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1. Purpose

This analysis is prepared by the Mined Geologic Disposal System (MGDS) Waste Package
| Development Department (WPDD) to provide pressurized water reactor (PWR) isotopic
. composition data as a function of time for use in criticality analyses. The objectives of this
evaluation are to generate burnup and decay dependant isotopic inventories and to provide these
inventories in a form which can easily be utilized in subsequent criticality calculations.
2. Quality Assurance IRFORMATION OKL
The work performed for this analysis is covered by a Waste Package Development (WPD) QAP-
2-0 work control Activity Evaluation entitled “Perform Criticality, Thermal, Structural, and
Shielding Analyses” (Ref. 5.1). The QAP-2-0 evaluation determined that such activities are
subject to Quality Assurance Requirements and Description (QARD) (Ref. 5.2) controls.
Applicable procedural controls are listed in the activity evaluation. The waste package is on the
Q-List (Ref. 5.3) by direct inclusion by the Department of Energy (DOE), as an item important to
safety and waste isolation; because of the direct inclusion of the waste package on the Q-List, a
QAP-2-3 evaluation is not required to be conducted.

The work reported in this document is part of the neutronic analysis for the preliminary design;
""" | thus, design inputs include unqualified data and unconfirmed assumptions. These design inputs

will require subsequent qualification (or superseding inputs) as the waste package design

| proceeds. This document will not directly support any construction, fabrication, or procurement

activity and, therefore, does not require initiation of a TBV (to be verified) number for tracking

purposes. However, use of any data or output from this analysis for input into documents

supporting procurement, fabrication, or construction is required to be controlled as TBV in

accordance with appropriate procedures.

3. Method

The SAS2H sequence in SCALE 4.2 (Ref. 5.4) is used to calculate the isotopic composition, as a

| function of time, for the PWR criticality design basis fuel assembly. The prime module of this
sequence is the ORIGEN-S code. This code does a point depletion of a selected fuel type with
user specified irradiation conditions. At the completion of the depletion calculation, decay of the
irradiated fuel with user specified time intervals is computed.

4. Design Inputs

The design inputs identified in this document are for preliminary design and shall be treated as

| unqualified data; the design inputs will require subsequent qualification (or superseding inputs)
as the waste package design proceeds. This document will not support any construction,
fabrication, or procurement activity and therefore is not required to be procedurally controlled as
TBV.
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The dimensions listed in this section and throughout this analysis are in the metric units used
directly in the neutronics codes to facilitate checking and preclude errors in input.

IRFORMATION ONLY

4.1 Design Parameters

The fuel assembly upon which this calculation is based is the B&W 15 x 15 fuel assembly. The
mechanical parameters and typical operating parameters for this assembly type are shown in the
two tables below.

Table 4.1-1 Mechanical Parameters of B&W 15x15 Fuel Assembly

Radius
Parameter Value Units Metric Units {(cm) Ref
| | Fuel Rods 208 | /assbly 208 | /assbly | 5.5
| [ Fuel Rods on a Lattice Side 15 | /side 15 /side 5.5
| | Guide Tubes 16 | /assbly 16 | /assbly 5.5
| | Instrumentation Tubes 1 | fassbly 1 | /assbly 55
Total Guide + Instrument Tubes 17 | /assbly 17 | /assbly -
{ | Clad/Tube Material ZIRC-4 ZIRC-4 5.5
| | Fuel Pellet OD 0.3686 | inches | 0.936244 | cm 0.468122 | 5.5
| | Fuel Stack Height 141.8 | inches | 360.172 | cm 5.5
| [ Massof U 1023 | Ib 464 | kg 5.6
| | Mass of UO, 1160.64 | Ib 526.38 | kg 5.5
| | Percent of Theoretical Density 95 | %. 95| % 5.5
| | Fuel Clad OD 0.430 | inches 1.0922 | cm 0.5461 5.5
| | Clad Thickness 0.0265 { inches | 0.06731 | cm 5.5
Fuel Clad ID” 0.377 | inches | 0.95758 | cm 0.47879 -
| { Fuel Rod Pitch 0.568 | inches 1.44272 | cm 5.5
| { Guide Tube OD 0.530 | inches 1.3462 | cm 0.6731 5.5
| { Guide Tube Thickness 0.016 | inches { 0.04064 | cm 5.5
Guide Tube ID 0.498 | inches 1.26492 | cm 0.63246 -
| | Instrumentation Tube OD 0.493 | inches 1.25222 | cm 0.62611 | 5.5
| | Fuel Assembly Envelope ' 8.536 | inches 21.6814 | cm 5.5

| ~ The inner diameters (IDs) above are calculated by subtracting 2 X thickness from the outer
| diameter (OD).
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The values listed in Table 4.1-2 are preliminary and were obtained through a phone conversation
with Framatome Cogema Fuels (formerly B&W Fuel Company) personnel.

Table 4.1-2 Typical Assembly/Cofe Operating Parameters for a B&W 15x15 Fuel Assembly

Parameter Value Units | Metric Units Ref
Pellet Average Fuel 1200 | °F 922 | k BWEC
Temperature )
Maximum (peaked) Pellet 1295 | °F 975 | K BWEC
Average Fuel Temperature
50-75 28-42
Clad Temperature above | °F above | K BWFC
moderator moderator

Average Core Exit Moderator 612 | °F 505.4 | K BWFC
Temperature
Peak que Exit Moderator 634 | °F 607.6 | K BWEC
Temperature
Core Exit Moderator Densi ; 0.6272 | gfem® | S @

erator Density - . m 607.6 K
Maximum Beginning of Cycle
Boron Concentration 1030 | ppm ] i BWFC
Number of Assemblies in the 177 177 BWEC
Core
Total Core Thermal Power 2568 | MWth | BWFC
Typical Power Peaking Across 12 i ) ) BWEC
Core
Capacity Factor (lowest

: 0.6 - - - -

expected)
Average Specific Power MW/
MW/MTU 31.27 MTU BWFC

==

Q1

121
¥4

KINQ NOLV

The theoretical density of UO, is 10.96 g/cm”® as indicated in Table M8.2.1 of the SCALE 4.2
manual (Ref. 5.4).

The atomic weights of isotopes are listed in Table 4.1-3 below (Ref. 5.7).

| Avogadro's Number [N,] = 0.602252 (g-mol)'x10* (Ref. 5.7 p. 933). A physical constant is
| taken to be established fact that requires no additional qualification.
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Table 4.1-3 Atomic Weights (Ref 5.7)

Iotope -~ MCNPID Atomic Weight
0-16 8016.50C 15994915
nat. Mo 4200050C  95.94
Mo-95 42095.50C 94905839
Tc-99 43009.50C  98.90627501 -
Ru-101  44101.50C  100.905576 IKFOREATION onyy
Rh-103  45103.50C  102.905511
Agl09  47100.50C  108.904756
nat.Cd  48000.50C 1124
Cs-133  55133.50C  132.905355
Cs-135  55135.50C 13490577
Nd-143  60143.50C  142.909779
Nd-145  6014550C  144.912538
Sm-147  62147.50C  146.914867
Sm-149  62149.50C 14891718
Sm-150  62150.50C  149.917276
Sm-151  6215150C  150.919919
Sm-152  6215250C  151.919756
Eu-151  6315155C  150.919838
Eu-153  63153.55C 152921242
Eu-154  63154.50C 153923053
Gd-155  6415550C  154.922664
Gd-157  64157.50C  156.924025
U-233 92233.50C  233.039522
U-234 9223450C  234.040904
U-235 92235.50C  235.043915
U-236 92236.50C  236.045637
U-238 92238.50C  238.05077
Np-237  93237.55C  237.048056
Pu238  94238.50C  238.049511
Pu239.  94239.55C  239.052146
Pu240  94240.50C  240.053882
Pu241  9424150C  241.056737
Pu242  9424250C  242.058725
Pu243  0424335C  243.061972
Am241  9524150C  241.056714
Am242m  95242.50C  242.059502
Am-243  0524350C  243.061367
Cm-243  9624335C  243.06137

Cm-245

96245.35C

245.065371
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4.2 Criteria

This design analysis provides input for criticality analyses which evaluate whether waste package
designs meet the repository criticality control design criteria from requirement documents. The
Mined Geological Disposal System Requirements Document (Ref. 5.8) and the Engineered
Barrier Design Requirements Document (Ref. 5.9) have criteria which pertain to criticality
analyses. Reference 5.9 is the lower level document and contains all of the criteria listed in
Reference 5.8. The criteria cited that have bearing on this analysis are the following:

EBDRD Requirements (Ref. 5.9)
“3.2.2.6 CRITICALITY PROTECTION IREQRIATION ORLY

A. The Engineered Barrier Segment shall be designed to ensure that a nuclear
criticality accident is not possible unless at least two unlikely, independent, and
concurrent or sequential changes have occurred in the conditions essential to nuclear
criticality-safety. Each system shall be designed for criticality safety under normal and
accident conditions. The calculated effective multiplication factor must be sufficiently
below unity to show at least a five percent margin, after allowance for the bias in the
method of calculation and the uncertainty in the experiments used to validate the methods
of calculation.

[MGDS-RD 3.2.2.6.A] [10CFR60.131(b)(7)]

B. To mitigate the potential for nuclear criticality, the Engineering Barrier Segment
shall be designed and constructed to comply with the nuclear criticality requirements
specified by DOE order 6430.1A, 1300-4.

[MGDS-RD 3.2.2.6.B] [DOE Order 6430.1A, 1300-41"

“3.7.1.3 INTERNAL STRUCTURE REQUIREMENTS

A. The internal structure shall provide separation of the waste forms such that nuclear
criticality shall not be possible unless at least two unlikely, independent, and concurrent
or sequential changes have occurred in the conditions essential to nuclear criticality
safety. The calculated effective multiplication factor (k.¢) must be sufficiently below
unity to show at least a five percent margin after allowance for the bias in the method of
calculation and the uncertainty in the experiments used to validate the methods of
calculation (TBD). [MGDS-RD 3.2.2.6.A][10CFR60.131(b)(7)]"

This document provides SNF composition data which may potentially be used in subsequent
analyses for calculation of k., values. This document does not directly address the above listed
requirements, but provides input for future analyses which may address these requirements. This
document will not directly support any construction, fabrication, or procurement activity and
therefore is not required to carry TBV (to be verified) or TBD (to be detérmined) items '
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associated with criteri i . A Ay
| assoc a to design outputs MEGETATION DRy

4.3 Assumptions

All assumptions identified in this section will require verification (or superseding assumptions)
as the waste package design proceeds and should be treated as unconfirmed items for preliminary
design. For this preliminary design, that will not be used to support procurement, fabrication, or
construction, the assumptions are clearly identified and traceable to a source, but are not
procedurally controlled as TBV.

43.1

432

433

43.4

Principal Isotope (PI) burnup credit is an acceptable criticality control mechanism for the
waste package. (CDA Key 009, Ref. 5.10). This assumption is used throughout Section
7.

The Reference PWR fuel assembly selected for conceptual development is the B&W 15 x
15 fuel type, which has been established as one of the more reactive PWR fuel designs
under intact fuel assembly and fixed Multi-Purpose Canister (MPC) geometry conditions
(Ref. 5.11 p. I1.A.3-35). This assumption is used throughout Section 7.

It is assumed that the criticality design basis fuel (DBF) characteristics are 3.0% U-235
enrichment and 20 GWd/MTU burnup. The basis for this assumption is a re-evaluation
of the DBF in which scoping analysis indicates this DBF bounds (regarding criticality)
98% of the PWR SNF. This is more appropriate than the previous analysis which
designated a primary criticality DBF with characterisitics of 3.75% U-235 enrichment and
32 GWd/MTU and a secondary criticality DBF with characteristics of 3.75% U-235
enrichment and 18 GWd/MTU providing reactivity coverage of 80% and 96% (Ref. 5.12,
p. 11), respectively. Re-evaluation of the DBF will be finalized in early FY97 to verifiy
these characteristics. This assumption is used throughout Section 7.

For SNF, the list of "Principal Isotopes" previously established (Ref. 5.13 p 4-4) for long-
term criticality control was used. The 29 principal isotopes are shown in Table 4.3-1.
This assumption is used in Sections 7.3.2 and 7.4.

Table 4.3-1 Principal Long-Term Burnup Credit Isotopes

- Mo-95 Ru-101 Tc-99 Rh-103
Ag-109 Nd-143 Nd-145 Sm-147 Sm-149
Sm-150 Sm-1351 Sm-152 Eu-151 Eu-153
! Gd-155 | U-233 U-234 U-235 U-236
U-238 Np-237 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Am-241 Am-242m Am-243
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435

4.3.6

437

438

4.3.9

4.3.10

43.11

4.3.12

The assembly specific power is assumed to be a reasonable "minimum" value of 7.25
MW!/assembly. This assumption should maximize the reactivity of the decayed SNF as
documented in ORNL/TM-12973 (Ref. 5.14) studies using a similar group of isotopes as
included in this analysis. The use of this value will require verification through a
parametric analysis applicable to PI burnup credit. This assumption is used i [12 Secuor;v
737 ' ” FCT?‘;usui‘ ’\-"

The maximum core outlet temperature for B&W 15x15 reactor cores (607.6 K) is used
and the reactor operating pressure is assumed to be saturation for the purposes of
calculating moderator density. Minimizing moderator density should result in
maximizing SNF residual reactivity consistent with DOE/RW-0472, Chapter 4
assumptions (Ref. 5.15). The use of this value will require verification through a
parametric analysis applicable to PI burnup credit. This assumption is used in Sections
7.3.4 and 7.3.5.

The maximum pellet average temperature is assumed to be 975 K based on personal
communication with BWFC personnel. This is a volume weighted average. The use of
this value will require verification through a parametric analysis applicable to PI burnup
credit. This assumption is used in Section 7.3.2.

The maximum beginning of cycle, hot full power boron concentration is assumed to be
1050 ppm based on personal communication with BWFC personnel. This is the
maximum parts per million boron (ppmb) with Xe and Sm equilibrium buildup. The use
of this value will require verification through a parametric analysis applicable to PI
burnup credit. This assumption is used in Section 7.3.5.

The clad temperature is assumed to be 42 K higher than the moderator temperature based
on personal communication with BWFC personnel. The use of this value will require
verification through a parametric analysis applicable to PI burnup credit. This
assumption is used in Section 7.3.3.

SAS2H/ORIGENS-S is assumed to provide reasonable predictions of isotopic
compositions for a low power criticality event in a waste package over several thousand
years. This assumptions will require future verification. This assumption is used in
Section 7.5.2.

The temperature in a waste package during a long term low power criticality event is
assumed to be an average of 373 K and the water density is assumed to be 1.0 g/cm®.
SAS2H allows only a single average temperature to be entered as was required for this
case. This assumption is used in Section 7.5.1.

The power level in a waste package during a long term low power criticality event is
assumed to be 2.182 kw (Ref. 5.20, p. 55). This assumption is used in Section 7.5.2.
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| 4.4 Codes and Standards
Not Applicable.
5. References

5.1 "Perform Criticality, Thermal, Structural, and Shielding Analyses," Document Identifier
(DI) Number: BB0000000-01717-2200-00025 REV 02, Civilian Radioactive Waste
Management System (CRWMS) Management and Operating Contractor (M&O).

5.2 Quality Assurance Requirements and Description (QARD), DOE/RW-0333P, REV 5, U.
S. Department of Energy (USDOE) Office of Civilian Radicactive Waste Management
(OCRWM). :

5.3 Yucca Mountain Site Characterization Project Q-List, YMP/90-55Q, REV 3, Yucca
Mountain Site Characterization Project.

5.4 SCALE 4.2, RSIC Computer Code Collection, CCC-545, Oak Ridge National Laboratory,
September 1994.

5.5  Preliminary Waste Form Characteristics Report Version 1.0, UCRL-ID-108314 Rev 1,
Lawrence Livermore National Laboratory (LLNL), page 2.1.2.2-6, December 1994.

5.6  Characteristics of Potential Repository Wastes, DOE/RW-0184-R1, Volume 1, USDOE
OCRWM, page 2A-8, July 1992,

5.7 Benedict, Manson, et al., Nuclear Chemical Engineering, Second Edition, McGraw-Hill
Book Company, New York, 1981.

5.8  Mined Geological Disposal System Requirements Document, DOE/RW-0404P, DI#:
| B00000000-00811-1708-00002 REV 02 ICN 1, USDOE OCRWM.

5.9  Engineered Barrier Design Requirements Document, YMP/CM-0024, REV 0, ICN 1,
Yucca Mountain Site Characterization Project.

5.10 Controlled Design Assumptions (CDA) Document, DI#: BO0000000-01717-4600-00032
REV 03, CRWMS M&O. (TBV-221-DD)

5.11 "Multi-Purpose Canister (MPC) Implementatioh Program Conceptual Design Phase
Report, Volume II A - MPC Conceptual Design Report”, DI#: A20000000-00811-5705-
] 00002 Rev 00, CRWMS M&O, Pages I1.A.3-35.

| 5.12 "Waste Package Design Basis Fuel Analysis,” DI#: BBA000000-01717-0200-00121 REV
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| 00, CRWMS M&O. INFORTATION ORLY

5.13 "Disposal Criticality Analysis Technical Report,” DI#: BO0000000-01717-5705-00020
REV 00, CRWMS M&O.

5.14 DeHart, M. D.,'Sensitivity and Parametric Evaluations of Significant Aspects of Burnup
Credit for PWR Spent Fuel Packages, ORNL/TM-12973, Oak Ridge National
Laboratory, June 1995.

5.15 Topical Report of Actinide-Only Burnup Credit for PWR Spent Nuclear Fuel Packages,
DOE/RW-0472, USDOE OCRWM, May 1995.

| 5.16 “Characteristics Data Base (CDB_R)," CSCI#: AG0000000-02268-1200-20002 V1.1
REV 01, CRWMS M&O.

5.17 Bowman, S. M., and O. W. Hermann, SCALE-4 Analysis of Pressurized Water Reactor
Critical Configurations: Volume 3 - Surry Unit 1 Cycle 2, ORNL/TM-12294/V2, Oak
Ridge National Laboratory, March 1995, page 18.

5.18 Incropera, F. P., and D. P. Dewitt, Fundamentals of Heat Transfer, John Wiley & Sons,
NY, 1981, Table A.6, page 783.

5.19 LaMarsh, J. R., Introduction to Nuclear Engineering. 2nd Edition, Addison-Wesley
Publishing Company, Reading, MA, 1983, page 34.

| 520 "Second Waste Package Probabilistic Criticality Analysis: Generation and Evaluation of

Internal Criticality Configurations,” DI#: BBA000000-01717-2200-00005 REV 00,
CRWMS M&O.

6. Use of Computer Software

6.1 Scientific and Engineering Software

SCALE 4.2 CSCI 30004 V1.0 Rev 0. Hewlett Packard Apollo 9000, Series 735 Workstations

The SAS2H sequence of the SCALE 4.2 code system (Ref. 5.4) was used for this analysis. This
software was designed for PWR fuel depletion calculations to determine spent fuel isotopic
content, decay heat rates, and radioactive source terms. The application to PWR fuel depletion in
a reactor is appropriate for the use of this software and falls within the range of validation of this
software. The application to long term low power depletion in a waste package does not fall
within the range of validation and must be validated in the future. The associated
27BURNUPLIB cross section library was used for these calculations.
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A benchmarking and result biasing methodology is in the process of being developed for SAS2H.
Bias and uncertainties are applied to the MCNP results which are based on input from SAS2H.

; NEORTEATION Q1LY
6.2 Computatxopal Support Software ‘u st i Wi

LOTUS 1-2-3, Release 4.01 for Windows was used to calculate the isotopic number densities
from the g/assembly output per time step provided in the SAS2H/ORIGEN-S output.

7. Design Analysis

This analysis is performed to provide the isotopic inventories as a function of time for the design
| basis PWR fuel and to provide the change in activity of the isotopic inventories as the result of a
| long term low power criticality event in a waste package.

7.1 Background

Previous analyses have been performed based on spent nuclear fuel (SNF) isotopic compositions
obtained from the Characteristics Data Base (CDB) (Ref. 5.16). This is a preliminary analysis to
generate PWR SNF isotopic compositions using SCALE 4.2 (Ref. 5.4). The data in the CDB
was generated based on nominal fuel and operating characteristics. SCALE 4.2 can utilize
bounding physical and operating paramaters as input to provide a conservative estimate of
isotopic inventories.

7.2 Evaluation Procedure

The evaluation procedure is broken into three major tasks, with subtasks in each. The general
procedure is as follows:

1) Parameter (Input) Identification
a) Develop physical fuel description - mechanical parameters
b) Obtain typical operating parameters

2) Run SCALE 4.2
a) Calculate/ determine input parameters from task 1 for burnup calculation
b} Determine decay time steps required for isotopic inventories

3) Process Output
a) Using a spreadsheet, calculate isotopic number densities based upon
selected output
b) Format and extract number densities in a form suitable for use in MCNP

The results of task 1 are listed in Section 4.1. Details of tasks 2 and 3 are presented in Sections
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7.3 and 7.4, respectively.
7.3 Code Input Calculations WEOEFL
'7.3.1 SAS2H Data Block 5 Input
| Table 4.1-1 provides the dimensions required for Data Block 5 in the SAS2H input file. The data
| ;s :gg\;—v{n in the table below. The material numbers are standard (Ref. 5.4, p. S.2.5.10) for

Table 7.3.1-1 - Data Block 5

PITCH 1.44272
FUELOD 0.936244

1
MMOD 3
CLADOD 1.0922
MCILAD 2
CLADID 095738
MGAP 0

7.3.2 Fuel Density and Composition Calculations

The effective density to be used in the calculations is determined by dividing the UO, mass in
Table 4.1-1 by the volume of the fuel in the assembly. The dimensions necessary to calculate the
volume of fuel in the assembly are available in Table 4.1-1. The density is calculated as follows:

Puos = UO, mass/ {m*(fuel pellet radius)? * fueled height * # of fuel
| Rods/assembly }
526.38 kg / {7*(0.468122 cm)® * 360.172 cm * 208} = 10.206 g/cm’

The theoretical density of UQ, is listed as 10.96 g/cm’ in the SCALE 4.2 database (Ref. 5.4).
Therefore, the effective density of fuel is 93.12% of theoretical.

The isotopic distribution of the uranium is determined by the given initial enrichment and the
following emperical relationship (Ref. 5.17).

wt%zu = 0.00773 1(Wt%235)1'0837,
wt%m = 0.0046Wt%235,
Wt%233 = 100% - wt%zy - wt%us - Wt%236

Using this formulation, the fresh fuel isotopics for 3.00% U,;, enrichment was calculated as

shown in Table 7.3.2-1. The U-234 and U-238 concentrations were found to be in error in the
| check of Rev 00. The wt% used was 0.0240 and 96.9622, for U-234 and U-238, respectively.

These minor variations compared to the values in Table 7.3.2-1 would have no effect on the
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! resulting calculations. For consistency, these concentrations were also used in Rev 01 since only
| variations of the original case were run.

Table 7.3.2-1 Isotopic Breakdown of Uranium for 3% U,,; Enrichment.

ISOTOPE WT%
U-234 0.0254
U-235 3.0000 e e
U-236 0.0138
U-238 96.9608

A trace amount of the fission products for which time dependant cross sections are desired are

input along with the U mass fractions on the UO, "standard composition specification data” cards

as described in Section S2.5.4.1 in the SCALE 4.2 manual (Ref. 5.4). The peak fuel temperature
| (975 K) from Table 4.1-2 is also entered on each of these cards.

7.3.3 Clad Temperature

The clad temperature is calculated by adding the maximum of 42 K to the peak moderator
temperature of 607.6 K, as indicated in Table 4.1-2, giving approximately 650 K. Using the peak
or maximum is consistent with the temperatures used for the other material regions. This

| information is listed on a zircaloy standard composition card as material 2.

7.3.4 Moderator Density

The maximum moderator temperature is assumed to provide a minimum moderator density and
maximum temperature to result in maximum SNF residual reactivity consistent with Chapter 4-of
the Burnup Credit Topical Report (Ref. 5.15). A temperature of 607.6 K is used from Table 4.1-
2. The corresponding density is interpolated from the values listed for saturated water (Ref. 5.18)
shown in Table 7.3.3-1. The density for 590 K is also included for trending and estimation of the
density corresponding to the average exit temperature (595.4 K).

Table 7.3.3-1 Saturated Water Properties from E;mdmngmals_QLHgaLImnsfﬂ (Ref. 5.18)

Temp (K) | Specific Volume (cm3/g) Calculatcd Density
(Inverse Specific
Volume, g/cm?)
590 1.482 0.674764
600 1.541 0.648929
610 1.612 0.620347

The density at 607.6 K is determined as shown below:

{(.648929 - .620347)/(600 - 610)}(607.6 - 600) + .648929 = 0.6272
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The moderator temperature and density are entered on a H,O standard composition card as
material number 3.

[prooes

ATiIA
R RV SN0

SRR
7.3.5 Boron Concentration PR

As indicated on page S2.5.12 of the SCALE 4.2 manual (Ref. 5.4), the average boron
concentration is calculated by dividing the beginning of cycle value by 1.9. The beginning of
cycle value is taken from Table 4.1-2 and the average value is determined to be 552.6 ppm.

The boron concentration along with the moderator temperature and density are entered on an -
arbitrary material card as described in Table M7.4.5 in the SCALE 4.2 manual (Ref. 5.4) as
material number 3.

7.3.6 SAS2H Data Block 8 Input

This problem is making use of the larger unit cell capability of SAS2H. Therefore, the inputs for
Data Block 8 must be determined. Four zones are modeled using information from Table 4.1-1.

Moderator

Guide tube

Fuel
Moderator

Figure 7.3.6-1 - Larger Unit Cell Model

The first radius, r,, corresponds to the actual ID of the guide tube (OD of the moderator channel)
with a material set to that of the moderator. r; = 0.63246 cm. The second radius, r,, is the actual
OD of the guide tube with the material set to that of the cladding. r, = 0.67310 cm. The third
radius, 15, is calculated to give an equal area equivalent to the maximum area of the fuel cell (or
the pitch squared). The fourth radius is calculated to preserve the fuel to moderator ratio with the
material set to a special number in the code -- 500. The method was determined in consultation
with the author of the program at the Radiation Shielding Information Center (RSIC) at Oak
Ridge National Laboratory.

The third radius is determined by setting the maximum area of the fuel cell equal to the area of
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the equivalent circle.

2 2.5
52___an3 r3=__— ityr‘f"\w"gwe"r!—‘“'r £ 1y
T e UREATION GRLY
2
s s 1.44272
r3: —=—="_"""20.814cm

oy =

where r; = the third radius of the larger unit cell encompassing the moderator
s = side of the square (or the rod pitch in this case)

The fourth radius is calculated by taking a ratio of the number of available positions for fuel rods
in the assembly to the number of positions used by the guide tubes and instrumentation tubes.
For this model, the instrumentation tube is taken as equivalent to a guide tube. This ratio is set
equal to the ratio of the areas of the fuel and moderator. '

2 2
positions _ TXT, _ T4

2 2
Ngm’detubes TXr; r 3

N_ .
2_2 positions
r4 _r3 b R shubdtiduthodi

guidetubes

N__
r4=J ré’x_;rﬂwa:\J 0.8142x 13X13 5 o671 ey
guidetubes 17

where 14 = fourth radius of the larger unit cell encompassing the fuel
Nipositions = total number of available positions in the lattice structure
Nguidetubes = Number of positions taken up by instrument & guide tubes

To summarize and group these radii and material numbers with the keywords used in the Data
Block 8 input table in the SAS2ZH manual, the Table is presented below:
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Table 7.3.6-1 Data Block 8 BRI
MIXES 3 | Material No. for the moderator
RADIUS 0.63246 | cm
MIXES 2 | Material No. for the Zircaloy
RADIUS 0.67310 { cmn
MIXES 3 | Material No. for the moderator
RADIUS 0.814 | cm
MIXES 500 | Special Material No. for fuel in the larger unit cell
RADIUS 2.961 | cm

7.3.7 Specific Power and Effective Full Power Days Calculations

"The calculated average assembly specific power is 2568 MW / 177 assemblies, or 14.51
MW/assembly. The reasonable minimum assembly specific power is calculated as follows:

| 1. . Divide the average specific power by 1.2 (Table 4.1-2) to account for variation in
| assembly power across the core; 14.51/1.2 = 12.09 MW/assembly.

2. Multiply the minimum core assembly specific power by a capacity factor assumption of
] 0.6 (Table 4.1-2); 0.6 x 12.09 = 7.25 MW/assembly.

-The Effective Full Power Day (EFPD) input is calculated for the desired burnup assuming the
| minimum assembly power and an assembly uranium loading of 0.464 MTU/assembly (Table 4.1-
| 1): EFPD = Burnup of 20,000 (MWd/MTU) x 0.464 (MTU/assembly) / 7.25 (MW/assembly) =
1280 days. The power and burn values are entered in Data Block 9.

The burnup calculation was divided into 8 substeps through use of the nlib/cyc entry in Data
Block 8.

7.3.8 Decay Input

The decay out to 1 million years was run as a separate case from the burnup caiculation. The
decay case is a stand alone ORIGEN-S problem which utilizes the output from the SAS2H
burnup calculation and decays to a number of specified times.

The ORIGEN-S case was run immediately after the corresponding SAS2H case and utilized the
final binary cross section file on unit 21 from the SAS2H case. The case input and output are
included in Attachment II. The fact that the correct SAS2H generated library is used (unit 21) is
verified by comparing the final downtime print of concentrations in the SAS2H output with the
concentrations in the corresponding decay times in the ORIGEN-S output (compositions will
match). The library contains only the final cycle step (1 position in library). The library unit
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number and data position are entered in the input by the following line:

THTODINATI ) G o
L B N R Y \"NL 3N

3352101e

The decay times are gi'ouped in 10 steps with the units changing from days to years as
appropriate. Based on the SAS2H input, the activities and masses listed in the output are per
assembly.

7.4 Number Density Calculations Using ORIGEN-S Output

| The grams/assembly output per time step from Attachment Il was used to calculate the number
| density of each of the Principal Isotopes using a LOTUS 1-2-3 spreadsheet. The equation for
number density is shown below (Ref. 5.19).

N =pN,/M

where p is the physical density in g/cm?,
N, is Avagadro's Number - 0.602252E+24 atoms/mole,
and M is the gram atomic weight.

The units of the resulting number density is in atoms/cm®. The required units for subsequent use
are atoms/b-cm where 1 barn equals 10%* cm?. The calculations in the spreadsheet drops the
E+24 from Avagadro's Number to account for the conversion. As a conservatism in the
criticality calculations which will use these number densities, the values are adjusted up to a 96%
theoretical density.

The input and output from these calculations are shown in Attachment OL
7.5 Effects of Long Term Low Power Criticality in the Waste Package
An additional set of calculations were performed to demonstrate the effects of a long term low

power criticality in the waste package per the request of the originators of Ref. 5.20. These
calculations required minor modifications of the previous SAS2H and ORIGEN-S inputs.

7.5.1 SAS2H Input Modifications

Minor changes as indicated below were made to the SAS2H input to facilitate cross section
production at an appropriate temperature for the criticality effects calculations performed using
ORIGEN-S. The nlib/cycle entry was changed to 1 from 8 and ncycles was increased to 9 from 1
in Data Block 8. Instead of 1 cycle at 7.25 MW/assembly for 1280 days, the Data Block 9 entries
were changed to eight cycles at 7.25 MW/assembly for 160 days each with 0 down time between
each cycle. The ninth cycle was set up with an arbitrary low power level (4.976E-5
MW/assembly} for 1 day with the addition of the following parameters which are assumed



Waste Package Development Design Analysis

Title: SAS2H Generated Isotopic Concentrations for B&W 15x15 PWR Assembly

Document Identifier: BBAOQO000-01717-0200-00012 REV 01 Page 20 of 25

representative of the postulated criticality in the waste package (Assumption 4.3.1 1)-. INF a Rira Tig ’
[NV 6] [[.,.
bfrac (boron fraction) - 0.
_h2ofrac (inverse of the density in reactor calculation to bring density=1 g/cm® - 1.594
temkcyc (modified temperature of all materials in current cycle) - 373K

SAS2H is limited to a single average temperature using this method. The input for this case
(s3020ucf4.in) is included in Attachment IV. The output is essentially the same as that included

in Attachment I for the original SAS2H case.

7.5.2 ORIGEN-S Input Modifications

Four ORIGEN-S cases were run based on the binary output files created by the SAS2H case
discussed in Section 7.5.1. The data used includes cross sections and isotopic compositions from
the last cycle run.

The first case (s3020ucfol.in) is the same as the case described in Section 7.3.8 with minor
modification to the time step edits and the addition of activity edits in curies for comparison to
the long term low power criticality event simulations that follow. The input for this case is
included in Attachment V and the activity edits from the output are summarized in Attachment
VI

The second through fourth cases (joklo7.in, joklo8.in, and jokl09.in) have depletion at a power
level of 1.039-4 MW/assembly (2.182 kw/waste package divided by 21 assemblies/package) for
periods of 10,000, 1000, and 5000 years, respectively, starting 15,000 years after discharge from
the reactor cycles. The inputs for these cases are included in Attachments VII through IX. The
summarized activity edits for these three cases are included in Attachment X for times after the
depletion at a low power level which simulates a criticality event over a long time period.

The summarized grams/assembly table for the 15,000 year decay point of the decay only case is
included in Attachment XI. The summarized grams/assembly tables for the criticality cases for
the 10 decay times immediately following the criticality are included in Attachment XII.

8. Conclusions

The number densities calculated as indicated in Section 7.4 are shown in TableA 8.1 for each
isotope for 27 time steps from 1 to 999,999 years. '

The activity tables generated in the cases for long term low power criticality simulations in a
waste package are included in Attachments VI and X. The neutron flux distribution between the
fast, epi-thermal, and thermal groups is provided from s3020ucf4.out (summarized in Attachment
XIIT) to demonstrate the components of the total flux indicated in Attachment X.
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Table 8-1 Number Densities as a Function of Time for 3.0% Enriched, 20GWD/MT Burmnup B&W 15x15 SNF

MCNP 1D

8016.50C
42095.50C
43099.50C
44101.50C
45103.50C
47109.50C
60143.50C
60145.50C
62147.50C
62149.50C
62150.50C
62151.50C
63151.55C
62152.50C
63153.55C
64155.50C
92233.50C
92234.50C
92235.50C
92236.50C
92238.50C
93237.55C
94238.50C
94239.55C
94240.50C
94241.50C
94242.50C
95241.50C
95242.50C
95243.50C

1 years . 5 years
NUMBER DENSITY (atoms/b-cm)
4.6947E-02  4.6947E-02
2.8413E-05  2.8413E-05
2.8116E-05  2.8116E-05
2.6008E-05  2.6008E-05
1.6846E-05 1.6846E-05
24208E-06  2.4208E-06
2.2660E-05  2.2660E-05
1.6864E-05 1.6864E-05
3.6054E-06  6.0472E-06
1.1479E-07 1.1479E-07
6.4561E-06  6.4561E-06
4.9056E-07  4.7620E-07
5.0253E-09 1.9942E-08
2.9636E-06  2.9636E-06
2.1255E-06  2.1255E-06
3.7532E-08 1.3132E-07
5.2691E-11 6.1989E-11
4.1561E-06  4.2024E-06
3.2267E-04  3.2267E-04
7.1910E-05  7.1910E-05
2.2352E-02  2.2352E-02
6.5004E-06  6.5512E-06
1.4989E-06 1.4817E-06
1.3244E-04 1.3244E-04
3.3700E-05  3.3700E-05
1.9277€E-05 1.5881E-05
3.5211E-06  3.5211E-06
1.8028E-06  5.1438E-06
2.1385E-08  2.0938E-08
5.0023E-07  5.0023E-07

10 years

4.6947E-02
2.8413E-05
2.8116E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
6.9977E-06
1.1479E-07
6.4561E-06
4,5786E-07
3.7889E-08
2.9636E-06
2.1255E-06
1.9193E-07
7.2321E-11
4.2590E-06
3.2267E-04
7.1910E-05
2.2352E-02
6.6019E-06
1.4210E-06
1.3244E-04
3.3700E-05
1.2485E-05
3.5211E-06
8.5397E-06
2.0440E-08
5.0023E-07

20 years

4 6947E-02
2.8413E-05
2.8116E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3255E-06
1.1479E-07
6.4561E-06
4.2436E-07
7.1869E-08
2.9636E-06
2.1255E-06
2.3467E-07
9.3501E-11
4 3670E-06
3.2267E-04
7.1910E-05
2.2352E-02
6.7543E-06
1.3148E-06
1.3244E-04
3.3650E-05
7.6907E-06
3.5211€-06
1.3134E-05
1.9446E-08
5.0023E-07

50 years

4.6947E-02
2.B413E-05
2.8116E-05
2.6008E-05
1.6846E-05
2.4208E-06

2.2660E-05 _

1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
3.3661E-07
1.6953E-07
2.9636E-06
2.1255E-06
2.4710E-07
1.6324E-10
4.6447E-06
3.2267E-04
7.2420E-05
2.2352E-02
7.5669E-06
1.0418E-06
1.3244E-04
3.3699E-05
1.8078E-06
3.5211E-06
1.8228E-05
1.6810E-08
4,9528E-07

100 years

4.6947E-02
2.8413E-05
2.7994E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479€-07
6.4561E-06
2.2893E-07
2.6722E-07
2.9636E-06
2.1255E-06
2.4710E-07
2.9755E-10
4.9842E-06
3.2318E-04
7.2420E-05
2.2352E-02
9.0396E-06
7.0293E-07
1.3194E-04
3.3399E-05
1.6131E-07
3.5211E-06
1.8378E-05
1.3129E-08
4.9478E-Q7

200 years

4.6947E-02
2.8413E-05
2.7994E-05

" 2.6008E-05

1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
1.0609E-07
3.9006E-07
2.9636E-06
2.1255E-06
2.4710E-07
6.3539E-10
5.3494E-06
3.2318E-04
7.2930E-05
2.2352E-02
1.1782E-05
3.2163E-07
1.3194E-04
3.3048E-05
1.2884E-09
3.5211E-06
1.5781E-05
8.0567E-09
4.9033E-07

Total 7.005442E-02 7.005698E-02 7.005804E-02 7.005831E-02 7.005883E-02 7.005849E-02 7.005861E-02
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Table 8-1 Number Densities as a Function of Time for 3.0% Enriched, 20GWD/MT Burnup B&W 15x15 SNF

Continued
MCNP ID

8016.50C
42095.50C
43099.50C
44101.50C
45103.50C
47109.50C
60143.50C
60145.50C
62147.50C
62149.50C
62150.50C
62151.50C
63151.55C
62152.50C
63153.55C
64155.50C
92233.50C
92234.50C
92235.50C
92236.50C
92238.50C
93237.55C
94238.50C
94239.55C
94240.50C
94241.50C
94242.50C
95241.50C
95242.50C
95243.50C

300 years 400 years
NUMBER DENSITY (atoms/b-cm)
4.6947E-02  4.6947E-02
2.8413E-05  2.8413E-05
2.7994E-05  2.7994E-05
2.6008E-05  2.6008E-05
1.6846E-05 1.6846E-05
2.4208E-06  2.4208E-06
2.2660E-05  2.2660E-05
1.6864E-05 1.6864E-05
7.3501E-06  7.3501E-06
1.1479E-07 1.1479E-07
6.4561E-06  6.4561E-06
4 9056E-08  2.2733E-08
4.4669E-07  4.7301E-07
29636E-06  2.9636E-06
2,1255E-06  2.1255E-06
24710E-07  2.4710E-07
1.0538E-09 1.5446E-09
5.5552E-06  5.6066E-06
3.2369E-04  3.2421E-04
7.2930E-05  7.3440E-05
2.2352E-02  2.2352E-02
1.4118E-05 1.6099E-05
1.4767E-07  6.8270E-08
1.3144E-04 1.3093E-04
3.2697E-05  3.2396E-05
1.3983E-11 3.7655E-12
3.5211E-06  3.5211E-06
1.3434E-05 1.1486E-05
4.9136E-09  3.0088E-09
4.8537E-07  4.8092E-07

500 years

4.6947E-02
2.8413E-05
2.7994E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
1.0529€E-08
4.8498E-07
2.9636E-06
2.1255E-06
2.4710E-07
2.0973E-09
5.6580E-06
3.2472E-04
7.3950E-05
2.2352E-02
1.7825€-05
3.1556E-08
1.3043E-04
3.2045E-05
3.6556E-12
3.5211E-06
9.7882E-06

1.8401E-09 .

4.7646E-07

1000 years

4.6947E-02
2.8413E-05
2.7994E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
2.2335E-10
4.9535E-07
2.9636E-06
2.1255E-06
2.4710E-07
5.4757E-09
5.7095E-06
3.2625E-04
7.5480E-05
2.2352E-02
2.3208BE-05
7.7373E-10
1.2892E-04
3.0390E-05
3.5108E-12
3.5161E-06
4.3797E-06
1.5765E-10
4.5467E-07

4000 years

© 4.6947E-02

2.8413E-05
2.7751E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
2.0580E-20
4 9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
3.1150E-08
5.6580E-06
3.3701E-04
8.3640E-05
2.2352E-02
2.7525E-05
B.4453E-17
1.1834E-04
2.2115E-05
2.7467E-12
3.4962E-06
3.5857E-08
6.2166E-17
3.4273E-07

8000 years

4.6947E-02
2.8413E-05
2.7386E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
8.5350E-34
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
6.6122E-08
5.6066E-06
3.4981E-04
9.1280E-05
2.2352E-02
2.7525E-05
2.4426E-25
1.0575E-04
1.4493E-05
1.9826E-12
3.4714E-06
1.2135E-10
1.7904E-25
2.3526E-07

10000 years

4.6947E-02
2.8413E-05
2.7142E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
1.7469E-40
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
B.3169E-08
5.5552E-06
3.5596E-04
9.3840E-05
2.2352E-02
2.7474E-05
1.3148E-29
9.9710E-05
1.1735E-05
1.6830E-12
3.4614E-06
5.5433E-11
9.5984E-30
1.9514E-07

Total 7.005827E-02 7.005849E-02 7.005870E-02 7.005857E-02 7.005821E-02 7.005790E-02 7.005741E-02
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Table 8-1 Number Densities as a Function of Time for 3.0% Enriched, 20GWD/MT Burnup B&W 15x15 SNF

Continued
MCNP ID

8016.50C
42095.50C
43099.50C
44101.50C
45103.50C
47109.50C
60143.50C
60145.50C
62147.50C
62149.50C
62150.50C
62151.50C
63151.55C
62152.50C
63153.55C
64155.50C
92233.50C

92234 .50C

92235.50C
92236.50C
92238.50C
93237.55C
94238.50C
94239.55C
94240.50C
94241.50C
94242.50C
95241.50C
95242.50C
95243.50C

14000 years 18000 years
NUMBER DENSITY (atoms/b-cm)
4.694TE-02  4.6947E-02
2.8413E-05  2.8413E-05
26777E05  2.6412E-05
2.6008E-05  2.6008E-05
1.6846E-05  1.6846E-05
2.4208E-06  2.420BE-06
2.2660E-05  2.2660E-05
1.6864E-05  1.6864E-05
7.3501E-06  7.3501E-06
1.1479E-07  1.1479E-07
6.4561E-06  6.4561E-06
0.0000E+00  0.0000E+00
4.9615E-07  4.9615E-07
2.9636E-06  2.9636E-06
2.1255E-06  2.1255E-06
24710E-07  2.4710E-07
1.1675E-07  1.5032E-07
5.5037E-06 5.5037E-06
3.6672E-04 3.7645E-04
9.7920E-05  1.0098E-04
2.2352E-02  2.2352E-02
2.7474E-05  2.7423E-05
3.7877E-38 1.0923E-46
8.9135E-05  7.9063E-05
7.6727E-06  5.0650E-06
1.2135E-12  8.7894E-13
3.4365E-06  3.4067E-06
3.8254E-11 2.7567E-11
2.T701E-38  8.0070E-47
1.3373E-07  9.2122E-08

22000 years

4.6947E-02
2.8413E-05
2.6047E-05
2.600BE-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
1.8287E-07
5.4523E-06
3.8515E-04
1.0251E-04
2.2352E-02
2.7373E-05
0.0000E+00
7.0502E-05
3.3048E-06
6.3423E-13
3.3818E-06
1.9926E-11
0.0000E+00
6.2900E-08

' 26000 years

4.6947E-02
2.8413E-05
2.5803E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479€E-07
6.4561E-06
0.0000E+00
4.9615€E-07
2.9636E-06
2.1255E-06
2.4710E-07
2.1480E-07
5.4009E-06
3.9284E-04
1.0353E-04

2.2352E-02 .

2.7373E-05
0.0000E+00
6.2948E-05
2.1664E-06
4.5645E-13
3.3570E-06
1.4383E-11
0.0000E+00
4.3287E-08

30000 years

4.6947E-02
2.8413E-05
2.5438E-05
2.6008BE-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
2.4641E-07
5.3494E-06
3.9949E-04
1.0455E-04
2.2352E-02
2.7322E-05
0.0000E+00
5.6401E-05
1.4192E-06
3.2960E-13
3.3321E-06
1.0387E-11
0.0000E+00
2.9717E-08

36000 years

4.6947E-02
2.8413E-05
2.4951E-05
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
'2.4710E-07
2.9238E-07
5.2465E-06
4.0820E-04
1.0506E-04
2.2352E-02
2.7271E-05
0.0000E+00
4.7287E-05
7.5223E-07
2.0176E-13
3.2973E-06
6.3923E-12
0.0000E+00
1.6889E-08

45000 years

4.6947E-02
2.8413E-05
2.4221E-056
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
3.5902E-07
5.1437E-06
4.1896E-04
1.0557E-04
2.2352E-02
2.7T170E-05
0.0000E+00
3.6510E-05
2.9136E-07
9.6883E-14
3.2426E-06
2.9265E-12
0.0000E+00
7.2311E-09

Total 7.005714E-02 7.005680E-02 7.005623E-02 7.005593E-02 7.005584E-02 7.005463E-02 7.005373E-02
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Table 8-1 Number Densities as a Function of Time for 3.0% Enriched, 20GWD/MT Bumup B&W 15x15 SNF

Continued
MCNP ID

8016.50C
42095.50C
43099.50C
44101.50C
45103.50C
47109.50C
60143.50C
60145.50C
62147.50C
62149.50C
62150.50C
62151.50C
63151.55C
62152.50C
63153.55C
64155.50C
92233.50C
92234.50C
92235.50C
92236.50C
92238.50C
93237.55C
94238.50C
94239.55C
94240.50C
94241.50C
94242.50C
95241.50C
95242.50C
95243.50C

Total 7.005206E-02 7.005135E-02

100000 years 250000 years 500000 years 999999 years

60000 years 70000 years
NUMBER DENSITY (atoms/b-cm)

4.6947E-02 4.6947E-02  4.6947E-02
2.8413E-05  2.8413E-05  2.8413E-05
2.3004E-05 2.2274E-05  2.0205E-05
2.6008E-05 2.6008E-05  2.6008E-05
1.6846E-05 1.6846E-05 1.6846E-05
2.4208E-06 2.4208E-06  2.4208E-06
2.2660E-05  2.2660E-05  2.2660E-05
1.6864E-05 1.6864E-05 1.6864E-05
7.3501E-06 7.3501E-06  7.3501E-06
1.1479€E-07 1.1479E-07 1.1479E-07
6.4561E-06 6.4561E-06  6.4561E-06
0.0000E+00  0.0000E+00  0.0000E+00
4.9615E-07 4961507  4.9615E-07
2.9636E-06 2.9636E-06  2.9636E-06
2.1255E-06 2.1255E-06  2.1255E-06
2.4710E-07 24710EQ7  2.4710E-07
4.6389E-07 5.3208E-07 7.0771E-07
5.004BE-06 4.8968E-06  4.59B4E-06
4.3176E-04  4.3791E-04  4.4815E-04
1.0557E-04 1.0557E-04 1.0557E-04
2.2352E-02 22352602  2.2352E-02
2.7068E-05 2.6966E-05 2.6713E-05
0.0000E+00  0.0000E+00  0.0000E+00
2.3719E-05 1.7827E-05  7.5034E-06
5.9677E-08 2.0761E-08  B.7258E-10
2.8516E-14 1.2635E-14 1.0937E-15
3.1531E-06 3.0934E-06  2.9293E-06
8.5896E-13 3.8054E-13  3.2910E-14
0.0000E+00  0.0000E+00  0.0000E+00
1.7681E-09 6.8844E-10  4.1108E-11
7.004864E-02

4.6947E-02
2.8413E-05
1.2293E-05

2.6008E-05

1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
1.2966E-06
3.4360E-06
4.5532E-04
1.0506E-04
2.2352E-02
2.5443E-05
0.0000E+00
1.0072E-07
1.1735E-16
5.2936E-21
2.2181E-06
1.5981E-19
0.0000E+00
7.5282E-16

- 4.6947E-02

2.8413E-05
5.4285E-06
2.6008E-05
1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
1.6324E-06
2.3198E-06
4.5532E-04
1.0455E-04
2.2352E-02
2.3462E-05
0.0000E+00
7.6041E-11
3.8163E-18
7.3911E-30
1.3925E-06
2.3472E-28
0.0000E+00
7.1320E-16

7.003743E-02 7.002636E-02

4.6947E-02
2.8413E-05
1.0516E-06

2.6008E-05-

1.6846E-05
2.4208E-06
2.2660E-05
1.6864E-05
7.3501E-06
1.1479E-07
6.4561E-06
0.0000E+00
4.9615E-07
2.9636E-06
2.1255E-06
2.4710E-07
1.5756E-06
1.4968E-06
4.5532E-04
1.0251E-04
2.2352E-02
1.9958E-05
0.0000E+00
2.3215E-15
5.1653E-18
0.0000E+00
5.5204E-07
4.5645E-46
0.0000E+00
6.9834E-16

7.001472E-02
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Waste Package Development Des@ Analysis

Title: SAS2H Generated Isotopic Concentrations for B& W 15x15 PWR Assembly
Document ldentifier: BBA00G000-01717-0200-00012 REV 01 Page 25 of 25

9. Attachments RIS

| The following attachments are case input and output files and spreadsheets as listed. The name
| of the file is listed in parenthesis. The first three attachments are included in Revision 00 of this
| document and are unchanged by Revision 01.

SASZH Burnup Case Output (s3020ucf.out) 2/16/96 825 pages
ORIGEN-S Decay Case Output (s3020ucfo.out) 2/16/96 122 pages
Spreadsheet for Number Density Calculation 3/31/96 18 pages
Modified SAS2H Burnup Case Input (s3020ucf4.in) 3/7/96 2 pages
Modified ORIGEN-S Decay Case Input (s3020ucfol.in) 3/12/96 1 page
Modified ORIGEN-S Decay Case Output Summary (decay.sum) 3/29/96
93 pages

Modified ORIGEN-S 10,000 year Criticality Case Input (joklo7.in) 3/14/96
1 page

Modified ORIGEN-S 1000 year Criticality Case Input (joklo8.in) 3/14/96 1 page
Modified ORIGEN-S 5000 year Criticality Case Input (joklo9.in) 3/14/96 1 page
Modified ORIGEN-S Criticality Cases Output Summary (joklo8.sum) 3/14/96
95 pages '

Modified ORIGEN Decay Case Output Summary of grams/assembly tables
(s3020ucfO1.sum) 8/8/96 19 pages

Modified ORIGEN Criticality Cases Output Summary of grams/assembly tables
(joklo8.grams) 8/9/96 51 pages

Modified SAS2H Burnup Case Flux Output Summary (flux) 3/12/96 1 page
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ATTACHMENT | - Page 2

Feb 16 10:06 1996 File Neme: s3020ucf.out  BBAOOOD00-01717-0200-00012 REV N
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primary modide access and irput record ( scale driver - 10/01/86 - %:00 )

- modile sasth  will be called
' SASAH: Baboock Wilcox Bx15, 3.004%, 20ty bun High Terp

g?hn‘l.plib tatticecell
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Feb 16 10:06 199 File Nave: s3020ucf.at  BEBAOO0D00-OT7T17-G200-00012 REV 01 ATTAGHMENT I - Pege 4

-

-~ n o

assenrbly end cycle parameters:

rYesFAB fuelrgthe360.172 les=1 nliby

|ntlewl=5 irpltevel=2 mrb,c o8
0.65%6 2 0. 030.8145(1)2.%1

paer;ﬂ? .5 bure12 doweit .5

secordary mocule dlod0B  has been cal led,
mxide 0008  is finished, cmpletim coe 0. qutimewsed  1.00 (secodk).
mxide o002

seqorcery been cal led

mdde o002 is finished omplmcn code 0. qutime wed 20,00 (secorvk).
mecide o000 been called

mdde o001 is fmishad. onpletionoode 0. g time wsed  3.00 (secorvks).

secordery mxdile o008 has been called
mdde o008 is finished. copletion oxk 0. qu time wsed  1.00 (secardk).

asmth(zﬂmgﬂe o0c002  has been called
mdde is finished, completion code 0. qui time wsed 1,00 (secords).

% e o001  has been called. .

mcite is finished. ompletlm ook 0. qutimeuwed 2.00 (secos).

secorchry modide oo been col led.

mclle dlo06  is flmd\ed. cmplmm ook 0. g time tsed 1.00 (secards).
nocdde c0c004 been cat led.

nodste d0c00%  is finished, a:npletlm ok 0. qutime wed  1.00 (secords).

secordary modde 00008  hes been called.

mdAe d0o0B s finished. ccnpletim ook 0. qutimused 1.0 (secordk).

%ﬂndll e diolR been catled.

mdile is finished. cmpletlm ook 0. cqou time used  20.00 (secards).

secorviry mxdde o001 has been called.

moxbile 00001 s finished, conpletioncode  C. qu tilewsed  2.00 (seconds).

secarvhary mxdde 000008  has been called,

modde 0008 s finished, anpletioncode 0. opu time wsed .00 (seconds).

secardchry modde a2 hes been called

module d00R  fs fimished, cmpletion cok 0. qou time wsed 1.0 (secords).

e dlol01  has been called
m is finished. completioncode 0. qutime wsed 2,00 (seCOrds).

% e o056 hes been calted
modde is finished. copletionode 0. qu timmwed  1.00 (secork).
seortiry mdde o00004  has been called.

module 000004 is finished. corpletioncode 0. quu time wsed 2,00 (secords).
secordiry nodde o008 hes been called.

mxdde o0o008 is finished omplenm coxkr 0. qu time used .00 (secorvks).
secordhry mxdde o000

been called.
mxide 0@  is finished. cmpletlmuxh 0. qu time weed 2.0 (secordk).
mdde 00001  has been called.
mxlile o001  is finished. canpletion cok 0. quu tim wed 3.0 (se0orck).
modde c0ol0B  hes been called. .
mocie is finishad cowpletion cxk 0. qou tire weed .00 (secards).

secordiry modile 00002  hes bean cal led.
modile dm is finished. conpletiocncode 0. cru time wed 2,00 (senordk).
e adlo01 hes been called
mdde eo:m1 is finishad. comletionaxk 0. cpu time woed 2.0 (secardk).
modde o005 -

% hes been called. i
modde is finished. carpletion ok 0. qpu time usad .00 (secards).
secarchry rodule o0c00%  has been cal led.
mxife c000X is finishel conpletion code 0. qou time wsed 3,00 (secortk).
secarchry modide d0c008  hes been called.

OO0 OOODOOCDOONDOCOOODOO0O00O00OROOOOO0O0



Feb 16 10:06 1996 File Nare: sXR0cf.ad  BAANIDO00-0T717-0200-00012 fEV 01
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mdile B s finished. copletion code
secardary module d0c002  hes been called,
moxdide oo is finished, carpletion code
secorckry moclile dk(01  hes been called.
modile o001 is finished. carpletion code
%le o008 hes been called
mdiile is finished. carpletion cock
modile 02 hes been catled
is finished, carpletion code

mxclile o000 has been cal led.
E&m‘l is finished, copletion code
woclile 005 hes been cal ledl

mocule oOu(IlS is finfshed, carpletion codke
mclile 0004  hes been called.
modAe is finished. cmpletim oode

mxide o008  hes been cal led,
is finished. cmpletion code
mdde o002 hes been cal led.
is finished. carpletion code
mxide o001  has been called.
is finished. cavpletion code
%ﬂuﬂle o008  hes been cal led,
mdde is finished. cmpleticn oode
mxdde o0o002 leen cal led,
is finished. cmplenm oode
mdde c0001  hes been cat led.
is finished. carpletion code
mdde do006 has been called
is finished. carpletion ook
mdde c0c004 hes been called
is finished. corpletion o
nodde o008  hes been called.
is finishad, copletion code
moode o002  hes been cal led,
is finished. omplenm ook
e d0c001  has bean called.
is finished. cmp(enm oxk
o018 been cal led.
is finim cmplemn cocke
mdde o002 been cal led.

R T T
e
¥ module 000005 been called.
m is ﬁmm camletlmmd!
mdide o0c00%

modde o001
mdde

is findshed, oarpletim code

secordary hes teen cal led,
mdde o00% is finished cawpletion code
a8 has been called.

mxble
m is finished. carpletion oode
%mle o002 hes bemn called.
modae is finished. cmpletim codke
secordhry nodile o001 been cal led.
mcide d0d01  is finidui campletion code

mndlmie o008 has been called.
modsde is finished. completion code
sun’dg&ghle o2  hes been called
modAe

is finishad cmpleg(lll\ e&ut
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ke o0t
seoorciry rodile

is finished. carpletion code
o005 hes been called.

0. qu time used
0. cpu time used
0. qu time wed
0. qu time wsed
0. qnu time used
0. cpu time usad
0. qu time ueed
0. cpu time used
0. qu tire used
0. cpu time used
0. quu time used
0. qu time used
0. cpu time used
0. g time used
0. qpu time used
0. qou tioe used
0. o time used
0. qpu time used
0. qu time used
0. qu time used
0. qu time used
0. qu time used
0. qu time used
0. cu time used
0. qu time used
0. cpu time used
0. cpu time used
0. cuu time used
0. qu time used
0. cpu time used

.00 (secorcs).
20.00 (secords).
2.00 (secondk).
.00 (seoordk).
1.00 (secarcks).
2.00 (secorck).
1.00 (secarcks).
2.00 (secorvk).
1.00 (secorck).
20.00 (seconds).
2.00 (secarck).
1.00 (secorck).
1.00 (seoorcs).
2.00 (secorch).
1.00 (secorcks).
2.00 (secarxks).
1.00 (secords).
20.00 (secorek).
2.00 (secorcs).
1,00 (secorh).
1.00 (secordk).
2.00 (secords).
.00 (secarck).
3.00 (secorek).
.00 (secards).
20,00 (secorck).
2.00 (secorcks).
.00 (secorch).
1.00 (secords).
2.00 (secorck).
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i 1t
Ocksorpt 2 gﬁﬁ
on 8
fission ~0000CE+(00
Qoo ™ etlon i, 106, K5, 106,107 \pdited 1 teperstre 95.00
an m=102, 1483, 104, X5, 105, 0/ &5 .
Orenarence dita for this nclide
Omess ruber () = %9.683 tenperature(kelvin) = 975.00
(Qpotential scatter sigm = 5,186 lwped ncler dasity = 9.9999997-21
Ospin factor (9) = 75M. A8 lnp dimersion (a-hor EB120%E-01
mer radius = .00000OCE+00 dreoff correction 4LARPE-01
Othe amorber will be treated by the norcheim integral method. )
Omess of mceratar-1 = 15.9%5 signa(per dmorber atam)= 1. 70759E+
Omxderator-1 5:355&%4&%!.3%
Omss of mceratar-2 = B3 ' signa(per dbeorber atom)= 1. 90514586+
Ornoderator-2 will be treated ﬂc—ng *W%u_ method.
Othis resorarce material will be treated as a 2-dimersioral dbject.
Owlure fraction of lutp 1n cell wsed to acoart for spatial sel f-shieldirg=1.0000
Ograp res ade res fiss tes scat
% 5.2453%-8 L0000 -7.89737E-(B
B 1507732601 O0000EHD 76665602
% -2. 16200401 LO00E+0 6. 1622E-(R
w7 1.7%6777ER JO00000E400 8370620601
] -3. 1062 JO000E40  ~1.77252EH0
9 6. 51735401 JO00000E+00  3.8705756-01
D 1.102%5+00 JO00000EH0  3.25188%-04
21 -8. 5872 -00000CE+00 1. 28R04(E-(°
2 T432ZE-(R LO000EHD  3.6129EB
omwna 0 LSE-D LO00000E+00  3.06682%-0%
resorerce integral.
0 . ~..BR<&
Oabsorpticn O0END
issimn 0000CE+00
- o_dﬂ_ tim 1S min.
0 an4 =102, 103, 104,105,106, 107 ypdated W0/ T/80 . Q12  taperstire=  975.00
Orescnerce data for this nclide
Oress runber (a) =  150.615 terperature(kelvin) = 975.000
Ooterttial scatter sigm = .48 luped niclear darsity = 9.9999997%-
Ospin factor (g) B853.5% . lup dimersion (a-ber 681220%-01
er radius -0000000E+0 drooff correction LA56%E-01
Othe ebuarber will be treated by the norcheim integral method,
Omss of mxkrator~] = 15.95 ummi_ﬂ. sheorber atan)= 1. V7SV7ES
Omxderator-1 will be E%aﬁgm:mg method,
Orass of moderator-2 53 8i eheorber atan)= 1.90614586+
Oncckrwtor | be treated _ﬁaﬁ rorcheim integral wethod.
Othis resarerce mater. Lt be treated as a 2-dimersicral dbject. .
Ovolure fraction of (utp in cell wsed to accart for spatisk self-shielding=1.00000
Ogrop res i res fiss res scat
9 2A4BWE-QS  O000XEN0 1.19MUED
WaBE-(5 »O00000E+00 ._N.mm.mﬁ.oo
1.
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m.nmn.nn *** ﬁ.ﬁ
an
fissin - 00000400
m opﬂ&d tie .17 min. 15,106
ar me=102, 108, 104, 105, 105,107 yxchted O/ 3/89 813 tenperatures  975.00
Orescrence diata for this nclid
QOress runber (a) = 151.407 tenperature(keivin) = 975.000
Opotetial scatter sigm =  9.731 . luped nelesr dsity = 9.99%&-21
Ospin factor () = 1265.900 lup dimresion (aber) = 4.6B1220%E-01
mer radius = (000000E+0 dercof f correct LR E-0N
Othe abeorber will be trested by the rordheim integral method,
(mass of moderatar- 15.9% awﬂeﬂ. gboeorber atan)= 1, 7075970E+
Onoderator-1 will be n_g% the rorcheim integrat methad.
Omss of mderatar- .83 sign(per eheorber atord= 1, 50514566+
Omoderator-2 witl be treatad UPSo rorcheim integral method.
Othis rescrarce material will be trested as & 2-dirersiamal chject.
Ovolure fraction of lup in cell wed to accant for spatisl set f-shielding=1.00000
Orap res &% res fiss res scat
12 -2.5800:%-0 -O0000CE+00 OZ200eE-02
-2.0834EE-(2 O00000E+00 73525
4 2NAE-01 JLO00CEH0 56Xk
3.60T5E00 O00000E+00 TAIRYE-B
-3.288°1%400 .00000CE+00 161 5% B
1.5066356-01 LO0XEHX 343708
7726802 JO0000CE+Q0 2. 3181
5.05655%E-0R .000000E+00 SHNEE-B
-\ -1 XBE-N JO0000CE+00  -1.04120%-(3
Oexcess resorerce imegrals
. ._Zwopsn
Oebsorption TEFHB
fission .00000E+00
- n_dﬂ tim .17 min
0 art mt=102, B, 104,105, 106,07  yhted W0/ TV 6154 taperatures  975.00
Orescrence data for this nelide
Oness nutber (8) = 5201 teperature(ielvin) = 975,000
Opotertial scatter sigm =  9.731 lunped ncleer dersity = 9.999997%-21
Oapin factor (9) = WI5.01 lup dimergion (erber) = 4.68T20E-0
mer radius . 000000CE+00 dyooff comrecti L6 E-01
Othe absorber will be treated by the norcheim integral method,
Oress of mxderator-1 15.9% signeper sheorber atan)= 1. 707557E
Grecerator-1 will Fnﬂe&%&ngi integral methed.
Oress of moderatar-2 .83 . &m_!_ﬂ. eheorber atord= 1.90651458E+
Omderator-2 will be treated VP&« rorcheim integral method.
Othis resorence material will be treated a8 8 2-dimersioral cbject. .
Ovolume fraction of lurp in cell used to accart for spatial self-shielding=1.00000
Ograp res &bs res fiss res scat
B0BE-0 LO0EAD  -6.00756& -0
GE30EE-01 LO0000EH0 -2 A13E-Q2
LB E-01 -00000CE+00  1.52195%€-(@

0
Oeboorption 2. 3738
! ODOOCE+Q0

fission
- o_.d& time .18 min.
0 ar =12, 18, 104,106,106, 107  upcdated W0/ 13/ G155  teperstre=  95.00
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Qmass ninber (a) = 35.05 tarperature(kelvin) = 975.000

Opotential scatter sigm =  11.500 lurped nclear darsity = 6.915081€-04
Oxpin facter (g) = 15171.%00 Wnp dimrsicn (a-bar) = 4.681220%€-01
Oirrer radius = .000000CE+00 drooff comection (€)= 34299501
Othe absorber will be treated by the nordheim integrat method,

Oress of mxkrator-1 = 15956 sigmlper abeorber atan)= 2.49B810EKR
Onocerator-1 will be treated by the rorcheim integrat rethod, ’
Quess of mxrator2 = 049 sigm(per sbeorber atam)= 2. 009262
Onoxierator-2 will be treated by the rorcheim integral method.

Othis resorerce materiat will be treated as a 2-dmersional cbject.

Ovolume fraction of lup in cell usd to acoant for spatial sel f-shielding=1.00000

Ograp res as res fiss res scat

1] resolved
Obsorption 20862
an .
w»mojl&nsuaa&.maﬂr 3 25 f-1/en(1.45 ®7% 97%5.00
i a3 p- -1/e-0(1.45) tenperatires .
Orescnance dita for this nclice
Qress runber (a) = BL.07 tenperature(kelvin) = 975.00
Opotertial scatter sigm = 10.95 lurpad nctear dasity = 31636506
Ospin factor (@) = &28.40 lunp dimrsion (aber) = 4.68120%E-01
Qirmer radius = .0000000E+00 dacoff corection (€) = 3.L56%E-01
Othe absorber will be treated by the norcheim integral method.
Omess of mxeratar-1 = 15.99% sigm(per steorber atan)= 5.3711008E+0%
Qmoderator-1 will be Qaﬂ&% the rorcheim frtegral nethad,
Qnass of mderator-2 = B sigre(per sbeorber atand= 6.01373756+04
Onxierator-2 will be trested by the rorchein i t method.

Othis rescresve material will be treated ag a 2-cimersional dbject.
Ovolume fraction of luip in cell used to acoaunt for spatiad sel f-shielding=1.00000
Ograp res ghs res fiss res scat

s
e

Osteorption X

fission . 0000CE+00

- elgmed time .2 min.
0 umiun38  atf/b-ivmat 1262 pdited W1V %28  tepastue 95.00
Orescrance data for this nclide .
Qress nuber (a) =  ZB5.006 tanperature(kelvin) 975.000
Ootential scatter sigm = 10.59 luped neclear dersity 2D672%E-R
Ospin factor (9) = G857 wip dimrsian (aber) 4.681220E-01
Oirrer radius .000000CE+00 darcoff correction (¢) = 345501
Othe sbuarber will be treated by the norcheim integral methad.
Onxs of noderator-1 = 15,995 . &wiﬂ_. shaorber atawy= 7.73758185400
Oroderator-1 witl Wﬁdﬂ&%%ﬂg integral wethod.

Oth mi_a—_.ﬂ..“o— witl aﬂd!& *m.& joral dbject
. Othis rescrarce 8 & 2-dimmsiosl .
Ovolume fraction of lurp in cell used to accant for spatisl self-shielding=1.00000
Oorap res &= res fiss res acat
9 393672 .000OXEY0  ~4.0HC0E-01
0 -1.XEH0  -1.79REG  -GARNTEHD
: b.ge .RBH.S.N.%_Q&S
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% 1.0 ZEHR O0000CEHI0  -6.060B3E+00

Oeocess rescrarce integral

0 resol ved

Oabsorption 1. 7XSE+01

fission 5.(B812E-04

oo_ nMw Qnmw\c.a_? 123 LR Y

reptunium iv mat ypckited B37  teperstres  975.00
Oresorence data for this nuclice

Omss nnber (8) = = 25.012 tanperature(kelvin

Orotertial scatter sigm =  10.500 lunped nuclear dasity oooﬂosm&
Ospin factor (9) ng.g np dimrsion (arbar) = 4.6B122VE-01
Oirmer radius .0000000E+00 dorcoff correction (€)= 3.AXPBE-O1
oaﬁgz::uaﬂa&v\auail integrat method.

Oress of moderator-1 = 15955 sigma(per sbheorber atam)= 1. 7075GE+9
Oroderator-1 will be treated ?aﬂls_m_.nad—qnca.

Oress of mderator-2 = sigm(per sheorber atan)= 1.831621E+H9
Omodlerator-2 will be treated _da! * | method

Othis rescrerce material will mersiorel dbject.

Ovolume frection of Lump in ﬂp_.ﬂnagﬁ.ﬁiiag etding=1.00000

Ograp res s res fiss

n &.@FNM.B -1.8501%-06 ﬂE.a
22 L RTE-R -TETHE-B 9.7NEB
B LYORE-R  FIUNE-D  1.I0WE-B
% 2.BTSE(R  1.9700%E-06 4. FHEE-DL

fission 1.3851%-01

- el time .27 min.

GarZ33 150 sigo5+ rewxlacs nm.uma;._\n.i_ +5) N8 tenperature  975.00
Orescnarce dota for this neli

Oress runber (a) = 36 tenperatre(kelvin) = 975.000
Qotertial scatter sigm =  10.890 lunped nclear dersity = 9. 95959959721
Ospin factor (@) nﬂmo.m.b lunp dimrsion (ater) = 4.81220E-01
Oirrer radius O0C0000E+00 cereoff corection (€)= 342006101
86%52.3%.!?% .gnuaan.

Oress of moderator-1 = 15.9%5 par sheorber atamd)= 1. T7SSGEHD
Omoderataor-1 will be treated by the rorcheim i _.nﬂd method,

Oress of mderator—2 = 51 8i sheorber atam)= 1.83161EH9
Oockrator-2 will be treated by the rorcheim integral method.
Othis resorarce material will be trested as a 2-dirersiost dbject.
DBEH:.HQB% E_v. &:EB%?.&%.& sel f-shielding=1.00000
Ograp res fiss

" ag.oa 7. 365706 ug.g

2 ILBBEV  LBEE-B  1.2ZBTE0

B GIGE-D 75814162  -8.996E5E-(3

% ugﬁé .o GBIUGE-(2  8.5309%7%EAB

Oebearption 8.5561E401
* ssion 9.08681EHD
elapeed time .27 min.
o plutanium- 29 erdif/b-fv met 1264 ypcited /150 2%  tepowue 95.00
Orescrarce deta for this nclide :
Oress rurber () = B69H tenperatiretielvin) = 975,00
Opotentisl scatter sigm = 10,200 lwped niclear dersity = 9.9999%97E-21

in factor = &35.710 dimargion (abar) = 4.68120%E-01
wﬂ_h, B&S@ = 0000000E+00 Wimox correction (€)= 3.05%-01
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Othe eheorber will be treated by the norcheim integral method.

Oress of mderatar~1 = 15,98 sigm(per sbeorter atar)= 1. 2075965E+19
Oroderator-1 will be aﬁ&wﬁu rorcheim irtegral method,
Onass of mdergtor-2 = 51 sigm(per sbeorber atomd= 1.8BU1IEHD

Omockrator-2 will Enamﬁ.ﬂnu rorcheim integral methad.
Othis rescrarce material will be trested as a 2-dimrsionsl dbject.
Owolure fraction of luip in cell used to accourt for spatial self-shieldirg=1.00000
Ograp res gx res fiss res scat
1 1.007E-B 736ME0  7.73105&-05
12 34M0EB  1.989EB  3.4B5E-D
3 310 14005 B.SE-DY
om_“ﬁ ; waﬂuwr ® 3 o
resorerce
W&ﬂﬁm 3 3@‘18
on .
fissin 1. 75602

- elogpsed time .28 min.

0 plutonium 260  erdf/b-iv mt 125 yxdrted 10/15/50 K0  tenperatue= 975,00
Orescrerce dita for this nelice

Qrass nunber (a) = BT tenperatureCkelvin) = 95.00

Ouotertial scatter sigm =  10.5%9 lumped nicleer dasity = 9.999997%-21

Ospin factor (5) = &P lip dimrsian (a-bar) = 4.681220%-01

Oirrer radius = .CO0ODOCE+00 chrooff correction (c) = 3426925601
Othe abmarter will be treated by the rorcheim integral method.,

Omess of mdkerator-1 = 15.%5 &m.iﬂu.gngn_.ua%G
Onccderator-1 will be trestad by the norcheim frtegral method.

g%%wu Ga &w_ucﬂ. gnﬁ?#m&mﬂﬁ&o
Onoderator-2 will be gﬂggi integral method.
Othis rescrerce material will be treated as & 2-dimersiorst dbject.
Ovolure fraction of lup in cell used to acount for satial sel f-shielding=1.00000
res dn res fiss res scet

QIUBEDS  19NLEN?  6.5BIE-B

63IBLED 2.9%TIE-06 2.5/517%E-04

LATBE-O 2. 76X6E06 4 SPNE-04

3.75907E-8  1.ANE-6  2.00065-B

1.25%7%-3  7899%E-05 B.660E-06

e
Bﬁdﬂ&dtwﬁiacg

DUSIBEDT  -1.80GER 1855000400
s
Cebsorpti M
oan X
fission 2.6585%400
O i T e b et 1266 pchited] W/1Y/E %Xl teperstres 9.0
utonium o
9“:!89932»:5:%.3 i 5.0
Omss runber (a) = . tenperature(kelvi = X
Opatertial scatter sigm =  10.9%9 {urped riclear dersity = 9.5959997-21
Ospin factor (90 = 402,100 lup dimersion (abar) = 4.68120%E-01
galimsszlﬁha.s#a& frtegral method. M@ = 30%mE0
Othe sboorber 1]
. Omssof mceroto~1 = 15.95 aauwii...uqi..ﬁai.gz
Oroderator-1 will be trested by the norchedm i wethod.

- (mess of mxderstor-2 = 61 sigm(per shaorber atan= 183162146419

Oreceratar-2 will be treated .-Pnl rorcheim *ﬁiﬂ.
. Othis resorence material will be trested as a forml dbject.
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k&% m= 102 id 34086
TE e WY/ b
\a = L kS
9B m= 10 d 0B
% =10 yristed 10/ 13/87 id 400
-5 =R yted 10/T3/89 id  400%
realloy adfAr-iv mat 128 upckted 10/ 13/89 d  4BE
b-% m=1R yypriated 10/ 13/89 d  410%
no-% AR ypcted 10/T3/89 d 405
% =R updated 10/13/87 d O
101 =12 ypdted 10/ B3/ id w01
e e e b o
rh-¥6 m= MR id 4516
pe 06 =10 ited 10/ /80 id  46U6
pd-108 L ypdted 10/ 13/89 id 418
ilver-109 adffo-ivmt 1% updeted 10/13/87 id 4N
1% m=10R upcated 10/ 3/ d SN
xe-131 m=102, 108, 105, 15, 106 updeted 10/13/89 id 54131
xe- 132 =102, 1(8, 104,105,106 updated 1V 13/8 id SR
o1 adffoiv mt 1296 yited 1VB/® id  %B
xe- 136 m= W2, 1B, 104, 165, 107 id %1%
csiun TS adf-ivmt 141 ydated 10/ T/ id 513
cs-134 m=1eR pchted 10/ B/ id 5%
cs-35 m= 102 d 515
cs- 37 mt=102 ypaeted 10/13/89 d 1%
i mar \bebeed 1T/ H
2 =
ce- b4 m= e d 5814
pr-141 mee1(R, 108,104, 105,106,107 updited 1V T3/9 d 59ul
pr-143 mt=1e pdited 10/ 3/89 id 59U
-3 mt=10e updeted 10/ /9 d &3
rd-%5 me=102 updkted 10/ 3/ d Qs
mi b bk 10/ 35 e
“_ﬂﬂb m= 02 id 61148
a7 /v fission prodet ypinted 1/ /89 d &«
%9 m=102, 108, 107 updhated 10V/13/89 id &%
150 mt=102 updated 10/ 13/80 id &1
sm-151 m=102,108,10%,106,105,107  vpeiated WY /B9 id &151
152 =102, 108, 106,105,106, 107 yctad 10/ B3/ id &%
ar 153 nt=102, 108, 104,105,105, 100 ypcbted 10/ 3/ d &1
ar B4 nt=102,108,104,105,106,107  wpclated] 10/ 3/89 id &1%
arts =12, 1B, 106,105,105, 107 upctedd 1V B/% d &%
o155 =102 Updated 10/ 3/89 d &%
w4 1043 sigoSté newlacs p-3 2Bk f~1/e-m(1.45) d 5%
waniund®  edfAriv it 1261 updated 10/ 13/ id 925
U236 N 5igo5+é rexlacs p-3 28k - Vem(1.45) )
wraniurZB  edfo-iv mt 122 updated 1V 13/ d 228
ﬂac:&ﬂ adffo-iv et 123 ypdeted 10/ 3/89 d B
P28 160 sigro nexlacs p-3 29% £-1/e-n(1.45) 9B
plutaniun-2® e /o-iv mat updebed 10/ 13/29 b s )
plutoniun-20  endf/b-iv mt 125 Updated 10/ 13/% d X0
plutniun-2%1  edfb-iv et 126 upcated 1V 13/29 id o
plutoniun-22 endf/b-iv mat 1161 tpddated 10/ /29 id 2
an-1 1066 sigr5+ naxlacs % p3 X8k id 951
anX3 1057 218 o wt f-1/em ¥ 3 id 3
ariurs  edfbrivmt 112 uprdeted W/ /89 d 9%
0 tope cpy 0 {/o's, ard tock .00 secards
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2 W16 1 46108 1.000006-20
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ﬂ 2310 E-01  4.50%E-01 ~NdH.S uaaﬁm.g ~1.617&E-N
8 5.801(E-01 4.520KE-01 2.B7T1E-01 7.401E-01 4.68RER

-8.1736%-01 4 01 3.2NE-01 4.1806-01 1.451&-01

SAUE-01 4.452E-01 -3.Z05E-01 2.781AE-01 7.357%-01

“1LNE-01 4.455288-01 -7.B3BE-01 9. 7EBXE-R 4. 775401

1.97E-01 -4 .

5.46WE-01 4.4550E-01 -3. 25%-01 -2.7B1AE-0 -7.3%657%-01

8.T736%E-01 ~4.45BHE-01 3. A065E-01 4. 1GEAE-01 -1.451E-01

9.0 UXE-01 4 ABXE-01 7.73BE-01 4.908E-01 6.2:3%-01

1 radii mdpts 2o ro. arees wlues. dws fact  radissmod  spec(int)

0 1.9044E-0R 0 4. SOBE-B 0

3.958%-R 5.9581E-R 243601 1.4THE-(R 0

7.9067€-R 1.1868€-01 4.96733E-01  5.89067%-02

1.53811%-01 1 9.FULE-0 9.81E-R

2. 3717201 2.76/1E-01 1.403E+00 1.3747%-01

3. WSBE0 3.575%-01 1.965BE400 1. 71%-01

m. 2.4BHEHD 2. 1550001

5.

5.

6.
7.
MUQEM.Q_ 7.9617E-01
9.

&7 2.7EHEEHD 2.8K41E{D
B 2.83%E0 2.920E40 TOTEH 1. 7ETE(D
& 2.96100e400 1860456401
- elopeed time .00 min. .
dn.an.“ﬂ!._-gndo gernalue .nP.dn. -Bnnﬁ.m ._-sun.nm search m_:ﬂ.v
iter iters ret ratio [ perameter
1 28 1.09E-06 1.564400 2. 575601 1.00000E+00 4.960E-R  .0000E+00 om0
2 42 1.0560E-05 1.556+00 3.5XE-B 1.6 3.004E-2 .00000E+00 mer
3 54 4TAE-05 1.2EEH0 1.5686%-B 1.XETXR 1.290-0 000000 07
62 S5.4531E-056 1.215/E400 S.1B11E-00 S.OWE-E 2.6850E-B .0000EHD o0
5 721 -6.608-06 1.218E0 1.03%E-00 1.6 3.G7AE-06  .00000E+00 0%
6 773 -2.355E-06 1.21000E100 1.960%E-(6 1.2027E-0% 1.8068E6  .0000CEHD B3

%83,.:!. mid  mex. flix wsf  me. acale coarse
jters int. differece int. factor  mesh
1 1 1 7 195EG 28 9.99%-01 1
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1fine grap sumery for zre 1 by grap including aum for all grags in line 8

0gp. fix sarce mﬁgvm: scatter slf saatter ast scatter %Q Leaknge balance
1 .O000CE+00  .OOOO0EHOD .OOOOCE+O0 4.60B70E-06 6.09%37E-04 5. (5 -6.60045-04 9.9556E-0 |
m -0000E+00  .00000EHD 3.4562E-04 5.9317E-B 7.84FE-B wﬂsNM.Q “T.AEE-B 9.999RE-N

4. . . X .
3B 1.756ED -7.555E-0 1.80%056400 .0000FE«0 3.34B¥E-11 0000040 5.8715(E-06 2. 20200
1fine grap suwery for 2ore 2 by grap including am for all grayps in tine 8
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ss > -] a (1 ee
SSSYSESSSYSS  €C avvrroereren L eeceeecee
S9S595599695  €C ecepeceeecaen | ecerpeRee -
s a8 aa L (-3
s aa m Lt ee
88 88 CC = m e
$S55555959588  COOOCCOCCOCCC @A s  (LLLLLLLEALLL  eeeepceeesee
SSSESSEESES coooocoooee aA aa  LLLLLLLLLLLL  eececessnenen
L) Aok
srdcinivke 3 3 - sl
——— progrem verificatian informatian —
Irdchoivk 3 sedvieiok
. code systen scale versioe 4.2 ——
ook oiriairk
Wrivirivic Peiedeiede
dnfededel Yulrdodrk
Veidricle creation date:  06/27/%5 i
* dedededekr efrkiek
vk library:  /fneutranica/acate/ene ke
idrid Yolrinirdy
sehveiek Yedrduirie
woek this is ot a scale anfigration control led code ke
weieirkh i
i jorame: dwis Yekicke
Iriciriek Seiviuiek
Wik chte of executione (2/16/5%6 ol
L] deieheirie
weker  time of executione 09:55:%7 ek
Seloinirke Veirinirk
L L.

-1q array hes 1 etries.
Oq array hes 1 entries.
0q array hes 1 entries.
1q arvey hes 1 entries.
1q avey hes 1 entries.
1q array hes 1 entries.
iq array hes 1 etries.
1q erray hes 1 entries.
iq array hes 1 ertries.
& arey hes 1 entries.
* core allocated to array-chta (by -198 or defadt) was 200000 worck. *
* broed 3-grop fluk weighting factors *
them= ST5
s = 573

QOO ODODODOOODO=
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0 fast = 25480

0 ser reqested (see jac) thet all nclide trasitiors available from spx chta be updated,
0 including those rot present in prior origen Llibrary.

cross sections, availeble from agx (rormalized to themal flu), berrs

0100 .
50100 tot-cep  3.0/013E(®
SO0 to 000 7.485%E-06
50110 to 50120 4.0557E-B
50110 to 40110 9.54E-07
0110 to 0010 9.595E-07
0110 to 40050 8.5217&-05
0110 o B0 8.5217E-06
SO110 to 3080 1. 11247E-04
50110 to 20000 1.1107E-04
0110 tot-cop 4. 14B7E-B
80K0 to 8N 1.4557-04
8

0 5.
00 tot-cp 5. 964E-01
060 1 FOR0 9. KRHE-01
B0 twtcp 9. 10HE-0]
2000 to 10545801
AR wtop |
L0050 to 14821E-00
4070 to 1-70REHD
Q050 tot-cp 1 70REHD
41050 1 41050 3. T0TEH0T
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» ki3 m=10 ’ 13/ 03
/) < 3 ] m=10R ﬁ!&g& wam . 015
& rd%7 m=10R Lristerd 10/ 13/89 anar
R  mur =102 Ypdated 10/13/89 6147
43 8 m= 02 6148
W a7 adffb-v fission prodect ypbted 1Y 3/89 2w
5 amue m=A(R, 108, 107 yated 10/ B/89 819
% a0 =A@ \dated 10/3/89 2150
& a5l m=1R, 18, 106,105,105,107  ypdated 1/ 13/89 6151
48 iR =102, 108,104,106,106,107  ypdated 10/ 3/89 &R
L4 e 153 m=102,108, 104,105, 106,107 Updeted 10/ 3/89 &1
50 ear’s m=1R,18,106,1(6,105,107  ypdated 10/ 13/89 8315
51 eSS iﬁ.,_GLR;aLR._Q Undeted 1V B3/89 1%
R gttS uedatedt 10/ 13/89 &5
8 uB103s uq&&. reslacs p-3 X8k f-1/e-m(1.45) 2%
5% umiunZB edffrivmt 126) Yeted 10/ B/89 2%
5 uZb 118 sige5rh newlacs p-3 28k f-1/e-m(1.45) %
5% ueiunZB exdfAd-ivmet 22 Udiated 10/ 13/89 K78
57 :ﬂ&::.mww axif/b-iv met 1263 ypdated 10/ B/ 7
58 1060 sigod+ newdecs p-3 28k f-1/e-n(1.45) i
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thermal scattering matrix rutber 2 at a tenperatire of .00 wes selected.
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Oresarerce dita for this neclide
Oress nuber (a) = 8.3 tarperature(lelvin) = 975,000
Opotartial scatter sigm =  7.004 lurped nclesr dersity = 1.5718X(E-07
Opin factor (@ 88190 lup dimrsion (a-tar) 4.B120E-01
Oimer radius 0000C0CE+00 darooff correction {c) = 3402601
onmgi_:naﬁa&v\nma&o m_#mad—:.&.&.
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Omcberator-1 witl Fn_.!a& adaﬁn-:ng—%
Ovess of mderstar-2 = sign(per dmorber atar= 1. 218606
gmippgaﬁa&ﬁ?g! L method,
Othis resorerce meterial will rersional dbject.

Ovolure fraction of (np in cell weed to accant far smatial sel f-shielding=1.00000
Ograp res dn res fisg res acat
1 .Ngm.a O0D0XEHID  -7.0648¢CE-04

o= el tim .
o_quuﬁ m= 1R S teperature-  975.00
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7 18141840 JO00000E+00 20501

18 8.811710E+01 JO000D0EH Q0 2.62146856-01

9 1161585401 00D00CE+00 SSIE-B

X 1.09059+00  .000000EH)0  -2.562600-(08

21 2. 96612501 .000000E+00 SALTEAB

2 2555601 -00000CE+Q0 BB

3 9.8B17%5E-2 +00000CE+00 e
Oevoess resorarce integrals
o 1B

in .
fissin -00000E+00
- elapsed time .07 min,
0 G % et /T B e 93
mt= tenperature=

Orescrence data for this nclide
{(mess runber (a) = 106006 tenperaturekelyvin) 975.000
Opotatial scetter sigm = 0H luped ructear dersity SHOWE-O7
Ospin factar (g) = 15210.000 lup dimrsian (arber) B120%E-01

mer rafius = ,0000000E+00 dirvoff correction (c) AT E-01
Othe absorber witl be treated by the rorcheim integral methodl
Oress of moderator-1 = 15.9%5 u.ﬂiq!. shaorber atem)= 4.ENHTES
Omxcerator-1 will Enann&%nuaanr:g methed,
Oress of moderator-2 983 mmw.wGﬂ. absorber atam)= 5. KEIIEHS
Onerierator- :Fn_ﬂa&ﬁuug!_.g%
Othis resarerce materi Ll ke treated as a 2-dimersiomal dject.
Ovolure frectian of tup in cell wed to accourt far spetial set f-shielding=1.00000
Ograp res a5 res fiss res scat

ARTE-R LO0000CE+00  -3.682612-04
07130502 O0000CEH00 4 J56400E-0%

g&ﬂu*ﬂ. nclide o
Opotartiol scetter sigm %6 unped ncleer densi RAGXE-08
Ospin factor (@) = 21175.100 lurp dimrsin ?.pl..w 120N
rrer radits .000000CE+00 chrooff correction (c) ATHE-01
Othe aboorber will be treated by the norcheim integral method.
Omss of mderator-1 = 15.9%6 Sw.lmﬂ. sheorber atomd= 360062506406
Qnoclerator-1 will ke E&nﬁ.ﬂﬂﬁ! integral method.
(mess of mxkretar-2 = 53 si shaorber atom)= 4.01717556406
Omoderator-2 will be n.dua&"ﬂng rorcheim 1 wethod,
Othis resorerce material will be treated as a 2-dimwsiael doject
Ovolure fraction of lurp in cell wed to accart for spatial self-shielding=1.00000
Ograp res dx res fiss res scat
A7SE-0 O00EH0 35BHE-0
S 15E-R JO00000EH00 -2 29772%-R
IE-B .00000CE+00 1.BDBE-B
5615632 LO00EH0 -3 2677406

- m -
‘ ~._82¢an
Oebsarption OBIEHR2
ission 000CE+00
elogned time .07 min.
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0 la-1 m=102 Gnvg 10/ 5% terperatures 97500
Oresarence data for this Sh:aw

Ovess nuter (a) B7.78 B_ungﬁ.ﬁ_sa = 975,000
Opotertial scatter sigm = 4.906 \uiped nicleer drsity = 191456206
Ospin factar (g) = U585 lutp dimersion (abar) = 4.8B120%E-01
Qirrer redits OOO00(OCE+00 dareoff comection (€)= 3.4 E-01
cnsgs——umaﬂﬁv\nsaai m integral method,

Owes of moderator-1 = sigra(per dbsorber atar)= 8.915086X+04
gasp—ﬁcﬁn& nﬂgnigpi_ﬁ.

Omess of moderator-2 = sign(per dheorber atam)= 9.950913E+04
Omclerator-2 Will be treated nd_.ﬁaum_: L method,

Othis rescrerce naterial will be treated os 8 mersioal dbject.

Owlume frection of Lump in cetl used.to sccart for spatial self-shielding=1.00000

Orap res &= res fiss res scat

9 5. ..N.SH.E O0000(EH0 72046505
10 -8.6485%-6 [00000EH0  -93BHE-B
1 LO0000CEH00  .QOOOOCE+00 .OOOOOCE+00
12 6.320E-B [O0000CE+00  -3.860514-0B

Oebeorption 8.143686+00
fission L00000E+00
- elopsed time .92 min.
uorrﬁ iﬁ.%._iﬂmﬁg yxbted W0/13/80 L3 tenperatires %%
pr-
Orescrence data for this nclide
Qness rudber (a) = .67 tenperature(kelvin) =
Qutertial scatter sigm = 4953 luvped riclear dersity oaﬁ:gm..a
Gspin factor (9) = 1025.500 lup dimersian (atar) = 4.68120%E-01
Oirrer radius .000000CE+00 darcoff correction (€)= 3450501
oaug.azvnnﬁﬁ_c\nuaui m integral method.
Qmss of moderatar-1 15.9%5 sigm(per absorber atam)= 1.88136%HS
Onocerator-1 will be treated ung?*g;u&ﬂ.
Oness of mxderator-2 = wiﬁ.gvn.nﬁanm.ghm.ﬂ
Onocerator-2 wWill be treated cﬁ:uﬁma.._

. Othis resorarce material will mrsioal dbject.

QB_:BESS Lap in 8-—5&8%3&511*51&%“88
Ogup res te res fiss res acat

1 T VIAE-B ~00000CE+00 .m _w.m:.m.a
g resonance 58Gd—

95339 ,N.xm.s

435 O00NCE+00

e a_a.s.ag:. pated 1YTVE DU teperatre 95.00
0 FHi3 : Lpchted 10718 QU3 tenperatire=  975.00
g&ua.g nclide

Oress rurber (a) = %8R terperature(kelvind = 975,000

Qrotential scatter si = 5.000 lutped niclear dasity = 1.31407%-06
Ospin factor () - = 19654850 Wp dimersion (arbar) = 468122001
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Oirrer radius Q0000OCE+00 dercoff correction (€)= 3.49061E-00

Othe abearber will be treated by the norcheim integral method.
Omss of moderator-1 = 15,95 . awlﬂﬂ shaarber atay= 1.06462225408
Onoceratar-1 will be :ﬂﬁ%:ﬂiﬂg integral method.
Omss of moderator-2 3 X sigma(per gheorber atond= 1. 1766295408
Omoderator-2 will be aann&vpcu rorcheim integral rethod.
Othis rescrerce materi L b trested 28 & 2-dirersicral dbject.
Ovolume fraction of lump in cel! used to account for spatial set f-shielding=1.00000
Oorop res &8 res fiss res scat
-3.8481E-01 O00000E400  -6.008856E-02
-2.95%7E-01 L000000E400  -2.422%7%-(2
36016650 O000XE400 152140
2.2958X-0 JLO00000E40 2. 1299E-(2
7.321%E+00  .00000E+00  9.2B100&-(2
~13MEHR  JO000EH00  -1.B%634E+00
1,038 000000E400  1.8501630
~1.0U5E42  JOUO00CEYO0  1.187199E+00
Oexcess resorarce integrals
Oabsorpt i N.GNHJ.S
an
ission -00000E+00
- nﬁﬂﬁ time B min.
0 M“m e’ o 1% 1,106,107 ﬁwﬁ_ W/ /8 m“m tenperate ey
Oresarence data for this nelide
Oress runber (a) = 153.5% tenperature(ielvi 975.00
Qotertiol scatter sigm = 5,277 lurped nclear das! 1. C2RONE-1
Ospin factor (g) = 1270. %0 {urp dimersion (ar-ber; 4£.BI20E-0
rnes redius = OO0000CEH0 darcoff correction LARABE-N
Othe sbsorber will be treated by the rordheim integral method.
(ress of moderator-1 15.955 % dhnorber atam)= 1.EFTMEAR
gﬂt_:m:wm;%cag?m nethad,
Oness of aoderator-2 53 amwlnn. shaorber atan)= 0AYELD
Omoceratar-2 will Hnﬂa&wpﬁuaﬂni irtegral method.
Othis rescrerce material will be trested 25 a 2-cimersional doject.
Ovolume fractian of luwp in cell wed to acocourt for spatial self-shielding=1.00000
Ogrop res s res fiss res scet
1450 000E00  -1.8BGUE-01
SAUSGEH0  .00000CEXO0  1.96642%-01
19N 7E-O1 {O0000CE*00  9.BYE-1
3. 20953701 OMEND  4.6268%-06
ATTHEHD  QOOOOCEMD . 14BRE-B
SEOE%E-0 000000 -1.4915&-18
LEER 0000000  -1.07804E-B
SB32E-2  .O0D0OCE+00  -8.0BHE-0%
& SOEE02  J0000EH0  1.67E-0%
JO00000E+00  .OCOODCE+00  .OODOOCE+00
JO0000CE+00  .OODOOCE+00 .OOOODCE+00
JOO0E+00  .OODOOCE+00 (OO0000E+0
00000CE+)0 .00000CE+00 O0C000E+00
274D 000000400  -1.5218RE«0
2% 5. A657EHS JOODON0E+00 S614256400
F/4 ~1.659FEH3 -000000E+00 XERE-O1
Oexess rescnance integrals
0 ton uao_aﬂ_
fission .0000CE+00
- elapsed time .20 min.
0-2% 1063 sigoih nelacs -3 28k f-1/et(1.45) °X4  teperatures  975.00
Orescrence data for this noclide
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Gmess ruber (a) = 209 tenperature(kelvin) = 95.00
Qpotertial scatter sigm = 10.021 (urped ncleer dersity = 5.4373XE-06
Ospin fectar (g) = 648.550 ump dimersion (arbar) = 4.681201E-01
Oirrer radius = .000000CE+00 daroff comrection (¢) = 3.42605%-01
Othe choorber will be treated by the norcheim integral method,

Oress of mcerator-1 = 15.9%5 sigralper eheorber atan)= 3. 1310574404
Ovoxderator-1 witl ke treated by the rorcheim integral method,

Oress of mxerstor-2 = 55 sigmlper sworber atom)= 3.482U1EH

(rockrator-2 will be QB&UPS» rorcheim *W%up method.
Othis resorarce material will be treated as & mrsioel dject,
Ovolume fraction of lump in cetl wed to accart for spatial self-shielding=1.00000
Ogrop res ds res fiss res scat
" ~2.51%E-(2 JO00000CE+00  -7.6R218E-(R
12 ~2. 12568 -01 J00000CEH00  -8.9198E-(2

s
W&uﬂﬂﬁ 5 gﬁaﬁ
on K

fission +Q000CE+00

PPy i n%.\r_.m? 1261 upchted H0/13/89 i 975.00
uramiuw v mt temperature= .

Orescrerce dita for this neclide
Oress rurber (a) = 3.5 tarperatureCkelvin) = 975.000
Opotertial scatter sigm = 11.500 lumped ructesr &ﬂ#w = 6.570%-0%
Ogpin factar (@) = 15171. %0 lnp dimrsion (atar) = 4.68120%-01
Oirrer radiue = _000000CE+00 circoff correctian (¢) = 3.42085%-01
Othe absorber will be treated by the nardheim integral method.
Omess of mcerator-1 = 15.9%95 lmﬂﬁu, eheorber atar)= 2. 566S50EHR

Omclerator-1 will be nﬁ&k“ﬁ rorcheim irtegral method.

Chess of woderator-2 %gnﬂanm.g.ﬁ
Onxierator-2 will be trested by the rorcheim i method,

Othis resorance material will be treated a8 a 2-dimersiaal dject.
Ovolure fraction of lup in cell wed to accout for spatial self-shielding=1.00000
Ograp res de res fiss res scat

2 -2.60810%00  -1.6677T9EH0 -6, 0408%-(R

B O.BAMEN 449006400  -1.90758-01

% TXRBEND  AANNE0 4. IBHEE-2

Oexcess rescrarce irtegrals

0 . ~.28.6n
mon

TR e

. 236 1163 sig5+ nedacs p-3 &5k f-1/em(1.45) ®AB5  teperstures  95.00

Ovess runber (a) = BLO0WT tenperature(ielvin) = 975,000
fal scatter sigm = 10.95 tumped ncleor dasity = 9.3A007%€-06
in factor (g) = B0 lup dimrsion (e-bar) = 4.68120€-01
Oirer radius = 0000000E+00 dyroff crrection (€)= 3.6 %E-01
Othe abeorber will be treated by the norcheim integral methodl
Oress of mderator-t = 15.955 . au.wm._l_ﬂ. sbeorber atard= 1.828806E+04
gdippggkuﬁgai methed.
(mass of moderator- 54 si sbaorber atam)= 2.0B285% €04

" Othis rescrerpe material will be treated as & 2-cimrsioral dbject.
Ovolume fraction of Lup fn cell wsed to acoaurt for spatial self-shielding=1.00000
Ograp res as res fiss res scat .
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ing factor=1.4208%¢ 1

e mxdifier

p:,gwl
i gerwel.
. bf bukling

this case has been al
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oo

Bqaray hes & ertries. .
chta block 2 (mixing table, etc.)

0 nolides gowomla . re mixirg teble s extra
m ication mi aton dersity xect idls -
1 ﬂ 1 nﬂﬁﬂ 6.S5MATE-0
2 1 1 K% 5.4530E-05
3 500 1 922% 9.3010E-06
4 50N 1 928 2. M4TTE-R
5 0% 1 % 4 5555%-2
6 6 3 é 2.05710-0R
7 3408 1 93 1.5N8%€-07
8 35 1 N 7.63106-08
9 3N 1 38090 1.70680E-06
10 X® 1 D 5.6000E-07
11 408 1 L20% 2.5p8E-07
12 0% 1 4008 1. 2630705
B3 05 1 4009 1.9WME-06
% e 1 L5 1.285%-06
B 410N 1 4107 5.3619-13
% L5 1 409 1777805
7 &% 1 4518 4. 59UE-O7
18 4101 1 451 1. 10044E-08
LA A 1 &0 1.5672E-06
20 &8 1 44106 1.5006E-07
21 516 1 #4106 3606007
2 Wk 1 4618 4 . SE-0B
3 WIB 1 4N 2.93%8
% 4w 1 5112 9.0%37E-12
S S 1 S4131 TLHREBE-O7
% S 1 541 1.2802F-06
Z SR 1 541% 6.3256E-0
B S5 1 541% 3.0(BOE-05
D 54136 1 5513 8.1867-F
X 518 1 515 9.06121E-07
31 51% 1 S137 1.9(608E-06
r 515 1 5613 2.198%E-09
B3 5% 1 57% 1.9USE-06
% S561% 1 5041 9.07E-O7
$ 5N 1 59143 4.071(Be-07
% 5814 1 58144 1 ABB5E-06
7 w4 1 3 1.3%60E-06
B 3 1 015 1. 182906
» O3 1 (174 5,557
40 O 1 618 1. 262109
AR 11174 1 07 1. 3E-W
2 N 1 627 1.30142-08
&8 61148 1 219 6. 3518
o &6 1 62150 2.6E-7
& & 1 62151 1.008¥ -7
&% &0 1 £2152 1. 1607
47 &5 1 64155 1.02521E- 10
8 & 1 63153 5.54NeE-08
¥ &153 1 8315 1.6WKE-0P
0 &% 1 815 1.0967%-08
51 815 2 B 4. 516
2 1% 3 1001 4. 100E-(2
3 0% 3 00 3.85TE-05
5 0% 3 o1 1.588&-(6
5 R85 1 5138 1.8872%-06
56 928 ] w37 1 ASB3E-07
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57 947 1 HTB 1.TOUE-0?
B %18 1 7% 1.553E-(5
P 9%ZH 1 w0 4. INE-07
0 9240 1 Y 3.267%%-08
61 921 1 M2 2.85%6E-10
R e 1 o1 8.48%E-11
&8 51 1 953 1.7607%-12
& 9543 1 6 1.17508E-%
& W i 1 % 1.00000E-20 -
- elopsed time .00 min.
0 2169 locatias will be teed
0 I5q arrey has 5 ertries.
0 ¥qerayhes 3 entries.
0 Barayhes 24 entries.
0 ¥g avey hes 4 ertries,
0 4)q array hes 4 ertries,
0 tiqatayhes X7 entries.
0 Siqavay hes 7 ertries,
1 80 d, sesdh: baboock wilcax 15«15, 3.00Wt%, 20xiimtu bun hidh terp
0 energy lethargy ighted  broad cal grap ight left
® wei c ri
bouxhries  bardaries  velocities :iluw type berd albecb {bec
1 2.00000E407 6.98U7%E-01 4.4BBIEWR 1 0 1 1.00K0CGE+00
2 S.LD0E05 4.40965%-01 2.8873+00 2 0 2 1..00000E+00
3 3.00000E+056 1.2B97EHD 2. 1201409 3 0 3 1.0000CE+00
& 1.6600(E+06 1.6870E+00 1.75673+09 4 0 4 1.00000E00
5 1400006406 1.96611EK0 1.4635E409 5 0 5 1.00000E+00
6 9.0000(E+5 2407950 1.0660EHR 6 0 6 1.00000E400
7 4000005 3.218806400 6.07B7EHB 7 0 7 1.0000CE+Q0
8 1.00000E405 4.6B517EH00 2.7%15E+08 8 0 8 1.0000CE+00
9 1.70000E¢04 6371360 1. BGXE08 9 0 9 1.0000CEA00
0 3.00000EHB 8.11173EK0 4.BR12E07 10 0 10 1. 0000CE+00
11 S5.5000(E«2 9.80B18EH0 2.(55GEE7 1 0 1" 1.00000E+00
12 1.0000EHR 1.15126+01 1.01B&«(7 1?2 0 12 1.00000E+00
B 3.000E01 1.271656101 5.605955:06 3 0 13 1.00000E+00
% 1.0000E«01 1.3815E:01 3. 20554406 1% 0 % 1.00000E+00
15 3.06995E400 1.S00B0E+01 2.10601E+056 15 0 15 1.00000E+00
% L7A0EH0 1.55471EHN 1. A6ZEHS 16 0 16 1.,0000CE+00
17 1.59%EH0 1.585%01 1.52545E406 17 0 17 1.00000E+00
1B 112999400 1.559556401 1.42067E406 18 0 18 1.0000CE+00
¥ 1.0000E{0 1.61181E+01 1.3100+06 9 0 19 1.00M0EH0
2 8.0000E-01 1.65%126401 9.068EEHD 0 0 2 1.00000E+00
21 4.00000E-01 1.703446401 B8.19EHD 2 0 2 1.000006+00
2 3.500E-01 1.7220601 6.500ES 2 0 2 1.00000E+00
38 2.500E-01 1.76006EH01 4. 8583405 3 0 3 1.0000CE+00
& 9.99FE-(2 1.8/ 3.5786EHE % 0 . 1.00000E+00
S S5.0000E-R 1.911386:01 2.7187EH6 5 0 -] 1.00000E+00
2 3.0000E-R 1.96%7E01 1.578EH(D % 0 2 1.00000+00
T 1.0000E-(2 2.0775eH  8.88NEH a 0 Z 1.00000E400
8 1.0000E-5 2.7A3NWE01
1 Bn—gng&_ﬁg.u.gggzsg
0 mixture orcer p(l) activity tible qedrature crstats
byzoe by 2re metl ro, reection wigts directios refl direc wtxos
1 1 3 0 -2. 7900401 3 0
2 1 3 . 5.061F - -1.97286€-01 3 -9.9545-(5
3 2 3 S.6KE-®R 1.972856-01 2 9. 954
4 3 3 .0 60041901 0
5 5.5595%-0@ -5.584E-01 -3, 104506-0@
6 5.595%-R -2.3301E-01 7 -1 2068
7 5.556X-@ 23T01E-01 6 1.289%-(
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