ENG.20070521.0008

BSC Design Calculation or Analysis Cover Sheet 1.QA: QA
Complete only applicable items. 2. Page 10f50
3. System 4. Document Identifier
Waste Handling 000-PSA-MGRO0-00700-000-00A

5. Title
Characteristics for the Representative Commercial Spent Fuel Assembly for Preclosure Normal Operations

6. Group
Preclosure Safety Analysis

7. Document Status Designation

[] Preliminary X Committed [J Confimed [J cancelied/Superseded

8. Notes/Comments
Matthew Hinds performed the WPLOAD V. 1.1 runs and provided input to Section 4.3. Helen Marr checked his work.

Attachments Total Number of
Pages
Attachment I — Computer Files 2+CD
Attachment II - Bounding Commercial Spent Nuclear Fuel Radionuclide Inventory 4
RECORD OF REVISIONS
9 10 1. | 12 13. 14. 15. 16.

: : - Total #| Last Originator Checker EGS Approved/Accepted
No. Reason For Revision of Pgs.| Pg.# | (PrintSign/Date) | (Print/Sign/Date) | (PrintSign/Date) | (prinySign/Date)
00A| Initial Issue 56 11-4 Kathy Ashley Dale Dexheimer Sen-Sung Tsai Mark ise{lburg

Matthew Hinds Helen Marr j ﬂ‘:"

sl S/rfoy | Sl fe7
M

5l17(2007 | 71 7/27)




Characteristics for the Representative Commercial Spent Fuel Assembly for Preclosure Normal Operations
000-PSA-MGRO0-00700-000-00A Page 2 of 50

DISCLAIMER

The calculations contained in this document were developed by Bechtel SAIC Company, LLC
(BSC) and are intended solely for the use of BSC in its work for the Yucca Mountain Project.
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ACRONYMS

BWR boiling water reactor

DPC dual purpose canister

Gwd gigawatt day

MWwd megawatt day

MTHM metric ton heavy metal

MTU metric ton uranium

PWR pressurized water reactor

SFA spent fuel assembly

SNF spent nuclear fuel

TAD Transportation, Aging, and Disposal
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1. PURPOSE

The Preclosure Safety Analysis includes evaluating the dose consequences from normal
operation and potential event sequences. Dose consequences during normal operations involving
commercial spent nuclear fuel (SNF) include airborne releases during handling operations and
direct dose from the fuel shielded by structures or casks. The majority of commercial SNF will
arrive onsite in sealed canisters. Transportation, Aging, and Disposal (TAD) canisters will be
transferred from one overpack to another depending on whether the fuel will be emplaced in the
repository or placed on the aging pad for aging to meet the thermal power requirements for
emplacement. During this process, there are no normal airborne radioactive releases from the
fuel.

Some commercial SNF will be shipped to Yucca Mountain in dual-purpose canisters (DPCs) or
shipped uncanistered in transportation casks. Commercial SNF shipped in DPCs or uncanistered
in transportation casks will be repackaged into TAD canisters in the Wet Handling Facility prior
to being placed in waste packages for emplacement. Airborne releases of radionuclides are
expected during normal repackaging operations in the Wet Handling Facility.

The purpose of this analysis is to develop characteristics and radionuclide inventories of a
representative commercial SNF assembly for boiling water reactor (BWR) and pressurized water
reactor (PWR) fuel for use in determining the dose consequences from normal operational
airborne releases. Once the representative fuel assembly characteristics for each fuel type are
determined, the radionuclide inventory and crud inventory are determined from existing
inventory analyses. Fuel type in this document refers to BWR fuel and PWR fuel.

The fuel characteristics can be different for the various applications for those characteristics. For
example, fuel characteristics for airborne releases during normal operations will be different than
fuel characteristics for airborne releases during event sequences. Likewise, fuel characteristic for
airborne releases will be different from fuel characteristics used in shielding analysis, criticality
analyses, or dose rate evaluations due to the different goal of the analyses. The results of this
analysis are intended solely for the use of determining the dose consequences from airborne
releases from normal operations.

Attachment II provides the bounding commercial SNF radionuclide inventories for BWR and
PWR fuel that can be used in Preclosure analyses to evaluate dose consequences from airborne
releases as a result of potential event sequences.
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2.3 ANALYSIS CONSTRAINTS
None
2.4 ANALYSIS OUTPUTS

This analysis will be used as input for preclosure safety analysis calculations.
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3. ASSUMPTIONS
3.1 ASSUMPTIONS REQUIRING VERIFICATION
No assumption in this analysis requires verification.
3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION
3.2.1. TAD-Based Waste Stream

The TAD-based waste stream developed with a 25-kW limit on TAD canisters and a
3,600 MTHM/yr repository receipt rate during full operations provides a conservative
basis for determining the characteristics of a PWR and BWR fuel assembly that
reasonably represent commercial spent nuclear fuel (SNF) for use in dose consequence
analysis of airborne releases during normal operations.

Rationale: The majority of the commercial SNF will arrive at the repository in
Transportation, Aging, and Disposal (TAD) canisters. The TAD canisters will be
transferred from one overpack to another depending on whether the fuel will be emplaced
in the repository or placed on the aging pad for aging to meet the thermal power
limitations for emplacement. During this process, there are no normal airborne
radioactive releases from the fuel because TAD canisters are required to meet the leak-
tight standards of ANSI N14.5-97 (Reference 2.2.1 [DIRS 179349], Section 3.1.6 and
Reference 2.2.2 [DIRS 145735]).

The Basis of Design for the TAD Canister-Based Repository Design Concept (Reference
2.2.5, Section 2.2.1.3) states that 90% of the commercial SNF is expected to be shipped
to the repository in TAD canisters. The remaining portion of commercial SNF will be
received at the repository in DPCs or uncanistered in transportation casks. The
uncanistered fuel and the fuel in the DPCs will be repackaged into TAD canisters in the
Wet Handling Facility prior to being placed in waste packages for emplacement.
Airborne releases of radionuclides in the Wet Handling Facility during normal operations
to repackage these fuel assemblies are expected. Thus, for a TAD-based repository
operation, normal operational airborne releases will occur only from DPC opening and
uncanistered spent fuel handing that occurs in the Wet Handling Facility.

Utility sites are currently loading dual-purpose canisters (DPCs) for onsite dry storage of
spent nuclear fuel. When TAD canisters become available, it is expected that the utilities
will load their fuel for dry storage directly into TAD canisters to preclude having to
repackage their fuel prior to shipping it to the repository. The fuel contained in the DPCs
will have been discharged from the reactor prior to the fuel contained in the TAD
canisters. This is because DPCs are in use today and have already been loaded with
commercial SNF, and when TAD canisters become available, the utilities will begin
loading the TAD canisters. The commercial SNF that is expected to be shipped as
uncanistered assemblies in rail or truck transportation casks is also expected to be older
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fuel than what will be shipped in TAD canisters because these shipments are expected to
be from utilities without the capability of handling the larger capacity TAD canisters.

Reference 2.2.6 provides a waste stream scenario that is based on receiving commercial
SNF in 25-kW TAD canisters at an annual receipt rate of 3,600 MTHM. An annual
receipt rate of 3,600 MTHM is a 20% increase above the design basis annual receipt rate
of 3,000 MTHM (Section 6.1.1). This waste stream scenario is based on the concept of
loading commercial SNF in TAD canisters beginning in 2011 and shipping the youngest
fuel first, greater than or equal to five years old, beginning in 2017. The results used
from Reference 2.2.6 (Section 7) are in the form of an Excel spreadsheet, included in
Attachment 1, titled “AvailShipCD-1YFF525kW3600-Norm_Rev.xlIs”. This spreadsheet
provides the identification and characteristics of each fuel assembly including,
enrichment, burnup, discharge year, arrival year, MTHM, and thermal power. Reference
2.2.6 provides a conservative bases for developing characteristics for representative fuel
assemblies because it is based on parameters that result in a receipt scenario that is
compressed, thus the average thermal power is higher. In addition, the results of this
analysis (Section 1) are conservative with respect to the projected burnup and average
time out of reactor for DPCs and truck casks (Reference 2.2.6, Table 1).

Therefore, it is conservative to base the characteristics of the representative commercial
SNF on an entire commercial SNF waste stream even though the fuel that will be
repackaged in the Wet Handling Facility will only be a small percentage of the total
inventory and is expected be older than the fuel contained in TAD canisters.
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4. METHODOLOGY
41 QUALITY ASSURANCE

This analysis was prepared in accordance with EG-PRO-3DP-G04B-00037, Calculations and
Analyses (Reference 2.1.1) and LS-PRO-0201, Preclosure Safety Analyses Process (Reference
2.1.2). Therefore, the approved version is designated as QA:QA.

4.2 USE OF SOFTWARE

This analysis used qualified (Level 1) software WPLOAD v. 1.1, STN: 11131-1.1-00,
(Reference 2.2.3 [DIRS 178198]) on the Windows 2000 operating system. WPLOAD v. 1.1 is
listed in the current Qualified and Controlled Software Report, as well as the Repository Project
Management Automation Plan (Reference 2.1.4, Table 6-1). The application is within the range
of validation for this software, as described in Reference 2.2.4 [DIRS 178197]. WPLOAD v. 1.1
was executed on a PC running Windows 2000 Professional.

The commercially available Microsoft® Office Excel 2000 spreadsheet code and Microsoft”
Office Access 2000 database code, which are components of Microsoft® Office 2000
Professional, are used to perform standard mathematical and sorting functions to derive the
results, which do not depend on a particular software program. These results were verified by
checks using hand calculations. Microsoft® Office Excel 2000 spreadsheet code is used for
graphical presentation of the results, which are verified by visual inspection. Usage of
Microsoft® Office 2000 Professional in this analysis constitutes Level 2 software usage, as
defined in IT-PRO-0011 (Reference 2.1.3, Attachment 12). Microsoft® Office 2000 is listed in
the current Controlled Software Report, as well as the Repository Project Management
Automation Plan (Reference 2.1.4, Table 6-1). Microsoft® Office Excel 2000 and Access 2000
were executed on a PC running the Microsoft® Windows 2000 Professional Service Pack 4
operating system.

43 REPRESENTATIVE FUEL CHARACTERISTICS METHODOLOGY

For preclosure consequence analyses, the representative spent fuel assembly will be used to
evaluate normal operational releases during repository preclosure operations. The Basis of
Design for the TAD Canister-Based Repository Design Concept (Reference 2.2.5, Section
2.2.1.3) states that the Yucca Mountain facilities shall be capable of accommodating TAD
canisters. At least 90% of the commercial SNF shall be received in TAD canisters. The
remaining inventory is received as bare fuel assemblies. Using a TAD-based waste stream for
determining representative fuel for normal operations is conservative (Assumption 3.2.1).

A TAD-based waste stream developed with a 25-kW limit on TAD canisters (Reference 2.2.6) is
used for determining the representative spent fuel assembly (SFA) characteristics. This waste
stream scenario is based on the concept of loading commercial SNF in TAD canisters beginning
in 2011 and shipping the youngest fuel, greater than or equal to five years old, first beginning in
2017. The results used from Reference 2.2.6, Section 7, are in the form of an Excel spreadsheet,
included in Attachment I, titled “AvailShipCD-1YFF525kW3600-Norm Rev.xls”.  This
spreadsheet provides the identification and characteristics of each fuel assembly including,
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enrichment, burnup, discharge year, arrival year, MTHM, and thermal power. The “Revised
Report” worksheet of the Excel spreadsheet contains 23,250 records for commercial SNF
batches containing 221,714 fuel assemblies totaling 63,000 MTHM arriving at the repository.

The “AvailShipCD-1YFF525kW3600-Norm Rev.xls” spreadsheet is used as input to the
WPLOAD v. 1.1 software. WPLOAD v. 1.1 is qualified software used to develop repository
loading scenarios, a preliminary step of which is the determination of thermal power at arrival of
each fuel assembly, based on its initial U,3s enrichment, burnup, and time out of reactor.

As described in Section 6.2.1 of Reference 2.2.7, WPLOAD v. 1.1 cannot fully accommodate a
TAD-based scenario without certain modifications made to the raw information in the
spreadsheet. This is because WPLOAD v. 1.1 does not allow for the designation of one type of
vessel to remain intact (as the TAD canister), and to be aged and emplaced as-is, and another to
be opened (as a DPC or transportation cask with uncanistered fuel), and its contents blended with
the contents of other vessels and placed into new TAD canisters. The actual WPLOAD input file
“WASTESTREAM_ TAD YFF525kW3600.TXT”, included in Attachment I, was developed
from the spreadsheet file, “AvailShipCD-1YFF525kW3600-Norm Rev.xls”, worksheet
“Revised Report”, from Reference 2.2.6, Section 7, by the process steps 2 through 5 described in
Section 6.2.1 of Reference 2.2.7.

After performing the necessary modification to the raw information, the WPLOAD v.1.1 waste
stream input file, “WASTESTREAM TAD YFF525kW3600.TXT”, contains 23,440 records for
commercial SNF batches containing 221,901 SFAs totaling 63,000 MTHM arriving at the
repository. There were 187 “XGHOST” assemblies added to the waste stream to allow the
necessary blending of fuel assemblies from the DPCs or transportation casks with uncanistered
fuel. The added assemblies increased the number of data records from 23,250 to 23,440.

The corresponding WPLOAD output file for the 25-kW TAD canister with a receipt rate of
3,600 MTHM/yr (Assumption 3.2.1) is “WPLOAD OUTPUT casela.TXT”. For the purpose of
this analysis, “Section 10” of this output file, which contains the calculated thermal power upon
arrival of each SFA, was extracted and imported into an Access database, “Representative SFA[
3600.mdb” as the table “C1S10-Original”. The WPLOAD input file was also imported into this
Access database as the table “WASTESTREAM TAD YFF525kW3600-ORIGINAL”. The
input and output files for WPLOAD, as well as the Access database file and Excel spreadsheets
used in this analysis, are contained in Attachment I.

Because of the addition of the 187 “XGHOST” assemblies to the WPLOAD input file, the
Access tables “C1S10-Original” and “WASTESTREAM TAD YFF525kW3600-ORIGINAL”
also contain these “XGHOST” assemblies. These Access tables were modified to delete the
“XGHOST” assemblies. The modified table, “C1S10”, contains 221,714 fuel assemblies and the
modified table, “WASTESTREAM TAD YFF525kW3600”, contains 23,425 data records,
consistent with the number of data records and fuel assemblies from the Excel spreadsheet
“AvailShipCD-1YFF525kW3600-Norm_Rev.xls”.

Using an Access database, the information in “WASTESTREAM TAD YFF525kW3600” was
cross-referenced to “C1S10” to provide annual averages for enrichment, thermal power, burnup,
and decay time per SFA. BWR and PWR fuel assemblies are evaluated separately.
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In order to demonstrate compliance with the annual dose limits in any year of preclosure
operations, the representative spent fuel assembly is selected based on the year of operation with
the highest average thermal power per assembly. Thermal power varies with fuel assembly
enrichment, burnup, and time out of reactor. In general, the higher the thermal power, the higher
the curie content of the fuel. Thus thermal power gives a good measure for determining the fuel
characteristics that will be used for determining the radionuclide inventory. The first parameter,
fuel assembly enrichment, is chosen as the average enrichment per fuel type over the entire fuel
inventory. The average enrichment over the entire waste stream provides the reasonable starting
basis for the representative spent fuel assembly. The remaining fuel parameter characteristics,
burnup and time out of reactor, are then selected that correspond to that average thermal power
for BWR and PWR assemblies from the year with the highest average thermal power. When in
question as to which set of fuel characteristics to use, a curie content comparison was made and
the higher was chosen (Section 6.4).

Given the enrichment, the fuel assembly thermal power in watts can be characterized by a variety
of decay times and burnups to define the representative fuel. Two methods were used: 1) select
the average burnup and then determine the corresponding time out of reactor that results in the
peak year annual average thermal power, and 2) select the average time out of reactor and then
determine the corresponding burnup that results in the peak year annual average thermal power.
Curie content of the fuel with the characteristics derived from each of these two methods was
determined and the method resulting in the highest curie content was selected to define the
representative fuel.
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5. LIST OF ATTACHMENTS

Number of Pages

Attachment I.  Computer Files.......cccouiiiiiiiiiiieiieeee e 2+CD

Attachment II. Bounding Commercial Spent Nuclear Fuel Radionuclide Inventory .............. 4
6. ANALYSIS

6.1 INPUTS

6.1.1. Receipt Rate

The receipt rate used in this analysis is given in Table 1. The receipt rate is consistent with the
annual receipt rates given in the Basis of Design for the TAD Canister-Based Repository Design
Concept (Reference 2.2.5, Section 2.2.1.2) with the exception of year 6 and beyond. Starting in
year 6, the receipt rate is increased by 20% to 3,600 MTHM/yr (Assumption 3.2.1). This
increase in the receipt rate results in the commercial SNF having had less time for radioactive
decay upon arrival than with a constant receipt rate of 3,000 MTHM/yr.

Table 1. Commercial Spent Nuclear Fuel Receipt Rate

Year MTHM/yr
1 400
2 600
3 1,200
4 2,000
5 3,000
6 and beyond 3,600

6.1.2. Pressurized Water Reactor Fuel Assembly Thermal Power

The PWR fuel assembly thermal power in watts for each fuel assembly component is taken from
the “PWR.thermal.source” file of Reference 2.2.7, Attachment I. Section 6.2.2 of Reference
2.2.7 describes the process for generating the “.source” files. The data tabulated in the
“PWR.thermal.source” file originate from the radionuclide inventory “.cut” files of Reference
2.2.8, which are based on non-stainless steel clad PWR fuel with 0.475 MTHM per assembly.
The portion of the “PWR.thermal.source” file that gives the watts for enrichment, burnup, and
years out of reactor is imported into Excel files “PWR-4.2-watts.xls” and PWR-4.0-watts.xls”
and summed over all fuel assembly components to provide the watts versus decay time for the
various burnups. Table 2 contains the watts for the 4.2% enriched PWR fuel assembly at various
burnups and decay times (See Section 6.3). Table 3 contains the watts for the 4.0% enriched
PWR fuel assembly at various burnups and decay times (See Section 6.5).
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Table 2. Thermal Power (Watts) per PWR Fuel Assembly with 4.2%
Enrichment
Years out Burnup (GWd/MTU)
of reactor 30 40 48.086 50 60 70
5 765.40 1052.48| 1309.82 1377.22] 1742.38 2149.89
6 660.42 914.56| 1147.54 1205.68 1536.41] 1905.44
7 597.07] 827.53] 1041.38 1095.26] 1399.61 1743.48
8 555.35 769.26| 968.19 1017.73] 1302.95 1625.78
9 52493  727.61] 914.68  961.07] 1231.27| 1536.10
10 502.11] 694.59 872.89  917.14 1173.47] 1464.42
11 483.34  668.05 838.72] 880.76/ 1126.31 1404.51
12 467.96) 645.92 810.07] 850.98 1086.79 1354.46
13 454.93  626.27] 784.81 824.68 1051.87] 1309.92
14 442.06) 608.88  763.03 801.68 1021.46 1270.01
15 43121 593.75 74253  780.16 992.44 1233.49
16 42152 579.98  724.38] 760.89 966.79  1199.47
17 412.09) 566.35  707.49  742.99 943.52  1168.82
18 402.62 553.96 691.82] 726.25 919.50 1139.53
19 39429 541.73 676.36| 709.75 898.63 1111.52
20 386.06) 530.66] 662.09 695.42 879.12 1085.74
21 378.94 519.72] 648.97]  680.26 859.75 1060.14
22 370.71 509.89 636.00] 666.25 841.55 1035.78
23 363.66] 500.17] 622.13  652.36 823.51 1013.58
24 356.57] 490.54] 610.38] 640.58 805.59 991.53
25 350.55| 480.98 598.72] 626.89 788.78 969.60
26 34357 472.49  587.15  615.30 774.07 948.80
27 337.55 464.06) 575.63  603.77 757.45 928.09
28 331.55 455.69] 565.19  592.31 743.91 909.47
29 32550 447.36) 554.80] 581.90 729.43 889.93
30 319.59  439.07] 545.46] 571.55 715.02 871.45
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Table 3. Thermal Power (Watts) per PWR Fuel Assembly with 4.0%

Enrichment
Years out Burnup (GWd/MTU)
of reactor 30 40 48.086 50 60 70
5 770.09] 1061.15 1331.84] 1391.24] 1763.75 2179.29
6 663.97 920.08| 1158.31] 1217.45 1556.43 1932.58
7 599.49 832.81] 1050.000 1104.90] 1415.39] 1769.36
8 556.64 773.40 975.48| 1026.12| 1317.57] 1645.32
9 527.19 731.63 920.92 969.32 1242.65 1554.50
10 503.04 697.46 878.90 924.17)] 1184.61] 1481.68
11 484.37 670.82 844.62 887.75 1136.33] 1420.64
12 468.97 648.66 814.84 857.85| 1096.79] 1369.35
13 455.72 628.80 789.56 830.34 1060.74] 1323.69
14 442.75 611.39 767.66 806.31] 1030.11] 1282.65
15 431.87 595.24 746.04 784.77) 1000.08] 1246.13
16 422.14 581.35 727.87 764.40 974.31] 1212.08
17 412.57 567.72 710.87| 746.38 949,92 1179.32
18 403.17 555.27 694.18 729.61 926.89 1149.92
19 394.80 543.01 679.68 713.07 906.000 1121.89
20 386.45 531.90 665.37| 69