in the 95 TSLCC. Capacity of the transportation casks for the 
long canisters in Scenarios 2 and 3 was detennined as four long canisters each, to meet national 
rail transportation system limits, assuming similar shielding as the TSLCC cask design basis 
(reference 5). This may be conservative. Design studies to optimize shielding for the low 
radiologic activities ofHL W may pennit a reduction in shielding which could increase the 
capacity for long canisters to five canisters. Scenario 4 was based on one very large canister per 
transportation cask. Capital costs for alternative casks were estimated based on data for the 
BR-100 rail cask. Shipping and related costs were estimated using the same methods as the 95 
TSLCC. 

3.3.4 Development and Evaluation and Other Prograf!l Costs 

Development and evaluation (D&E) costs and other program costs were evaluated and are 
assumed to be essentially constant for Scenarios 1, 2 and 3. An addition for alternative cask 
development was identified for Scenarios 2 and 3. 

Significant increases in development and evaluation, and other program costs would occur for 
Scenario 4 due to additional repository area characterization and licensing, and significant 
extension of waste .acceptance and transpqrtation operations. Costs were estimated based on . 
notional schedules and throughput rates consistent with the capacity required for the high thennal 
loading repository. Estimates are based on 95 TSLCC costs for similar activities associated with 
a repository in the primary area, with a high thennal loading setting. Estimates for the new scope 
related to the Hanford only repository areas assume cost efficiencies gained from experience 
during the first phase of development and operations. 

8 
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4. Ai'f ALYSIS 

4.1 DEFENSE SHARE OF TOTAL SYSTEM COSTS 

4.1.1 Results Summary 

A summary of defense disposal costs for the nvRS alternatives is shown in Tables 4-1, 4-2, 4-3, 
and 4-4. From lowest to highest total system and defense share costs, the alternatives are ranked . 
Scenario 3, 95 TSLCC Base Case, Scenario 2, Scenario 1, and Scenario 4. Scenario 3 reduces 
overall program costs by approximately SO.SB in 1994 dollars. Variation from the total system 
life cycle cost ranges from -1 percent to +6 percent for the first three alternatives. Scenario 4 
doubles the total system disposal costs, and shifts the program from a civilian repository that is 
less than approximately 25 percent defense to a repository that is almost 75 percent defense on a 
total emplaced waste package count basis. 1 

4.1.2 Limits of Analysis 

Results should support evaluation of alternatives for nvRS but should not be taken as final 
estimates of the defense share. The estimates are consistent with the 95 TSLCC. Estimates are at 
a scoping level of detail, scaled from TSLCC data and estimated through use of TSLCC models. 
Results are not based on engineering studies of the specific alternatives and do not represent 
detailed point estimates. As noted in Section 3, the cost sharing methodology is limited in its 
application to cases which differ significantly frpm the base case. In particular, defense share is 
understated by the methodology for Scenario 3, and to lesser degrees for Scenarios 4 and 2, 
respectively. In addition, future TSLCC updates are required to incorporate developing changes 
to the CR WMS. Disposal of DOE SNF, accommodation of a variety of utility cask/canister 
systems for commercial SNF, and changes in funding profiles are current changes which will have 
system impact and will affect costs and cost shares. 

4.1.3 Direct Costs 

Tables 4-1 through 4-4 provided ·estimates of total disposal system costs and total defense share 
allocations of disposal costs for each scenario, based on a consistent methodology. Defense share 
estimates include disposal of all planned HL W from Hanford, Savannah River, and Idaho National 
Engineering Laboratory. Estimates of direct costs for Hanford HL W compared to total defense 
HL W are provided in Table 4-5 for use in further allocation of program indirect costs among the 
various defense programs. The Federal Register cost allocation methodology estimates total 
defense share compared to civilian to ensure no cross-subsidization of defense and civilian 
programs but does not address allocations among defense programs. 

9 
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tdl'C1 0 3 5,518 5,519 0 3 5,516 5,519 0 0 0 0 
t-,\1111• Acceptance 236 ·5 1,005 1,246 362 6 879 1,247 128 1 (126 1 
r,IRS NIA NIA NIA 

S.nellh 109 2 306 •17 134 2 281 417 25 0 (26 (0 

PETT 80 1 228 308 99 1 207 308 19 0 (19 (0 
Total $8,432 $114 $26,550 $33,096 $8,6•6 $133 $25.711 $3•,490 $2,214 $19 ($839 $1 ,394 

Percenhge % 19.•3'4 0.3•'4 80.22'4 10000% 2507% 0.39o/, 7•.55% 100.00% 5.63% 0.04% -5.67% 0.00% 

1-bte: Tol1ls lllilY nol add due to Independent rounding 

,. 
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Tal>lo •-l Summary of ClvUJan, Do ltnu, tnll Wul Valley Allocallon Scanarlo l 

Category 

O.velopmanl &. Evaluallon 
R.tpo,llory 1 

Tran,portallon 

J,1PC1 

t,Nuta Acctpbnca 

~RS 

Bantlll• 
PETT 

) 

Total 

Pere• nlagt •.4 
Notes: 

(In MUJlon, of 19!M Ooll•nl 

COST ALLOCATIONS 
TSLCC95 Scenario · 3 

Defense WV Civilian Total O.fenu WV Civilian Total Delano 

2.756 •6 9,717 12,520 1,6•8 57 10,838 12,5•3 (1, 108 

2,817 •1 7,932 10,796 1,554 53 8,719 10,326 (1 ,263 

•3• 10 1,846 2,290 416 16 1,852 2,283 (18 

0 3 5,516 5,519 0 3 5,516 5,519 0 

236 5 1,005 1,246 227 9 1,011 1,2•7 (9 

NIA WA WA 

109 2 306 •17 63 2 352 •17 (46 

80 1 226 308 •6 2 260 308 (34 

$6,432 $11• $26,550 $33,096 $3,95• $1•1 $28,549 $32,643 ($2,478 

19.•3% 0.34% 80.22% 100.00% 12.11% 0.43% 87.•6% 100.00% •7.32% 

Share melhodology understates defense &hate of unanlQned co,ts due lo extremely bw piece counls. Actual &hare w ii be hlQher. 
Tolall rrey not add due lo ndependent rounding 

12 

Dalla 
WV Civilian Tolal 

11 1, 121 23 

1 181 (470 
6 5 (7 

0 0 0 
3 6 --1 

0 •6 (0 

0 34 (0 
$27 $1 ,999 ($453 

0.09% 7.23% 00014 

I ' 



Cato gory 

O.valop1111nt l Ev•lu•tlon 

tupo,hory 1 

Tun1p01t,tlon 

~l'C, 

M1.1 II Ace• ptincc 

,IRS 

U.. Ill rill 

l'ETT 

roe.I 

Perc1nhu• •A 

Summary ol Clvllbn, Oof1nu, ind Wul V11f1y Allocation 

(In Mllllon1 ol 1t!H Dollars) 

COST ALLOCATIOIIS 

TSLCC9S 

Scanarlo • 

Sc• 1urlo • 
0.111111 vvv Clvlllan Total Ool,ns, vvv Clvlllan Total Dtfanu 

2.756 46 9.717 12.520 12.866 26 3,497 16.389 

2.817 •1 1.9l1 10.196 31 ,121 61 5.317 36.599 

•J• 10 1.11•6 1.190 3,521 1• 1,836 5.379 

0 3 S,St6 S.St8 0 3 5,516 5.519 

236 5 1.005 1.246 957 4 498 1. 459 

NIA ~VA 

109 1 306 • 11 375 1 6• 440 

80 I 126 300 Jl6 I 5• 370 

$6.•J2 $11• $16.5~ $33.096 $49,262 $1()8 $16.78• $66, 1~ 

19 •)% 0 ) •% 8022% 10000% 1• 41% 016% 25.J7% 10(100% 

Scenario slgntlunUy h uceu o/ 1epoil01y plaMing bd•IS ~quru e"unµton, which hcrea,e uncertarlly o/ estvnile. 

Scenario outsklo mt:lhodok>gy vd.Jty 101 plo:co count.s and lllspropo,tlonal w astc pac1<ao11 alu. 

Tolals rroy nol add due lo hdependenl roundng 

,/ 

13 

10,110 

28,404 

3,094 

0 

721 

WA 

267 

235 

$42.630 

55.03% 

Oolta 
'IVV Clvlllan Total 

(21 (6,220 3.869 

14 (2.616 25.802 

4 (9 3.089 

0 0 0 

(2 (507 213 

(1 (243 23 
(1 (173 62 

($6 ($9.766 SJJ,056 

-0 .18% -54 .65% 0.00% 

,. 



Tuhle 4-5 S ummnry or Direct Dis poul Co! tJ for 1WRS Allcrnulhcs (1\-lillloru or 1994S) 

1995 ·1!:iLCC Scenario 1 Scenario 2 
I0III IHl"ecr 10111 uirecr 101a1 u1rec1 

Category Hanford Ddense Hanford Defense Hanford Defense 

Rep:lSID{y 

U as~Packages 734 1;544 1700 2)17 1.270 1 Jl80 
Empbcement 117 217 267 367 1H 244 

T nrqx>r1a rira 

Shj:pl'Q!. Serurty(1) 123 261. 2CX 435 204 345 

C askPurcha~ ecan. 46 136 92 181 268 357 

ro111l Direct 1p21 1~61 2;560 3)01 1 Jl85 2/325 

( 1) hcludes 180(c) costs 

(2) Totals_ rmy not add due to Independent rounding 

14 

Scenario 3 
10111 uirecr 

Hanford Defense 

55 661. 
10 111 · 

15 156 

142 231 

222 1,162 

Scenano 4 
101a1 u11·ec1 

llauford Ddtnse 

181)53 18(,62 

17]7 1Jl38 

2,241 2)82 

785 874 

221116 23}'56 

1 · 

,;_,.; 
r--.J. 
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. 4.2 COST ESTThL.\ TE SENSITMTIES 

4.2.1 Repository 

A summary of total repository costs is provided in Table 4-6 for the 95 TSLCC base case and the 
4 TWRS scenarios, with a cost breakout by major cost element. The estimates are a subset of the 
total system costs shown in Tables 4-1 through 4-4. The values represent total repository costs 
for each scenario, without regard to allocation of costs to defense or civilian cost accounts. This 
data provides insight into the effect of each scenario on total system costs. For example, 
repository development and evaluation is constant for Scenarios 1, 2, and 3, .but increases by S2.3 
billion (94$s) for Scenario 4. The increase is a result of the cost of characterization of additional 
area, and associated licensing and development. This contrasts with defense shares of total D&E 
shown previously in Tables 4-1 through 4-4, which vary by scenario, dependent on sharing factors 
based on direct and assignable costs discussed in Section 3 .3 .1. 

Major components of the repository estimate include waste package costs, the quantity of 
canisters, surface facility capital and operating costs, subsurface capital and operating costs, 
Nevada transportation capital and operating costs, and performance confinnation operations. 
Operating costs are driven primarily by years of emplacement. Capital costs are driven by either 
requirements for additional area or throughput capacity. Table 4-7 summarizes repository cost 
qrivers. It identifies cost changes as a ratio relative to the 95 TSLCC for each of the Hanford 
TIVRS scenarios. 

4.2.2 Transportation 

Transportation operations costs are primarily direct costs accrued by specific shipments. The 
defense share of transportation operations for the alternatives is most affected by the number of 
canisters per transportation cask; quantities of shipments, and cask fleets required to support the 
shipping schedule. Mileages are addressed in the modeling of costs but are constant for all 
Hanford alternatives. 

The defense shares of transportation operations increased by 54 percent for Scenario 1, 74 
percent for Scenario 2, and 713 percent for Scenario 4. Scenario 1 had a high number of 
srjpments but these costs were offset in part by reduced cask fleet costs due to the commonality 
of casks for all DHL W. Cask costs increased only 34 percent to support the increased operational 
tempo. Scenario 2 had fewer shipments than Scenario 1, but defense cask fleet costs increased 
163 percent due to multiple cask types and high system throughputs. Scenario 4 increases are due 
to the extremely large number of shipments over a long period of time, and dedicated 
transportation fleets . Scenario 4 cask costs increased 549 percent. Scenario 3 costs decreased by 
4 percent overall. Savings that resulted from fewer trips were offset by a 67 percent increase in 
cask flee t costs due to use of different types for DHL W. There may be approaches to reduce this 
impact by adjusting the assume~ delivery schedules. 

15 
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Table 4-6 Repository Cost Summary (millions of 94Ss) 

1...,0s n.,a re gory I 1::,::,::, I ;:iL\,.,,l., ;:icenano 1 ::ice nano L ::icenano.., ;:icenano--. 
Mail ::ipur & 

Performance 
Confirmation 926 926 926 926 1,159 
ISunace 

3,6071 Facililies 3,312 3,918 3,774 7,681 
Subsurface 

2,7481 Facililies 2.897 2,ns 2,642 6,491 
Was1e 
Package 3,876 4,786 . 4,354 3,133 21,145 
uevetopmem: 
and Evalua1ion 
(Yucca 
Mountain only) 6,532 6,532 6,532 6,532 8,819 
t otats (1) 1 /,,j:;j4 1 ~,Uo~ 18,:Jol lo,840 4o,L~!:l 

( 1) Totals rray not add due to independent rounaing 

16 
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Table 4-7 Repository C_ost Drivers 

;:,ource or\..nange nauo 
waste Package (scenano/::1::i I ~LCC) 

Unitcostdue 10 glass pourcanis-:ersizes 
Scenario 1 
Scenarios 2. 3 
Scenario 4 

1.00 
1.41 
1.67 

Was-:e Package quantity variation 
Scenario 1 
Scenario 2 
Scenario 3 
Scenario 4 

1.71 
1.40 
0.50 

13.69 

S Lirfa ce Facilities 
Capital cos-is 

Scenarios 1,2,3 1.19 
Scenario 4 128 

Operating labor 
Scenario 1 12 
Scenario 2 1.15 
Scenario 3 1.08 
Scenario 4 2.59 

Subsurface Facilities 
Ca pita I and operating affected by excavation 
lenglhs and v-.aste package quantities 

Scenario 1 1.05 
Scenario. 2 1.01 
Scenario 3 0.96 
Scenario 4 2.36 

17 
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. 4.2.3 Development and Evaluation and Other Program Costs 

4.2.3.1 Scenarios 1, 2, and 3 

Development and evaluation (D&E) costs and other program costs were evaluated and are 
assumed to be essentially constant for Scenarios 1, 2 and 3. The only change identified for 
Scenarios 2 and 3 is an addition for alternative cask development. 

4.2.3.2 Scenario 4 

In Scenario 4, repository D&E would increase to characterize additional repository areas required 
to accommodate excess Hanford HL W which can not be emplaced within the primary area. 
Characterization is assumed to start in 2026, followed by license application in 2032 and 
construction authorization in 2035. Costs are assumed to be approximately 50 percent of 95 
TSLCC costs for characterization and licensing of the repository primary area Repositqry _ 
surface operations and emplacement, along with supporting transportation and waste acceptance 
operations, would continue 35 years after completion of emplacement of all commercial SNF and 
other HL W. Allowing for a caretaker period ending 50 years after start of emplacement in the 
additional area, program duration would be ext~nded from the 95 TSLCC case completion in 
2071 to closure and decommissioning in 2102. 

Other D&E, waste acceptance operations, and other program costs were adjusted to the increased 
scope. These activities also assume efficiencies over similar activities in development of the initial 
repository primary area, and make adjustments for system simplification since there is o_nly one 
source of wastes to be disposed of in the· Hanford HL W only period of operations. 

4.3 EVALUATION OF ALTERNATIVES 

The following identifies quantitative and qualitative discriminators for the scenarios determined in 
the course of this cost analysis for each alternative. This analysis does not take in to account 
other additional wastes such as DOE SNF which may be required to be emplaced in a repository, 
or potential variation in HL W canister quantities from other sites. Technical feasibility and 
environmental effects of disposal are. not within the scope of this study and are not addressed. 

4.3.1 Scenario 1 

Scenario 1 significantly increases the quantity of HL W waste packages over the 95 TSLCC base 
case. The 9 5 TSLCC design approach of em placing HL W waste packages in spaces between the 
higher thermal output SNF packages requires matching the incoming HL W and SNF waste 
stream. A disadvantage of this alternative is that it requires an efficient use of most available 
spaces between SNF packages. Defense HL W waste packages fi ll approximately 74 percent of 
the available spaces between SNF waste packages in the period from 2015 through 2040. This 

18 
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. could limit growth capacity in the primary area 9f the repository. This analysis also does not take 
in to account other additional wastes such as DOE SNF which may be required to be emplaced in 
a repository, or p~tential variation in HL W canister quantities from other sites. For these reasons, 
thi_s alternative could compete with other wastes being considered for disposal. A more efficient 
(lower quantity of BL W packages) utilization of repository space would be preferred. This 
alternative is ranked third in terms of overall cost. 

4.3.2 · Scenario 2 

Scenario 2 is closest to the base case in terms of the number of canisters and repository 
utilization, given Hanford expectations of higher glass production identified in reference 1 (14,260 
m3 vs. 6,100 m3 assumed for TSLCC). It is a cost effective alternative and is compatible with the 
design concepts utilized in the 95 TSLCC. Some modification to cost share methodology may be 
required to account for disproportionate changes in waste package size, however the 
methodology bias is much less than for Scenario 3. 

4.3.3 Scenario 3 

Scenario 3 is a favorable alternative from standpoint of maximizing the efficient use of repository 
capacity. This alte:-native has the lowest overall defense waste disposal cost, and reduces total 
disposal program costs slightly. The cost sharing methodology requires modification to achieve 
legal requirements for full cost recovery as noted in the discussions in Section 3 .3 .1 above. The 
low piece counts of this scenario fall outside the validity of the computational method. Following 
such adjustment, costs for this alternative would increase, however this would still be the lowest 
cost alternative from the s:andpoint of disposal. 

4.3.4 Scenario 4 

Scenario 4, a no se?arations alternative, is not preferred from a disposal standpoint. Scenario 4 
far exceeds other alternatives in total costs for disposal. This alternative requires substantial 
disposal area beyond what is being characterized by the Civilian Radioactive Waste Management 
Program. Scenario 4 would require characterization of secondary areas in addition to the primary 
area being characterized, suitability determination of the area, and associated licensing of a 
Hanford only section of the repository. It would require an alternate thermal strategy from that 
being planned for the repository. Seventy six percent of the Hanford wastes would require 
emplacement in the additional areas in a low thermal setting, following emplacement of the first 
twenty four perce:it of the Hanford HL W and all other HL W with all the available SNF in a high 
thermal setting in the primary area of the repository. This would require a license update for 
additional area in an alternate ther.nal setting. The requirement for both high and low thermal 
loading areas in Scenario 4 would complicate the licensing process. This is in contrast to the 95 
TSLCC assumption of emplacement of all BL W with SNF in the primary area in a high thermal 
loading setting. Excess quantities of Hanford HL W may exceed available areas in the repository. 

19 
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. Disposition of remaining HL W would not be decided until DOE makes a _ 
recommendation on the need for a second reposftory, required by the NWP AA to be in the period 
from 2007 to 2010. 

The cost sharing methodology may require modification to achieve legal requirements for full cost 
recovery as noted in the discussions in Section 3 .3 .1 above. The very high piece counts and large 
relative size of waste packages in this scenario fall outside the validity of the computational 
method. Further, uncertainties due to Scenario 4 assumptions may result in delays which could 
require prolonged on-site storage of excess canisters at Hanford. Uncertainties in assumptions 
also may increase disposal costs for this scenario. 

4.4 QUALITATIVE ThIPACTS OF USE OF HANFORD MULTI-PURPOSE CAi'fISTER 

4.4.1 Repository 

Use of an Hi\1PC which satisfies disposal requirements would result in a small cost saving at the 
repository for Scenarios 1, 2, and 3. In each case, HL W canisters are already planned to be 
disposed of in waste packages containing 4 canisters each, as is planned for the NfPC. An Hi\1PC 
would simplify surface facility handling operations. Repository cost savings would be small if 
any. 

4.4.2 Transportation 

The H11PC being considered in ·current TWRS. planning is most aryalogous to Scenario 2 in this 
analysis. Use of an Hi\1PC would have negligible effect on transportation for Scenario 2, which 
assumes a BL W transportation cask with a capacity of four long canisters each. Shipping costs 
would be reduced slightly due to a lower empty weight for return shipments because any basket 
structure to hold the canisters is part of the HMPC. Cask capital costs would be lower due to 
·absence of the basket structure and reduction in shielding thickness to account for shielding 
provided by the HMPC canister wall. 

The efficiency of an HMPC for Scenario 3 would depend upon the availability of suitable casks 
required for other purposes. Acquisition of dedicated casks would not be cost effective. 

Use of an HMPC for Scenario 1 would require development of alternative transportation casks if 
not developed for other requirements, and would increase the number of shipments by 25 percent 
due to the capacity change of five canisters per cask to four. 

An HMPC would have no effect on transportation for Scenario 4 since these very large canisters 
would be transported one per cask and there is no basket in either case. 

20 
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United States Government Department of Energy 

memorandum Richland Operations Office 

OAT?: 
REPLY TO 

ATTll OF: 

SUBJECT: 

TO: 

JUNO 7 1996 
WDO:PL 96-WDD-069 

REQUEST FOR REPos·noRY DISPOSAL FEE ESTIMATES FOR THE HANFORD TANK WASTE 
REMEDIATION $YSTEM (n.'RS) ENVIRONMENTAL IMPACT STATEMENT (EIS) 

Ronald A. Milner, OirQctor 
Off1ce of Program Man.gement 

and Integration, RW-30, HQ 

References: l. Office of Civilian Radioactive Wasta Manaciement Report, 
•Analysis of the Total System Life Cycle tast of the 
Civilian Radioactive Waste Management Program,• DOE-RW-
0479, dated September 1995, 

2. Memorandum from R. A. Milner, HQ, to J. Kinzer, RL, 
•Evaluation of Hanford Longer High-Level Waste Product 
Canister Option for Acceptance by the Civilian 
Radioactive Waste Management System,N dated Aprii 5, 
1996. 

TIIRS urgently requests support from RW concerning· the estimated costs for 
disposal of defense High-Level Waste (HLW) from Hanford in order to · 
complete the final n.'RS EIS. Oisposa1 costs 1n the draft lwRS EIS were 
initially estimated by extrapolating data from Reference 1. 

In order ta address recent comments on :the draft EIS, more rigorous· cost 
estimates based on application of RW's disposal cost methodology ar~ .needed 
for four TWRS alternative scenarios, which. are defined in Attachment 1. 
These scenarios include use of a f1-fteen-foot 1 ong can 1 ster (Reference 2), 
as well as incorporation of the results of a recently completed 
probabilistic estimate of the quantity of borosilicata glass expected from 
tha reference HlW pr~treatment and vitrification processes. Attachment 2 
provides additional technical data, requested by your staff, to assist them 
in evaluating these scenarios. 

The scheduled date for release of the TWRS EIS is. July 31, 1996. To 
achieve this date 1 the revision must be completed by June 28, 1996. Based 
on recent d1scuss1ons with members of your staff, it 1s our understanding 
that RW could pro vi de informal input for · the four scenarios by June 18, 
1996, A formal, referenceable memorandum summar·izing the estimates should 
be transmitted by Jun~ 21, 1996. These dates ara the latest that will 
allow the TWRS Program to meet the schedule for issuing the TWRS EIS by the 
end of July. 

Cho9n Quan of·your staff has advised us that RW contractor staff are 
available to respond to this rQquest. It is understood that RW is willing 
to proceed with this study pending satisfactory resolution of funding 
cons1derat1ons. 

I 
I 

I 
I 
I 
I 
I 
I 
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Ronald A. Milner 
96-\1100-069 

-2-

-..... 
... ,, .. '-" ·--·-

ihank you very much for your prompt consideration of this very important 
request. If you have any questions, please contact me on (509) 376-7591 or 
Phil E. LaMont of my staff on (509) 376-6117. 

Attachments (2) 

cc w/att,chs: 
s. Cowan, EM-30 
T. Harms, EM-38 
M. Hunemuller, EM-38 
C. Myler, EM-38 
C. Conner, RW-35 
J. Carlson, RW-37 
S. Gomberg, RW-37 
C. Quan, RW-37 
S. Rousso, RW-40 

bee w/attachs: 
WOO OFF File 
WOO Rdg File 
RHIC File . 
P. Lafi1ont, WOO 
C. Henderson, Jacobs 
8. Gibson, TRW 
L. Meyer, TRW 
S. Schaus, WHC 

OPJG1NAi.~B~ 
Jackson Kinzer, Assist ant Manager· 
Office of Tank Waste Remediation Systam 
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Attachment 1 
Page 1 Of 2 

DEFENSE WASTE DISPOSAL FEE ESTIMATES NEEDED BY HANFORD FOR THE 
TANK WASTE REMEDIATION SYSTEM ENVIRONMENTAL IMPACT STATEMENT 

The Hanford Tank Waste Remediation System (TWRS) program is on an aggressive 
schedule for comp1et1on of its Environmental Impact Statement (EIS) for the 
disposal of Hanford's tank wastes. In order to complete the required 
definition and eva1uat1on of major altarnatives, pre)im1nary estimata-s of the 
repository fees for defense HLW dfsposal for the four (4) scenarios described 
below are needed by 5/14/96. An appro1/ed referencaab1e memorandum 
transmitting these disposal fee estimates is needed no later than June 21, 
1996. . 

RW has provided a baseline allocated cost e~timate for disposal of 18,046 
defense HLW •standard" 0.61m x 3.0m {0.62 nr) canisters 1n , single repo.s1tory 
as reported in OOE/RW-0479, wAnalysis of the Total System L1fa Cycle Cost of 
the Civilian Radioactive Wasta Management Program~~ Starting with the TSLCC 
as a baseline, TWRS is requesting allocated dQfense HLW disposal fee estimates 
for the following scen~rios as summarized in Table 1: 

Scenario 1: Increasa the estimated number of Mstandard" canisters for Hanford 
from 9,360 1n the TSLCC to 23,000 1 which reflects current judgment 
of the most probable quantity of immobilized HLW (14,000 m) for 
the reference "enhanced sludge wash" process. 

Scenario 2: Assume 12,200 "long 11 0.51m x 4.Sm canisters (1.17 m3) for the most 
probable quantity of Hanford's HLW as d~scribed in Scenario 1. 

Scenario l: Assume 530 •1ong" canisters for 620 m3 of HLW resulting from 
wextensive sep.rationsn pretreatment procass. 

Scenario it: Assume 36.(rno 'very large" 1.68m x 5.03m can.isters (10 m3
) for 

364,000 m HL~ produced without any pretreatment. 

Since tha TSLCC included Multi~Purpose Canisters for commercial Spent Nuclear 
Fue1 ~nd for West VallQy's HLW, but not for defense HLW, this cost component 
should be retained for the above calculations in order to ensure comparability 
with the TSLCC report. If the MPC cost component is not rQtained for the 
requested calcul.tions, Table 7-1 1n the TSLCC should be updated to delete the 
MPC. 

The dr,ft T\iJRS-~!S 1s basad on placing the HLW canisters in a '1Hanford Multi
Purpose Canist2r~ (HMPC) for interim onsite storage and transfer to RW for 
disposal. Recognizing that defense HLW canisters were not placed in MPCs in 
the 1995 TSLCC, RW ls raquestad to comment qualitatively on the disposal fee 
impact, if the HMPC concapt were to be used. (NOTE: Cost of the HMPC is 
currently included in the cost of waste treatment at Hanford~) 

It is requested that the · disposal fee estimates be reported similarly to the 
TSLCC base case shown in Table 7-1 of the TSLCC report and summarized as shown 
1n Table l. 

--- - - ---



Base Case 
(R\l-04 79) 

Canister 
Size 

0.61m DX 
3.0 11 

0.61m DX 
3.0m 

0.61m DX 
4.50m 

0.61m DX 
4.50111 

l.6Bm D X 
5.03m 

TABLE 1 - REPOSITORY DISPOSAL FEE EVALUATIOH MATRIX 

Pretreat 
Process 

ESW1 

ESW 
.. 

ESW 

Extensive 
Separi-
t1ons 

Ho 
Pretreat-
ment · 

Volume of Humber of 
Glass, ra Hanford 

Canisters 

6,100 9,860 · 

]4,260 12,200 

' 6ZO 530 

, 
' 

364,000 3Q, 400 

Total No. 
of DULi-i 
Canisters 

20,386 

8,716 

44,586 

Total 
Reposi
tory Cost 

$33 . l B 

Atuch,n.cnt t 

P;t.g• 2 of 2 

Allocated 
DIILW 
Share 

$6.438 

1 Enhanced SluJge Wash (Caustic Leaching) - -TWRS Technical Baseline for pretreatment of IILW sludges 
.... 

, . . 

2 This value was jl1d9ed to be the most probable volume of glass produced using the current TWRS flowsheet 
(memo, Taylor/Lang to Distribution, 4/29/96) 

3 Extensive Separations--Al tern at 1ve pretreat~nt processes for JIU/ waste · sludges 

.. 
~ ,· . 

.. , 
L 

!; I 

ii I 

IJ 
0 
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.........., ( 
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T[CIIHICAL DATA TO SUPPORT DISPOSAL FEE CALCULATIONS FOR nms-EIS 

Outer Diam .• 11 Length, m Wall thick- Hornina l Total 
ness, cm Glass HDll1nal 

Volume, m1 \Je1ght, kg 

0\/PF standard 0.61 3.00 1.0 .0.62 2,200 
can1ster 

TIJRS standard 0.61 4.50 LO 1.17 3,700 
canister 

TWRS "very 1.68 5.03 2. 5 10.0 29~700 
large• canister 

Attachrnent 2 
Page 1 of 5 

Annual 
Production 
Rate, I of 
canisters 

150001 

aoo' 

752 

2, 2003 

,. 
Tb• total ther-1 output fran all Hanford wute la 930 tu, ln<J.xe..d to D~aber 202\ .vll.l uual,-- that the Ca •nd Sr capaule .lmentorlca an (nchdcd · 
In the glu1. for pLrpo&.oa •f sv1lu.tln, th• iotJt (0 acenarfoa, It ehould be auuncd that the thcn•l output h lMllfor• ly dlatrlbutcd 1aol'4 the 
~r of canl1tera associated with aach acenarJo, e.g. 1.a lit ptt c:Anlatcr for 5cenarlo 3. 

Iha total rq..ilvaltnt Metric Tana IIMvy Nttal (dCIIIO for al\ ll1111ford tDOlc Maata h utlaated to be 2,600, WINI the propo41ed methodology for 
calculatlnQ oqulvahncy that h described In D~·ll/81·"· Asarn It ahoulJ be usu11cd for purpou,a of thh utrcfu, th.t the 041114 arc U1ifon11ly 
distrlwtod waona th. nualiet of c1nl11ta~ auoclated with uch acrnario, •·•• 4.9 eKrtlH per caphhr for Scenario J. . 

1 fD(' Sc£Nirl<n 1 and 2, the full ·seal• (Phua U) prodl.lctlon rat ea a~• b~ on an (ni.tM\l606003i • l tar CllflllC ity of 12 HT/i.uy at 60X t ohl opcr&t ln9 
ef fl cl ency. 

2 fgr sceoarlo J, the prodJctlon rata la hued on ao lnstant&060W 111altar rate of t HT/d.y aod a 6ClX TOE. 

J for Scenar io~: the full·acal• (Pna&• II) prodJction rate la ba&ed on ao lnatantanaoLu 111Clter rate of 26D HT/J.y and 1 60X TOE. 

full • acalc procLctlon (Phue ti) of litl\l 9l&11 at hnford Is acl,ad.lled to atut In ZOil and h to b. co.pl~ed no later tt.an ZOU (Trf · hrty Asrcanant 
• llestonc:). Pot earl fer lnf011111tlon frcn IIU Uundt, July 199l), H•nford 1a Ill.II c110later1 could be ahlppr.d • tart Ins In 2022 at • 1M1Cli.11 rate of l!OU 
tllOl&ter, per yoar. HOWt:V•r, th• wrrent pllWVlfre ba.se for the lUIS progrMI la to pravlda Inter!• on·altc aloragc for all of tile HLU ~later&. 
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HLW Cone Data TWRS EIS 

Tntcmiediute Sepnrufions llnse Case (6/3/%) 
Scenario 2 based un 12,200 Loog Dni.sters (1.17 m-3) 

~ctnarlo 2 
U1ric!/l.17 mA3 

Rulimuclitlc ca.uisler 
lnvc:i(ory 12Juss 

Ci/m"] 

Aau-241 l.3l!B i 02 7.7ll!+OO 
Am-243 ·4.4 Ill 02 2.•7ll-03 

. C-14 -
Cm-2H t.~21!-01 4.5.SI!-03 
Cs-135 l.92lllll 1.161!-02 
c,-n1 •.631! ·1 0'1 2.11 .51!+03 
1-129 
Ni-fu 5.581! ·t 00 2 .t6TI+Ol 
Np-237 9.TIE-02 5.09E-03 
Pu-238 1.428+00 8.48.B-02 
Pu-n9 3.468+01 2.018+00 
Pu-240 8.77IHOO 5.l7E-01 
Pu-241 9.82.Hi·0l 6.028+00 
lta-226 3 • .561!- IO 
Ru-106 S.00E-05 2.931!--06 
S111-151 5.00IHOI 
Sn-126 8.248-01 3.868-02 
Sr-90 7.05B+04 4.328+03 
Tc-99 4.248+01 -4 .86E-Ot 
Tb-130 5.148--08 3.168-09 . -
U-233 2AJE-08 9.25H-07 

U-234 4.460-07 I .62E-05 
-

U-13S 6.328-02 1.620-03 

Zr-93 3.168-01 

Tot~Ju.u~ J.431!+04 

1'f04c: Ouic.s from decay dauthkr products not i11cludcd - ..• 
Rldionoclides rcfktl decay to 12/31/99 - --

(' . ,. ,. 
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IILW Cone Data 1WRS EIS 

1?.xtenslvc Sepnufion.s alternaUvc (6/3/96) 

A t/- ~ c. t. ""' r.-.1 l. 

p11 3 '- 3 'I 5 

volumo hw:d on 530 long c.miatcn al 1.17 111 Al (620 111 Al ol JILW) 

Sceo11rfn 1 
llifcnsivc &pualiona Dau P.icu~ valut:a 

R.a.dlonucliJc Inventor IJLWGtus Curlct/1.t 7 m A3 

Duo Cuc (A-I canidc:r 
Ci/ml 

Am-2•1 1.678+02 1.961H02 
Am-243 5.JIB-02 6.268--02 
C-14 
Cm-244 1.848-01 1.158-01 
Ca-135 1.3311-01 2 .728-01 
Cs-137 5 .628+04 6.578+0• 
)-)29 
Ni-63 6.788+00 7.938-t-OO 

. Np-237 J.llllOl l.JIH-01 
Pu-23& 1.72B+OO 2.0lB+OO 
Pu-239 4.201!+01 .f.918+01 

/ ' 

J>u-140 1.06B+01 1.1.fll+Ol 
Pa-141 l.198+02 1.398+02 --·-
Ra-216 4.32H-IO S.058-JO 
Ru-106 6.06Il-05 7.008-05 
Sm-151 
Sn-12.6 ( l.OOB+OO 1.178+00 
Sr-90 8.568+0• 1.00H-t-05 
Tc-99 5.14ll ·t01 6.02E+OI 
TI1-2:lO 6.248-08 7.JOJ!--08 
U-233 2.948-08 J.441!-08 
U-23.5 5.26U-05 6 .158-05 -U-238 1.228-03 UJU-03 . 
Zr-93 7.67fHY1. 8.911E.fil 
lul:il m3 6.20Il +02 ···--- - ---

---- ·--· 
·-----

Radionuclidtc ~flbet dtcar lo l2/31/9'J -·· --··-
Now: Curles fmm decay prod. uot. include.I 
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l ILW Cone Data rIWRS EIS 

lntennccliute Se~arulions nase Cnse (6/3/%) 
Sctruiio I based oo 23,000 ,1d .s.ize onisters of HLW 

ISaoark, I 
Curies/0.62 m·3 

b.tioauclide ULW canisic:r 
mveolOf)' glass 

cum·3 
Am-2• l 6.598+00 •.09E+00 
Am-243 2.1 IE-03 l.31E-03 
C-14 
Cm-244 3.898-03 2.418-0] 
Cs-135 . 9.&98-03 6.13B-03 
Cs-137 2.4•E+Ol l.51E+03 
1-129 
Ni-63 1.850+01 1.141!+01 

~ 

Np-237 . · 4.358-03 2.701!-0) 

Pu-238 7.251!-02 •.50E-02 
Pu-139 J.7IIHOO l .06B+OO 
Pu-240 -4.428-01 ·2.748-01 
Pu-241 l.141HOO 3.198+00 
Ra-226 
Ru-106 2.50Il-06 1.5.51!-06 
Sm-151 4.351!+0I 2.7011+0I 
Sn-116 3.301!-02 2.041!-02 
Sr-90 3 .691!+03 2.291!+03 
Tv-99 4.158-01 2.578--01 
Tii-230 2.?0B--09 1.6&1!-09 
U-233 7.91R-07 .f.901!-07 
U-23-4 J .38Il-05 8.5&E-06 
U-23S l.388-03 8.S8E~)4 
Zr-93 2.70B-0l I .68E--01 -
TOliil (m3) 1.•3H-Hl4 - .. .. 

Nol~: Curies hon. dcay llaughJcr pwduclS no( included 

Radianuclidc.s reflect dcCily to 11/31/991 
·- · 

,. ,, .,., ,. 

A ti"' Cl, ~,. ~., ).. ., . 
pa jL 'f ~1 s 
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HLW Cone Data 1WRS EIS 

No Separations Alternntive (6/3/96) 
20 wt$ wdiwn oxide lcwling 1.5 l>lcndiug hcior 

Vllrlnou ion Srni!!ML4 
-.----

R.a.<lioouclide 
. Co11cc11tn1i.on Cwics/10 m·3 

Curies /111 ·3 c.tnislcr 
Am-241 2.BfiR-01 2.861!+00 - - -
Am-U1 9.128-05 9.12B-04 

Cm-24• 3.240-04 3.248--01 ----
Ca-I 31 9.581I tOI 9.588+02 - - -
Nl-63 7 .398--0 I 7.390+00 
Np-237 

I 

l.918-04 l.91Il--03 

Pu-238 2 .978-03 2.978-02 

Pu-239 7 .2511-02 7.2fil-OI 

Pll-240 1.8'1D-CYl J.84B-0I 
Pu-2Al 2.06E--01 2 .06Il+OO 

Ru-106 l.04B-07 1.041!-06 

Sw-151 l.738+00 1.73D+0I 
Sn-126 1.710-03 l .12Il--02 
Sr-90 1.20Il+02 1.20D+03 

Tc-99 8.Bln-02 8.81E-01 

U-233 3.32£--0& 3.328-07 

U-234 5.82B-07 5.&2.E-06 

U-235 5.66B-OS 5.66E-04 
U-238 1.328-03 1.328-02 
Zr-93 1.088-02 1.0BE-01 
Totll ~mJ) 3.641!+05 

.... 

·---
·---·-- ·-·---

Ridiouoclides reflect deal to l 2/31 /99 
Note: Cu,u:1 from decay dauJ!hter prodllct.s not included --·T 

6/<:,/'>f, 

I} f/a d, ~r.;;t 1-
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