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1. PURPOSE

The objective of this calculation is to determine decay heat of a pressurized-water reactor (PWR)
spent nuclear fuel (SNF) assembly with four different initial-enrichment and burnup characteristics.
The major contributing radionuclides to the decay heat are also identified and graphically presented.
The scope of this calculation is limited to the time period of the first 10,000 years after discharge
from reactors.

The results of this calculation will be used to evaluate the effects of the projected commercial spent
nuclear fuel (CSNF) inventory on the repository design based on revised nuclear energy forecasts.
This calculation was performed in accordance with the Technical Work Plan for: Waste Package
Design Description for LA (BSC (Bechtel SAIC Company)-2001). AP-3.12Q, Calculations, is used
to perform the calculation and develop the document. This calculation is associated with the
repository design activity.

2. METHOD

Decay heat and other source terms of a representative PWR SNF assembly have been generated for
a broad range of initial enrichment and burnup characteristics for one million years after discharge
from the reactors (CRWMS M&O 1999). The representative PWR SNF assembly is a Babcock and
Wilcox Mark B 15x15 PWR fuel assembly with an assumed initial heavy metal loading of 475 kg
(Section 5.2, CRWMS M&O 1999). In this calculation, decay heat of the representative PWR SNF
assembly with four enrichment-burnup characteristics is obtained from files in the compact disks that
is Attachment IV of CRWMS M&O 1999. The Microsoft (MS) EXCEL software is employed to
manipulate the files and perform simple arithmetic and plotting operations.

All electronic data are stored on an unrewritable compact disk and the control of the electronic
management of data is accomplished in accordance with the methods specified in the Technical
Work Plan for: Waste Package Design Description for LA (BSC 2001).
3. ASSUMPTIONS

No assumptions are made in this calculation.

4. USE OF COMPUTER SOFTWARE AND MODELS
4.1 SOFTWARE
4.1.1 MS EXCEL 97 SR-2

MS EXCEL 97 SR-2 was used for graphic representation and simple arithmetical manipulations in
this document. MS EXCEL is an exempted software in accordance with AP-S1.1Q, Section 2.1.1.

4.2 MODELS

No models are used in this calculation.
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S. CALCULATION

This section describes the input to generate decay heat tables for the PWR SNFs. The number of
digits in the values cited herein may be the result of a calculation or may reflect the input from the
source; consequently, the number of digits should not be interpreted as an indication of accuracy.

5.1 PWR SNF CHARACTERISTICS

Four spent fuel characteristics with combinations of initial enrichment and burnup are chosen to
represent the PWR SNF. The initial 55 enrichment in weight percent and burnup of the four SNFs
are: (1) 3% enrichment and 20 GWd/t (gigawatt days per metric tonne uranium) burnup, (2) 3%
enrichment and 30 GWd/t burnup, (3) 4% enrichment and 50 GWd/t burnup, and (4) 5% enrichment
and 70 GWd/t burnup.

5.2 DECAY HEAT INPUT FILES

As described in Section 2, decay heat and other source terms of a representative PWR SNF assembly
are provided in five compact disks as Attachment IV of the document CRWMS M&O 1999. The
files that contain the decay heat results for the four spent fuel characteristics used in this calculation
are identified in Table 1. The decay heat results for the first 10,000 years are obtained from these
files. Then, they are tabulated and presented graphically by category and by major contributing
radionuclide in Section 6.

Table 1. Spent Fuel Characteristics and Corresponding Input File Names

Spent Fuel Characteristics File Names
3% enrichment and 20 GWd/t burnup Waste.Stream.E7.R1.B6.cut
3% enrichment and 30 GWd/t burnup Waste.Stream.E7.R1.B7.cut
4% enrichment and 50 GWd/t burnup Waste.Stream.E5.R1.B10.cut
5% enrichment and 70 GWd/t burnup Waste.Stream.E2.R1.B12.cut

5.3 LIST OF MAJOR DECAY HEAT CONTRIBUTING RADIONUCLIDES

In depletion analyses, radionuclides in spent fuels are divided into three categories, light elements,
actinides, and fission products. Light elements are isotopes originating from the fuel cladding and
structural materials such as the grid plates, end-fittings, and hardware. Actinides come from the fuel
materials, uranium or plutonium. Fission products are the result of fission reactions in the fuel.

In this calculation, decay heat results of the PWR SNFs are presented in terms of the three categories
described above and in terms of the major contributing radionuclides. The 22 major radionuclides
for decay heat are listed in Table 2, of which one is a light element, 9 are actinides, and 12 are fission
products. These radionuclides contribute over 99% of the total decay heat for most of the time steps
in the first 10,000 years. Table 2 also provides the half-lives of the major radionuclides and their
mode of decay, which is represented by the radiation particles emitted.
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Table 2. List of Major Radionuclides for Decay Heat Generation

Nuclide Half Life® Category Decay Mode™®
Co-60 5.271y Light efement b(0.318), g(1.33,1.17)
Pu-238 87.7y Actinide a(5.499,5.457,.)
Pu-239 24,100y Actinide a(5.156,5.144,..)
Pu-240 6,560y Actinide a(5.168,5.124,...)
Pu-241 144y Actinide b(0.0208), a(4.897,4.853)
Am-241 432.7y Actinide a(5.486,5.443,...)
Am-243 7,370y Actinide a(5.276,5.234,...)
Cm-242 162.8 d Actinide a(6.113,6.069,...)
Cm-243 291y Actinide a(5.785,5.742,...)
Cm-244 181y Actinide a(5.805,5.763,...)
Sr-90 28.78 y Fission Product b(0.546)
Y-90 267d Fission Product b(2.281)
Rh-106 29.9s Fission Product b(3.54,...), 9(0.5119,0.6219,...)
Sb-125 2.758y Fission Product b(0.302,0.13,..), 9(0.4729,0.6005,...)
Cs-134 2.065y Fission Product b(0.658, 0.089,...)
Cs-137 30.07y Fission Product b(0.514,...)
Ba-137m 2.552 m Fission Product g(0.662)
Ce-144 2846d Fission Product b(0.318,0.185,..)
Pr-144 17.28 m Fission Product b(2.996,...), g(0.6965,2.1857....)
Pm-147 262y Fission Product b(0.224,...)
Eu-154 8.59y Fission Product b(0.58,0.27,...), g(1.2745)
Eu-155 475y Fission Product b(0.15,...)

SOURCE: °®Parrington et al. 1996.
NOTE: PDecay modes: ‘a’ for alpha particles, ‘b’ for betas particles, and ‘g’ for gamma rays.
The quantities in the parentheses are energy of the particles in MeV.
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6. RESULTS

This document may be affected by technical product input information that requires confirmation.
Any changes to the document that may occur as a result of completing the confirmation activities
will be reflected in subsequent revisions. The status of the technical product input information
quality may be confirmed by review of the DIRS database.

6.1 DECAY HEAT BY CATEGORY

The radionuclides in spent fuels are divided-into three categories, light elements (L.E.), actinides,
and fission products (F.P.). This section presents the total decay heat of the four PWR SNFs and the
decay heat contribution of each of the three categories. Table 3 contains these results, while Figures
1 to 4 represents the results graphically for each individual SNF characteristic.

6.2 DECAY HEAT BY RADIONUCLIDE
In this section, the decay heat results of the four PWR SNFs are presented in terms of 22 major

contributing nuclides listed in Table 2. Tables 4 to 7 detail the result of each radionuclide over the
first 40,000 year. Figures 5 to 8 depict the decay heat results for the four PWR SNFs.

6.3 DECAY HEAT FRACTION BY RADIONUCLIDE
In this section, the decay heat fraction of each of the 22 major contributing radionuclides of the four

PWR SNFs are presented . Tables 8 to 11 detail the rdecay heat fraction of each radionuclide over
the first 40,000 year. Figures 9 to 12 depict the decay heat fractions for the four PWR SNFs.
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Table 12 provides the attachment list, which has only one attachment. It is a compact disk, which
contains five files listed in Table 13. Each file is identified by its name, size (in bytes), and the date and
time. It should be noted that the dates and times of the first four files reflect the times at which they

8. ATTACHMENTS

were originally created in Attachment IV of CRWMS M&O 1999. For the fifth file, the time and date
are those at which the file was copied to the compact disk.

Table 12. List of Attachments

Description

Attachment Number No. of Pages

Compact Disk Containing Source Terms Files and Spread Sheets

N/A

Table 13. File Names and Attributes on the Compact Disk

File Name

Description

Size (bytes)

Date Time

Waste.Stream.E7.R1.B6.cut

3% enrichment and 20 GWd/t burnup

2,797,876

10/12/1999 | 7:09 p.m.

Waste.Stream.E7.R1.B7.cut

3% enrichment and 30 GWd/t burnup

2,827,349

10/12/1999 | 7:09 p.m.

Waste.Stream.E5.R1.B10.cut

4% enrichment and 50 GWd/t burnup

2,883,661

10/12/1999 | 6:42 p.m.

Waste.Stream.E2.R1.B12.cut

5% enrichment and 70 GWd/ burnup

2,936,479

10/12/1999 | 6:06 p.m.

00432-cal.xls

Excel spread sheets of tables and graphs 1,848,320

8/13/2001 | 3:36 p.m.
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2. Record Date 3. Accession Number

12/20/2001 ' — = Y
Ao ML . REOZOIOT D15
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JABO S. TANG N/A

6. Title/Description
DECAY HEAT OF MAJOR RADIONUCLIDES FOR PWR SPENT FUELS TO 10,000 YEARS

7. Document Number(s) 8. Version Designator
CAL-MR&-NU-000008 REV. 00

MEKR {149]03 OL
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DATA CD-ROM
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ATTACHED SOFTWARE FILE INFORMATION 4. PDFFILE SUBMITTED: ™ v NO
5. FILE NAMES(S) WITH FILE EXTENSION(S) PROVIDED BY THE SOFTWARE:

See Attached _
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Standard
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PC#116210 Windows _

13. ADDITIONAL HARDWARE/SOFTWARE REQUIREMENT USED TO CREATE FILE(S): 14. ACCESS RESTRICTIONS: (COPYRIGHT OR
LICENSE ISSUES)

None None

COMMENTS/SPECIAL INSTRUCTIONS

15. IS SOFTWARE AVAILABLE FROM SOFTWARE CONFIGURATION MANAGEMENT? YES D NO
SOFTWARE MEDIA TRACKING NUMBER _N/A
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8. ATTACHMENTS

Table 12 provides the attachment list, which has only one attachment. It is a compact disk, which
contains five files listed in Table 13. Each file is identified by its name, size (in bytes), and the date and
time. It should be noted that the dates and times of the first four files reflect the times at which they
were originally created in Attachment IV of CRWMS M&O 1999. For the fifth file, the time and date
are those at which the file was copied to the compact disk.

Table 12. List of Attachments

Description Attachment Number No. of Pages

Compact Disk Containing Source Terms Files and Spread Sheets | N/A

Table 13. File Names and Attributes on the Compact Disk

File Name Description Size (bytes) Date Time
Waste.Stream.E7.R1.B6.cut 3% enrichment and 20 GWd/t burnup 2,797,876 10/12/1999 | 7:09 p.m.
Waste.Stream.E7.R1.B7.cut 3% enrichment and 30 GWd/t burnup 2,827,349 10/12/1999 | 7:09 p.m.
Waste.Stream.E5.R1.B10.cut 4% enrichment and 50 GWd/t burnup 2,883,661 10/12/1999 | 6:42 p.m.
Waste.Stream.E2.R1.B12.cut 5% enrichment and 70 GW(d/t burnup 2,936,479 10/12/1999 | 6:06 p.m.
00432-cal.xls Excel spread sheets of tables and graphs 1,848,320 8/13/2001 | 3:36 p.m.




