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1. Purpose

The purpose of this design analysis is to determine the accuracy of the SAS2H module of SCALE
4.3 in predicting isotopic concentrations of spent fuel assemblies. The objective is to develop a
methodology for modeling assemblies similar to those evaluated within this analysis and to establish
the consistency of SAS2H predictions. The results of this analysis may then be applied to future
depletion calculations using SAS2H in which no measurements are available.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the Waste Package Design analysis that will eventually support the License Application
Design phase. This activity, when appropriately confirmed, can impact the proper functioning of the
Mined Geologic Disposal System (MGDS) waste package; the waste package has been identified
as an MGDS Q-List item important to safety and waste isolation (pp. 4, 15, Reference 5.1). The
waste package is on the Q-List by direct inclusion by the Department of Energy (DOE), without
conducting a QAP-2-3 evaluation. The Waste Package Development Department (WPDD)
responsible manager has evaluated this activity in accordance with QAP-2-0, Conduct of Activities.
The Perform Criticality, Thermal, Structural, and Shielding Analyses (Reference 5.2) evaluation has
determined the preparation and review of this design analysis is subject to Quality Assurance
Requxrement: and Description (Reference 5.3) requirements. As specified in NLP-3-18, this actmty
is subject to QA controls.

The analysis described in this document supports development of the disposal criticality analysis
methodology. No designs were analyzed in this document. This document will not directly support
any construction, fabrication, or procurement activity and therefore is not required to be pnocedurally .
controlled as TBV (to be verified). The calculation design inputs or information used in this
document come from data accepted by the Nuclear Regulatory Commission and by the scientific and
engineering community as established fact. The specific references are listed in Section S and
identified in Section 7. The information is therefore not treated as unqualified data.

3. Method

The analytical model employed for this analysis was the SAS2H module of the SCALE sequence.
Based upon fuel design, power history, and operating data for specific assemblies in the H.B.
Robinson pressurized water reactor (PWR), a computational model was developed for use with the
SAS2H module of SCALE. The SAS2H module is used to pcrform a fuel depletion analysis to
predict the isotopic concentrations in localized areas of assembly pins (pellet samples) subséquent
to irradiation and cooling time. The isotopic concentrations predicted by the SAS2H module are
then compared with measured concentrations of the same localized areas (axial locations) of the
assembly pins to determine the accuracy of the developed model. The measured isotopic
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concentrations used for comparisons in the analysis are obtained from a separate report (Reference
5.6).

4; Design Inputs

The sources for the design parameters are References 5.4 through 5.9. References 54 and 5.5
provides information on molar masses and half-lives; the assembly design, power history and
operating parameters are obtained from References 5.6 and 5.7; the cladding composition from
Reference 5.8; and a list of trace elements in the fuel is derived from Reference 5.9.

4.1 Design Parameters

The half-life of ®Tc and molar masses of selected elements are obtained from Reference 5.4, while
the molar mass of ®Tc is obtained from Reference 5.5. The half-life and molar masses are provided
below within three significant figures. Precision beyond three significant figures is not necessary
.since the calculated isotopic concentrations from SCALE are only to three significant figures. Also,
the weight per mole of enriched uranium is approximated by the weight per mole of natural uranium
since the weight percent of enrichment is small.

Mole of natural uranium = 238 g,

Half-Life of ®Tc = 2.13 x 10° years,

6.02 x 10® atoms per mole. (Reference 5.4)
Mole of ®Tc =98.9 g. (Reference 5.5)

General spent fuel characteristics for each pellet sample are presented in Table 4-1 and include the
initial U enrichment, final burnup and the cooling time (Table 2, Reference 5.6). The initial
enrichmént of all samples is 2.561 wt% 2*U and the bumup ranges from 16.02 to 31.66 GWd/MTU.
The cooling time for the samples at axial locations of 11 cm and 26 c¢m is 3,936 days, while the
cooling time for the samples at axial locations of 199 cm and 226 cm is 3,631 days.

Assembly design parameters are pmscmcd in Table 4-2 (Table 8, Reference 5.6). The samples come
from a Westinghouse 15 x 15 assembly with one instrument tube and 20 guide tube positions. A
cross section of a Westinghouse 15 x 15 assembly is presented in Figure 4-1 (Figurc 8, Reference
5.6). During operation the instrument tube was empty and there were 12 burnable poison rods during
the first cycle of irradiation. Burnable poison rod composition and dimensions are included in
Tables 4-2 through 4-4 (Tables 11 and 12, Reference 5.6). The borosilicate glass density was gwcn
as 2.23 g/em’.

The operating parameters in Table 4-5 include the cumulative burnups, average specific powers, fuel
temperatures, average cycle boron concentrations and the position of the burnable poison rods
(Tables 8 and 9, Reference 5.6; Table 3.8, Reference 5.7). The assembly was irradiated for two
cycles; however, data reported in Reference 5.6 contains two intervals for cach cycle to allow. for
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downtime at the cycle midpoints. Reference 5.6 approximated a linear decreasing specific power
based on reactor data, which was normalized to the final total burnup to produce the interval burnups
and corresponding average specific powers in Table 4-5. Fuel temperatures could not be obtained
for the H. B. Robinson samples, therefore, it is assumed that the fuel temperatures are the same as
those for Turkey Point, also a Westinghouse 15 x 15, Reference 5.7. .

Moderator conditions for each sample are given in Table 4-6 and include the moderator temperature
and density (Table 10, Reference 5.6). The moderator temperatures obtained were based upon a
sinusoidal function of axial height, with inlet and outlet moderator temperatures 546.5°F and
600.6°F, respectively.  The moderator density given in Reference 5.6 was determined from the
moderator temperature and the nominal pressure of 2250 psia.

The composmon of the cladding, Zircaloy-4, is presented in Table 4-7, and has a density of 6.56
g/cm® (Reference 5.8). A list of trace elements in the fuel used in updatmg cross sections during the
depletion analysis is presented in Table 4-8 and developed with consideration of elements used in
(Table 1, Reference 5.9). A generic set of light element weights for PWRs that is typically used in
depletion analyses is included in Table 4-9 (Table 17, Reference 5.6). Variations in light element
masses per unit fuel in different PWRs are small when compared to this generic set (p. 2-2,
Reference 5.9). This data is provided in units of kg/MTUO, or kg/MTU depending on the units
required in the analysis.

The measured isotopic concentrations are presented in Tables 4-10 and 4-11 (Tables 28 and 29,
Reference 5.6). The measurements were performed at the Materials Characterization Center at
Pacific Northwest Laboratory for fuel pellets at four different axial positions in Rod N-9 of
Assembly BOS. Eight actinides and one fission product were measured and are presented with units
of g of isotope per g of UOQ, for the actinides (Table 4-10) and Curies per g UO for the fission
product (Table 4-11).

Table 4-1. Spent Fuel Characteristic Parameters for H. B. Robinson PWR

Test Assembly B05, Rod N-9
Enrichment: 2.561 wt % U
Axial Location from Bottom of Assembly, Burnup, ' Cooling Time,
cm GWd/MTU days
11 . 1602 3936
26 23.81 3936
199 - 2847 3631
226 ' 3166 . 3631

Reference 5.6
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Table 4-2. Assembly Design Parameters H. B. Robinson PWR

Parameter Data
Assembly general data: . :
Designer Westinghouse
Lattice . “15x 15 )
Number of Fuel Rods ’ 204
Number of Guide Tubes - 20
Number of Guide Tubes with Burnable Poison Rod (Cycle 1) 12
Number of Instrument Tubes 1
Assembly Pitch, cm 21.50
Assembly Fuel, kg U ’ 4437
Fuel Rod Data: A
Type of Fuel Pellet uo,
‘Enrichment, | _
wt % 25U 2.561
wt % 34U 0.023
wt % 36U 0.013
Pellet Stack Density, g/cm’ 9.944
Rod Pitch, cm 1.4300
Rod Outside Diameter (OD), cm 1.0719
Rod Inside Diameter (ID), cm 0.9484
Pellet Diameter, cm 0.9294
Active Fuel Length, cm 365.76
Clad Material Zircaloy-4
Guide Tube Data:
Inner Radius, cm 0.6502
Outer Radius, cm ' 0.6934
Tube Material Zircaloy-4
Burnable Poison Rod Data:
Air OD, cm 0.5677
SS304 OD, cm . 0.6007 -
AirOD, cm 0.6172
Borosilicate Glass OD, cm 1.0058
AirOD, cm 1.0173
SS304 OD, cm 1.1151 °

Reference 5.6
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Figure 4-1. Cross Section of H. B. Robinson Assembly

P
o
N @ D N9 (D S
M O
L o O O
K S D
J
H O @ O
G
F D D
E O | O
D 10
c D D D D
B
- A
1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15
Fuel Rod Location (D | Instrument Tube Location
O | Guide Tube Location @ | Bumable Poison Rod Location

Reference 5.6



Waste'Package Development

Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From H. B. Robinson PWR Reactor

Document Identifier: BO0000000-01717-0200-00140 REV 00

Page 9 of 29

Table 4-3. Borosilicate Glass Composition

Compound " Welght Fraction
Sio, 0.805
B,0, 0.125
Na,0 0.038
K,0 0.004
Al,0, 0.022
Reference 5.6
Table 4-4. Borosilicate Glass Atom Densities
Element/Isotope Weight Fraction Density, atoms/barn-cm
o 0.5358 004497
Na 0.0282 0.00165
Al 0.0116 . 0.00058
Si 0.3763 0.01799
0.0033 0.00011
B 0.03882 N/A
'°B N/A 9.595 x 10*
B N/A 3.863x 10°
Total 0.99402 N/A

Reference 5.6
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Table 4-3. Borosilicate Glass Composition

Compound " Welght Fraction
Sio, : 0.805
B,O, ' 0.125
Na,0 0.038
K0 . 0.004
Al,0, 0.022
Reference 5.6
Table 4-4. Borosilicate Glass Atom Densities
Element/Isotope ‘Weight Fraction Density, atoms/barn-cm
o 05358 004497
Na ) 0.0282 0.00165
Al 0.0116 0.00058
Si 0.3763 0.01799
K 0.0033 0.00011
B 0.03882 N/A
B N/A © 9.595x 10*
B N/A . 3.863x 103
Total . 0.99402 N/A

Reference 5.6
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Table 4-5. Operating Data H. B. Robinson PWR
Sample Axial Cyde1 Cycle 1 Cycle 2 Cycle 2
Identifier | Location, First Second First Second
cm - Interval | Interval Interval Interval
Uptime, days all all 2435 2435 156.0 156.0
Downtime, days all all 40.0 64.0 39.0 See Table
) 4-1
Cumulative Burnup, N-9B-S n - 5.08 9.99 13.04 16.02
GWJIMTU
N-SB-N 26 7.85 15.18 19.60 23.81
N-9C-J 199 9.62 18.41 23.61 28.47
N-9C-D 226 10.88 20.68 26.39 31.66
Specific Power, MW/MTU N-9B-S 11 20.86 20.15 19.57 18.11
N-9B-N 26 3223 30.10 28.35 26.99
N-9C-J 199 39.50 36.11 33.33 31.16
N-9C-D 226 44,68 4025 36.61 3178
Fuel Temperature, K all all 922 922 922 922
Cladding Temperature, K all all 595 595 595 595 ’
Average Soluble Boron, ppm all all 652.5 2415 652.5 2475
Burnable poison fixture, infout all all in in out out

References 5.6 and 5.7
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.Table 4-6. Moderator Conditions H. B. Robinson PWR

Pellet Axial Total Moderator Temperature Density of

Sample Location Burnup Moderator
Xdentifier * (cm) (GWA/MTU) °F K (g/cm®)
N-9B-S 11 16.02 546.6 559 9.7544
N-9B-N 26 23.81 547.2 559 0.7538
N-9C-J 199 28.47 577.3 576 0.7208
N-9C-D 226 31.66 583.3 579 0.7135

Reference 5.6

Table 4-7. Composition of Zircaloy-4

.Material Weight Percent
o 0.12
Cr 0.10
Fe 0.20
Sn 1.40
Zr 98.18

Density = 6.56 g/cm?®

Reference 5.8
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Table 4-8. Nuclides Updated in SAS2H
BKr BKr vy %St %Mo $Zr
MZr *Nb ¥Zs #Tc IRu 12Rh
15Rh 15p L 105pg 10¢pg 19 Ag - u‘Sb
BixXe 132Xe 14Cs 1%Xe 135Cs 136Xe
1¥Ba 131Cs 1¥La Mipy 3pr 1°Nd
Ce SNd “INd “IPm “ISm pm
5Sm 10Sm B1Sm 51Sm Eu . Eu
lSSGd lSSEu
Reference 5.9
Table 4-9. Light Element Mass per Unit of Fuel in a Typical PWR
‘Element kg/MTUO,
O 119.0

Cr 5.2

Mn 0.29

Fe 11.0

Co 0.066

Ni 8.7

Zr 195.0

Nb 0.63

Sn 3.2

Reference 5.6
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Table 4-10. Measured Isotopic Concentrations (g/g UO,)

Axial Location, cm 11 26 199 226
Sample Identification N-9B-S . N-9B-N N-9C-J " N-9C-D
Burnup, GW&/MTU 16.02 23.81 28.47 31.66
By ' 1.07E-2 7.21E-3 6.18E-3 4.86E-3
By 2.19E-3 2.74E-3 2.82E-3 3.00E-3
»y 8.47E-1 8.47E-1 8.34E-1 8.42E-1
mpy 2.83E-5 695E5 | 114E4 | 1.30E<
¥py 3.64E-3 4.02E-3 4.39E-3 4.20E-3

| #**Pu 1.09E-3 1.67E-3 197E-3 2.12E-3

| Uipy 3.04E-4 5.04E4 6.81E-4 6.92E4
¥'Np 1.55E-4 2.60E-4 3.04E4 3.33E4

Reference 5.6

Table 4-11. Measured Isotopic Concentrations (Ci/g UO,)

Axial Location, cm 11 26 199 226
Sample Identification - N-9B-S N-9B-N N-9C-J N-9C-D
Burnup, GWd/MTU 16.02 23.81 - 2847 31.66
»Tc 5.44E-6 8.09E-6 8.95E-6 1.01E-S

Reference 5.6

4.2 Criteria

The design of the waste package will depend on waste package configuration criticality analyses
performed using an acceptable disposal criticality analysis methodology. Criteria that relate to the
development and design of repository and engineered barrier components are derived from the
applicable requirements and planning documents. The Engineered Barrier Design Requirements
Document (EBDRD, Reference 5.12) provides requirements for engineered barrier segment design.
The Repository Design Requirements Document (RDRD, Reference 5.13) provides requirements
for repository design. The Controlled Design Assumptions Document (Reference 5.14) provides
guidance for requirements listed in the EBDRD and RDRD which have unqualified or unconfirmed
data associated with the requirement. .
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This analysis supports the disposal criticality analysis methodology by providing input, in the form
of fuel depletion results, to benchmark calculations which address the prediction of both spent fuel
isotopic compositions and their associated reactivity. These benchmark calculations will contribute
to the determination of bias values in the method of critical multiplication factor calculation that is
implemented by the analytic tools to be used in the disposal criticality methodology. The
requirements for utilizing the bias in the method of calculation of the critical multiplicatioh factor
for disposal configurations containing spent nuclear fuel are located in Section 3.2.2.5 of the RDRD
and Section 3.2.2.6 of the EBDRD. This analysis does not satisfy these requirements, but the results
from this analysis will be used as input to subsequent analyses which will satisfy these requirements.

4.3  Assumptions

43.1 The fuel temperatures are assumed to be the same as for the Turkey Point Unit 3
temperatures from Table 3.8, Reference 5.7. This basis for this assumption is that the
relationship between power and temperature in Turkey Point and H. B. Robinson are similar.
The reason is that both reactors utilize the Westinghouse 15 x 15 assembly design and the
samples for H. B. Robinson were irradiated at approximately the same specific power as
those from Turkey Point Unit 3. This assumption is used in Section 7.2.

4.4 Codes and Standards

There are no applicable codes or standards for this design analysis.
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5.13

- 5.14

Repository Design Requirements Document, YMP/CM-0023, REV 00, ICN 01, DOE
OCRWM.

Controlled Design Assumptions Document, DI# B00000000-01717-4600-00032 REV 04,
ICN 01, CRWMS M&O.

6. Use of Computer Software

Reference S5.10 describes the SAS2H module of SCALE 4.3 that is used with the

44GROUPNDFS5 cross section library to calculate the isotopic concentrations for the
specified burnup and cooling time. The computer code’s spatially independent point
depletion model is appropriate for comparison with pellet sample measurements, and is used
within the range of validation, as described in Reference 5.11, in accordance with the QAP-
SIseries procedures. SCALE is obtained from the Software Conﬁguralion Management in
accordance with appropriate procedures. SCALE’s CSCI number is 30011 V4.3 and is
installed on the WPDD HP 9000, 700 Workstation with CRWMS M&O tag number 110433,

Lotus 1-2-3 Release 5 for Windows 95 is an Acquired Software spreadsheet program as
defined in QAP-SI-0. User defined formulas and/or algorithms, inputs and results, are
documented in the appropriate sections.
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7. Design Analysls

The SAS2H module of SCALE 4.3 is used to perform one-dimensional (1-D) neutron transport and
point depletion analyses on the H. B. Robinson assemblies using the preferred 44GROUPNDES
cross-section library. To properly model the neutron flux spectrum and the nuclide composition

" changes, it is necessary to define the compositions, temperatures, and geometry of the fuel'assembly. |
This is accomplished with the use of data blocks in which similar parameters are grouped together.

7.1 SCALE Input Data Blocks 1,2, and 3

Data blocks 1 through 3 define the SCALE module to be used, the title of the input file, the cross
section library to be used, and the lattice type to be modeled. The module used is SAS2H and the
cross sectional library is 44GROUPNDFS, abbreviated as 44GROUP. The 44GROUP cross section
library is recommended by Oak Ridge National Laboratory. Since SAS2H is only to be used for
isotopic depletion/generation, the ‘parm=skipshipdata’ option is used so that a shipping cask
shielding analysis is not performed. The title is arbitrary and should contain information that is
sample specific, while the lattice type is “latticecell” to reflect the array characteristic of the

assembly.
7.2  SCALE Input Data Block 4

Data block 4 defines the material compositions present in the assembly. A unique mixture number
is assigned to each composition, and follows the form of mixture 1 for fuel, mixture 2 for cladding
and mixture 3 for moderator.

The fuel mixture is specified as UO, with a dcnsny and isotopic weight percentages from Table 4-2
and a fuel temperature from Table 4-5. Isotopes which are selected as needing their cross sections
updated dunng the dcpleuon analysis are included in the fuel mixture. A standard list of trace fuel
elements is given in Table 4-8 and defined in the fuel mixture to havc a concentration of 10%
atoms/barn-cm.

The cladding material of Zircaloy-4 is not contained within the Standard Composition Library in
SCALE 4.3 and must be defined as an arbitrary material. The cladding is defined with a density and
isotopic weight percentages from Table 4-7 and temperature given in Table 4-5.

The moderator temperature, density and boron concentration are given in Tables 4-5 and 4-6, and
is composed of H,0 and boron. The boron is defined as an arbitrary material with the moderator
density and temperature, a volume fraction equal to the average boron concentration of the first
interval of the first cycle, and a standard boron composition from the Standard Composition Library
designated as 5000.
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Three additional mixtures must be specified. These are the stainless steel 304 cladding of the
burnable poison rod, the borosilicate glass of the burnable poison rod and the air in between the
borosilicate glass and cladding. The air between the borosilicate glass and the cladding is given the
mixture number of 4, and is defined as nitrogen with an atom density of 5 x 10 atoms/bam-cm, and
a temperature equal to the moderator temperature. The stainless steel 304 is given the mixture
number of 5 with a temperature also equal to the moderator temperature.’ Finally, the borosilicate
glass composition is given a mixture number of 6 with atom densities from Table 4-4 and again a
_temperature equal to the moderator temperature.

It is noted that subsequent to performing the SAS2H calculation on sample N-9C-D it was
discovered that there was an error in the temperature for mixture number 5. The error consisted of
a -3 K difference between the temperature specified in the SAS2H input file and the temperature
specified in Table 4-6. It is determined that such error will not effect the calculation of the isotopic
concentrations.

7.3  SCALE Input Data Blocks 5 Through 7

The unit fuel rod cell geometry is defined in data block 5. The ‘squarepitch® designation for the type
of lattice is appropriate since the fuel assembly consists of a square array of fuel rods. Fuel rod,
cladding and pitch dimensions are given in Table 4-2 with the mixture number for each composition
defined in Section 7.2. The gap mixture is defined as 0.

Data block 6 allows the user to specify such parameters as the spatial mesh, angular quadrature and
the convergence criteria. It is determined that the default values are sufficient and such options are
not used in this design model.

In data block 7 the user defines general assembly data and determines the level of detail in which the
assembly is to be modeled. The number of fuel rods per assembly is given in Table'4-2 and the
length is calculated so that an assembly contains 1 MTUO,, using the following equation:

1 . 10%U0,

Lcngt’t
-E-(POD)’(PDcn)(NFR) IMTUO,

Equation 7-1

Where:
Length = Length Required for an Assembly to Contain 1 MTUO, (cm)
POD = Fuel Pellet Diameter (cm)
PDen = Fuel Pellet Density (gUO,/cm?)
NFR = Number of Fuel Rods

Since, measured isotopic concentrations are presented in either grams or Ci per gram UQ, of isotope .
per gram UO, and SCALE presents concentrations in grams of isotope per assembly, it is possible
to alter the length so that the assembly contains 1 MTUO,. This is possible since the 1-D transport
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calculation is axially independent, consequently the length of the assembly does not impact the
neutron flux spectrum nor the nuclide cross sections. The resulting length for the Robmson
assembly is 726.63 cm.

The assembly was irradiated for two cycles that are both broken into two equivalent irradiation time -
intervals each. It is determined that approximately 80 days per cross section library is sufficient to
accurately model the change in nuclide cross sections with increasing burnup, without over-
burdening the SAS2H code. Therefore, the number of libraries per cycle are specified as three. To
obtain the concentrations of all interested nuclides, a print level of 5 is chosen, while an input level
of 2 is defined so that a Path B model may be utilized. The number of light elements is nine and-is
determined from Table 4-9, while the number of zones is eleven which is determined by the Path B
model described in Section 7.4.

SAS2H calculates a linear boron concentration let down over each cycle when the number of
libraries per cycle are specified as greater than one. The methodology calculates an initial boron
concentration equal to 1.9 times the average boron concentration and a final boron concentration
calculated as 0.] times the average boron concentration. These two end points are used to determine
a linear fit for the boron concentration let down, which is used to calculate the boron concentrations
for each library in the cycle. However, a problem arises when the cycle specified is not a full cycle
but rather an interval of a cycle. (It is sometimes necessary to specify an interval as a cycle in
SAS2H so that either a period of downtime during the actual cycle or a power change during the
actual cycle may be modeled.) In this case SAS2H would let down the boron concentration to 0.1
times the average boron concentration for the first interval and jump up to 1.9 times the average
boron concentration for the beginning of the second cycle. In reality, the jump does not exist and,
therefore, the modeling of the boron concentration let down is inexact. A solution to this problem
would be to split all cycles into approximately 80 day intervals and change the number of libraries
per cycle to one. However, experience with the SAS2H code indicates that the error due to an
inexact boron concentration let down function, such as described here, is usually less than 0.5%.

Therefore, allowing the SAS2H code to perform a boron concentration over an interval of a cycle
is an acceptable approximation to the actual boron concentration let down.

74  SCALE Input Data Block 8

The Path B model for Robinson changes from cycle 1 to cycle 2, since the burnable poison rod is
withdrawn in cycle 2. For cycle 1 the burnable poison rod is centralized with a surrounding guide
tube which is further surrounded by the homogenized fuel and moderator mixture and finally the
moderator between assemblies. The equation below is used to determine the number of fuel unit
cells that surround the burnable poison rod by conserving the fuel to moderator volume ratio. All
of the following equations used to calculate the Path B model dimensions are derived. The results
of the fuel-unit-cell calculations are presented in Table 7-1, and the resulting Path B model
dimensions are presented in Table 7-2.
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M — Equation 7-2
(FV)-(-ﬁ)(MV)
s 2
F (NFR)( 4)(P0D)
M

wpmmfﬂ-excom’louvcm[RP’-(i‘-)(GmDfoGHD)’I~

(NGTRIRP*-(2)(GTOD)*+(2)(GTIDY - (2)(BPRODY] +

[RPL(-E)(HDD)’*(-E)(HTD)’] ' Equation 7-3
CUCMV-RP’-(-E)(GTOD)’*(E)(GHD)’-(%)(BPROD)’ Equation 7-4
FV=(3)(POD}} Equation 7-5
MV=RP2-(%)(COD)’ Equation 7-6

Where:
x = Number of Unit Fuel Cells per Central Poison Rod or Guxdc Tube (Cycle 2)
F/M = Fuel to Moderator Volume Ratio
NFR = Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer Diameter
NGTE = Number of Empty (Non-Rodded) Guide Tubes
GTOD = Guide Tube Outer Diameter
GTID = Guide Tube Inner Diameter
NGTR = Number of Rodded Guide Tubes
BPROD = Outside Diameter of Burnable Poison Rod
CUCMY = Central Unit Cell Moderator Volume
FV = Fuel Volume of Fuel One Unit Cell
MV = Moderator Volume of One Fuel Unit Cell

Once the number of fuel cells per burnable poison rod is determined the geometry of the Path B
model is calculated. Since the bunable poison rod unit cell is centralized, the dimensions of the
burnable poison rod and surrounding guide tube are the same as those presented in Table 4-2.
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The radius for the moderator surrounding the guide tube, but still within the guide tube cell, is

_calculated with the following equation:
| R= '! G)rp3 Equation 7-7
n
Where: ) '

R, = Radijus of Moderator Surrounding Guide Tube

The area of an annular region is calculated by the difference between the outer circular area and the
inner circular area. Equation 7-8 is the basis for the Equations 7-9 and 7-10 which determine the
radii of the homogenized fuel zone and the outer moderator zone.

ARA=n(ORAR2-IRAR? Equation 7-8

Where:
ARA = Annular Region Area
ORAR = Outer Radius of Annular chxon
IRAR = Inner Radius of Annular Region

The area of the homogenized fuel zone surrounding the guide tube unit cell is equal to the number
of fuel unit cells surrounding the guide tube multiplied by the area of a fuel unit cell. Consequently,
the radius of the homogenized fuel zone is computed with the following equation:

Rio=, , (f;)RP%R: Equation 7-9

Where: )

R, =Radijus of Homogenized Fuel and Moderator Zone

The mixture number of the homogenized fuel and moderator mixture must be specified as 500 The
code then determines the composition of the region based upon the dimensions and mixtures
specified in the fuel unit cell data block S.

The moderator between assemblies is determined by calculating the total moderator volume and
multiplying by the fraction of unit cells in the larger unit cell of the Path B model. The total
moderator volume between assemblies is determined by the assembly pitch and the fuel cell pxtch
multiplied by the number of unit cells. The radius of the moderator between assemblies is calculatcd
from the following equation:
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+1 ) .
Ry ;‘:—WIJ[APL(NCJ)(RP?)] R Equation 7-10
‘Where:

R,; = Radius of Moderator Between Assemblies
NCell = Number of Cells in Assembly
AP = Assembly Pitch

During cycle 2 the bumnable poison rods are not present. For the Path B model of cycle 2, the guide
tube is centralized with the homogenized fuel and moderator surrounding, followed by the between
assembly moderator. Due to the nature of the SAS2H input file, eleven zones must be declared.
Therefore, the dimensions of the bumable poison rod are used as the first six zones with a
composition of moderator. The dimensions and compositions of zones 7, 8 and 9 are the same as
those for the cycle 1 Path B model. These zones represent the guide tube and the moderator
surrounding the guide tube inside the guide tube unit cell. Zones 10 and 11 have the same
composition as in cycle 1; however, since the non-rodded guide tube is centralized and contains more
moderator than if it were rodded, the number of fuel unit cells surrounding the guide tube is greater.

The number of fuel unit cells needed for each centralized guide tube unit cell is calculated by
Equation 7-2 with an exception to Equations 7-3 and 7-4. Since there are no rodded guide tubes,
Equations 7-3 and 7-4 are modified to reflect such conditions and are shown below: :

X 2
F (NFR)( 4)(1’00)

M (NFR)[RP*-(%)(C’OD)’]’(Ncmmp’-(f})(crou)%(—:-)(cnw’lo

[RP’-(%)(ITDD)‘o(-;-‘-)(mD)’] Equation 7-11
CUCMV-RPL(-;’E)(GTOD)%(-;'-;-)(GHD)’ Equation 7-12

Equations 7-5 through 7-10 are used without modification to determine the dimensions of the of the
Path B zones.
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Table 7-1. Calculation of Fuel Unit Cell per Guide Tube Unit Cell

~ FM CUCMV, cm? FV, cm? MV, cm? x
Cyclel | 05313 0.8859 0.6784 11425 6.5975
Cycle 2 0.5085 1.8626 0.6784 " 1.1425 9.7143
Table 7-2. Path B Model Dimensions
Cycle 1 -Cycle 2
Radius, em Composition Radlus, cm Composition
R, 0.2839 Air 0.2839 Moderator
R, 0.3004 S$S304 0.3004 Moderator
R, 0.3086 Air 0.3086 Moderator
R, 0.5029 Borosilicate Glass 0.5029 Moderator
R, |  0.5087 Air 0.5087 Moderator
R, 0.5576 SS304 0.5576 Moderator-
R, 0.6502 Moderator 0.6502 Moderator
R, 0.6934 Zircaloy-4 0.6934 Zircaloy-4
. R 0.8068 Moderator 0.8068 Moderator
Ry, 2.2238 Fuel/Moderator 2.6408 Fuel/Moderator
R, 2.2290 Moderator 2.6470 Modcrator'

7.5  SCALE Input Data Blocks 9 Through 16

Data block 9 is used to describe the power history of the reactor. The specific power, fuel irradiation
period, the length of downtime, the fraction of boron and moderator density, and the temperature
during the cycle may all be defined. The specific power is in units of MW/MTUO, and must be
converted from the average specific powers given in Table 4-5 with the relation of 238 g U is equal
to 270 g UO,. The irradiation period and length of downtime are both defined in days with values
presented in Table 4-5. The moderator density is constant over both cycles and the boron fraction
is determined by dividing the cycle interval average boron concentration found in Table 4-5 by the
boron concentration specified in data block 4, Section 7.2. The boron fraction is specified with the
command ‘bfrac=". Values for the specific power and boron fraction are presented in Table 7-3.

Please note that the specific power for sample N-9B-S during the second interval of the second cycle
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is incorrect. The correct value is obtained by subtracting the burnup from the first interval of the
second cycle from the final burnup, and dividing by the number of days irradiated in the second
interval of the second cycle. The resulting specific power is 19.10 MW/MTU.

Table 7-3. Specific Power and Boron Fractions

Cycle 1 Cycle 1 C);cle 2 Cycle 2
Interval 1 Interval 2 Interval 1 Interval 2
Boron Fraction 1 0.3793 1 0.3793
Specific Power, MW/MTUO,
Sample N-9B-S 18.39 17.76 17.25 16.84
Sample N-9B-N 2841 26.53 2499 23.79
Sample N-9C-J 34.82 31.83 29.38 2747
Sa;nple N-9C-D 39.38 35.48 32.27 29.78

Light elements and their effective weight, in kg per assembly, are entered in data block 10. Table
4-9 provides a generic set of light elements and their weights, in kg per MTUO,. Since the fuel
length is altered so that there is 1 MTUO, per assembly the use of light elements with weights of kg
per MTUQO, is appropriate.

Data blocks 11 through 15 describe the parameters used in radial shielding analysis of a shipping
cask and are not necessary in performing the depletion analysis. Data block 16 dcnotcs the cnd of

the SCALE input.

7.6  Comparison of Calculated and Measured Concentrations

Comparisons of corresponding calculated and measured concentrations are performed on a percent
difference basis. The difference betweén the measured and the calculated value is divided by the
measured value to deterinine the accuracy of the SAS2H calculation. A positive percent difference
represents an over-prediction by the code, while a negative percent difference represents an under-
prediction by the code.

Measured concentrations presented in Table 4-10 have units of g of isotope per g of UQ,, while
calculated concentrations presented in Table 7-4 have units of g of isotope per Metric Ton of UO,.
Therefore, the measured concentrations must be muluplxcd by 10° gUO,/MTUO, to obtain similar
units.
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Measured concentrations presented in Table 4-11 have units of Curies per g UO,. The activity of
a particular isotope per gram UOQ, is converted to grams of that isotope per gram UO, using the half-
life and molar mass presented in Section 4.1 and the following equation:

Yo ., XCi , 37:10%Bq. 1, 3.06<10%,,  lImok . Mass, wation 7-13 '
9U0 > (QUO X Ci N )( 1yr )(6.02rlonalam1)(1"‘°l" Eq

(

Where:
Y = Measured Value Used in Comparison (g isotope/g UO,)
X = Measured Value from SAS2H (Ci isotope/g UO,)

ln(2) 1
l=__—
— orh)

Ty, = Half-life of Isotope (yr)
Mass = Molar Mass of Isotope

Percent differences for the actinides and fission products are presented in Table 7-5.

In an attempt to determine the impact of the assumption of a fuel temperature of 922 K, a sensitivity
analysis is performed. Two assemblies representing low and high burnups, N-9B-S and N-9C-D,
are used to observe the changes in isotopic concentrations with a 100 K decrease in fuel temperature.
The results are reported in Tables 7-6 and 7-7.

7.7 Results

SAS2H predicted isotopic concentrations are presentcd in Table 7-4. The calculated concentrations
are obtained through the methodology described in Sections 7.1 through 7.5, and with the'input
parameters defined in’ Section 4.1. Calculated concentrations are compared with measured
concentrations as described in Section 7.6 to determine the accuracy of the SAS2H module. Results
of the comparison, in the form of percent differences, are presented in Table 7-5. Also the results
of the sensitivity analysis are reported in Tables 7-6 and 7-7.
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Table 7-4. Calculated concentrations (g/MTUO,)

Sample N-9B-S N-9B-N N-9C-J N-9C-D
Identification
Burnup, 16.02 23.81 28.47 31.66
GWd/MTU : '
*Tc 3.61E2 5.19E2 6.07E2 6.65E2
sy 1.11E4 7.64E3 6.21E3 5.32E3
By 2.13E3 2.66E3 2.88E3 2.99E3
my - 8.47TES 8.42ES 8.38ES 8.35E5
¥INp 1.49E2 247E2 3.12E2 3.54E2
™py 2.76E1 6.62E1 1.00E2 1.25E2
py 4,02E3 4.40E3 4.61E3 4,68E3
#py 1.16E3 1.73E3 2.03E3 2.21E3
Uipy 3.14E2 5.12E2 6.54E2 7.18E2

Table 7-5. Percent Difference Between Measured and Calculated [(C/M-1)*100]

Sample N-9B-S N9B-N N-9C-J N-9C-D

Identification ) ) '
»Tc 12.40 8.66 14.88 11.52
™5y 3.74 5.96 0.49 9.47
4y -2.74 292 2.13 -0.33
By '0.00 -0.59 048 -0.83
BINp -3.87 -5.00 2.63 6.31
Bipy 247 -4.75 -12.28 -3.85
29py 10.44 9.45 5.01 11.43
uopy 6.42 3.59 3.05 425
Uipy 329 1.59 -3.96 3.76
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Table 7-6. Sensitivity Analysis for Sample N-9B-S

Calculated Concentration, g/MTUO, % Change in

Modeled Conditions | Fuel Temperature Decrease of 100 K ccitle‘:’tl:&im
»Te 3.61E2 3.61E2 . 0.00
sy 1.11E4 1.11E4 0.00
néy 2.13E3 2.14E3 047
my 8.47E5 | 8.47ES 0.00
INp 1.49E2 - 1.49E2 - 0.00
py 2.76E1 2.76E1 0.00
Dpu 4.02E3 3.98E3 -1.00
Upy 1.16E3 - L16E3 0.00
Hipy 3.14E2 3.11E2 -0.96

Table 7-7. Sensitivity Analysis for Sample N-9C-D

Calculated Concentration, g/MTUO, % Change in
Modeled Conditions | Fuel Temperature Decrease of 100 K c(,(,:,acl:nuthr;:j?,n;
*Tc 6.65E2 6.65E2 . 0.00
By 5.32E3 5.27E3 -0.94
By 2.99E3 3.00E3 0.33
»y 8.35E5 8.35ES 0.00 .
'Np 3.54E2 ' 3.52E2 -0.56
Bipy 1.25E2 1.25E2 0.00
Mpy 4.68E3 4.62E3 . -1.28
#py 2.21E3 ~ 221E3 0.00 -
uipy 7.18E2 7.10E2 L1l
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8. Conclusions

The accuracy in which the SAS2H module is able to predict isotopic concentrations is indicated by
the percent differences prcsentcd in Table 7-5. Inspection of such results reveals that the code has
a tendency to over-predict ®Tc, 25U, #*Pu, and °Pu, while it tends to under-predict 3Py, Percent
differences from this analysis are compared with results from Reference 5.6, in which similar
calculations were performed with a previous version of SCALE and the 27bumuplib cross section
library. The concentrations calculated in Reference 5.6 for the most part agree with the
concentrations calculated in this analysis; however, significant differences are seen for the plutonium
isotopes. Since there is a significant difference.in the Path B model from Reference 5.6 and the
model contained within, it cannot be determined what is responsible for the differences between
calculated concentrations. '

Results from the sensitivity analysis of the isotopic concentrations with fuel temperature reveal that
most calculated isotopic concentrations decreased by around 1.28% or less with a 100 K decrease
in fuel temperature. However, U is seen 'to increase slightly for a 100 K decrease in fuel
temperature, For the sample at relatively low burnup, N-9B-S, the isotopes of *°Pu and *'Pu
decreased by 1.00%.and 0.96%, respectively; U increased by 0.47% and the remaining isotopes
are unchanged. For the sample at relatively high burnup, N-9C-D, the isotopes of 33U, 2'Np, ***Pu
and **'Pu all decreased by 1.28% or less, while 2*U increased by 0.33%. Since the actual fuel
temperature is not expected to deviate more than 200 K from the temperature assumed, it is
concluded that the assumption of a fuel temperature of 922 K does not significantly effect the
calculated isotopic concentrations.

The SAS2H code normally predicts isotopic concentrations as a radial assembly average; however,
measurements are performed on individual pellet samples. Therefore, local pellet conditions are .
modeled as closely as possible in this analysis so that a more realistic pellet composition can be
determined. However, approximations made to obtain local pellet conditions will influence the
calculated isotopic concentrations.

In general, the SAS2H module of SCALE is adequate in predicting isotopic concentrations for
samples from H. B. Robinson, using the methodology presented. While over-prediction or under-
prediction is significant for a few isotopes, the majority of calculated concentrations are very close
to the measured concentrations. Although the assumptions for the fuel temperature do effect the
resulting isotopic concentrations, the effect is not significant enough to account for all variation
between the measured and calculated concentrations. More detailed operating data are expected to
improve the accuracy of the calculated concentrations in relation to the corresponding mcasummcnts
It is recommended that future analyses use more detailed data if possible. .
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9. Attachments

Attachment I includes six pages and contains the input files used in the modeling of the H. B.
Robinson samples. A description of the parameters contained within the input files is found in
Sections 7.1 through 7.5.

Included in Attachment II is an extraction from each of the output files, containing the following'
information:

. echo of the SAS2H input deck,

. time/date stamp for when the SAS2H depletion calculation was pcrformcd

. the output extraction of information pertinent to the Radiochemical Assay evaluations
from the final ORIGEN calculation of the SAS2H depletion calculation.
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rob9g16.input
wsas2h  parm=skipshipdata
H.B. Robinson N-9B-S 16.02 GWdMTU, 11 cm. July 97

mixtures of fuel-pin-unitcell

group  lamicecell

cep e e

vo2 1 dens9944 1 922

92234 0.023 92235 2.561 92236 0.013 92238 97.403 end
kr-83 10120922 end
kr-8S 101-20922 end
y-89 101]-20922 end
51-90 101.20922 end
93 101.20922 end
94 101-20922 end
r-95 101.20922 end
nb-94 101-20922 end
mo-95 101-20922 end
tc-99 101-20922 end
1v-101 1 01-20922 end
1u-106 ] 0120922 end
rh-1031 0 1.20922 end
rh-10510 (20922 end
pd-105 1 0120922 end
pd-108 1 0 1-20922 end
8g-109101-20 922 end
sb-124 10 1-20 922 end
xe-131 10 1.20922 end
xe-132101-20922 end .
x¢-335101.20922 end
x¢-136 101.20922 end
c3-134101-20922 end
€s-135101-20922 end
cs-137101-20922 end
ba-136101-20922 end
12-139 1 0 1.20 922 end
pr-141 1 01.20 922 end
pr-143 10 1.20 922 end
cc-144 10 1.20922 end
nd-143 10 1-20922 end
nd-145101-20922 end
nd-147 10 1-20922 end
pm-147 10 120922 end
pm-148 10 1-20922 end
sm-147 10 1-20922 end
sm-149101.20922 end
sm-150 10 1.20922 end
sm-151 101.20922 end
sm-152101.20922 end
cu-153101-20922 end
eu-154 101-20 922 end
cu-155101-20922 end
gd-155101-20922 end

arbm-2irc4 6.56 500 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.182 1.0 595 end

h20 3 den=0.7544 1 559 ead
arbm-bormod 0.7544 1 1 0 0 5000 100 3 652.5¢6 559 end

n 405-5559 end
55304 51559 end

o 600.04497 559 end
na 600.00165 559 end

Page I-1 of 6

sl 600.00058 $59 end
si 600.01799 559 end
k 600.00011559 end
b-10 609.5954 559 end
b-11 603.863-3559 end

* 653 ppm boron (wt) in moderator

end comp

assembly and cycle parameters

apin/atsm=204 fuelngth=726.63 ncyclessd nlit/cyc=3
printlevel=$ lightels? inplevela2 numatotal=l]
mxrepeats=0 ead

4 0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4 0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 $ 05576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
40.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 § 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.22%0

4 0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5037 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.2290
402339 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4 0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.2290

30.2839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6534 3 0.8068 500 2.6408 3 2.6470
$0.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 S00 2.6408 3 2.6470 .
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470 )

30.2839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

power=18.39 bum=243.5 down=40 end
power=17.76 bum=243.5 down=64 birac=03793 end
power=17.25 bum=156.0 down=39 birac=].0 end .
power=16.84 bumn=156.0 down=3936 bfrac=0.3793 end
0119er5.2mn 0.29
fe 11 ¢0 0.066 ni 8.7
zr195nb 0.63303.2

* the above light elements convertad to kg per mtuo2




Attachment I: B0O0000000-01717-0200-00140 REV 00

rob9g23.input
=tas2h  parm=skipshipdata
H.B. Robinson N-9B-N 23.81 GWdMTU, 26 cm, July 97

mixtures of fucl-pin-unitcell

4grovp  larticecell

vo2 ] den=9.944 1 922
92234 0.023 92235 2.561 92236 0.013 92238 97.403 end

kr-83 101-20922 end
ke-85 101.20922 end
y-89 101.20922 end
5r-90 101.20922 end
2193 101.20922 end
94 10120922 end
95 101-20922 end
nb-94 101.20922 end
mo-9S 101-20922 end
1¢-99 101-20922 end
ru-101 10 1-20 922 end
u-106 10 1-20 922 end
th-103101-20922 end
rh-105 101-20922 end
pd-105 10 1.20 922 end
pd-108 1 0 1-20 922 end .
0g-109 101-20922 end
sb-124 10 1-20922 end
xe-131 101-20922 end
xe-132103-20922 end
xe-135101-20922 end
xe-136101-20922 end
¢3-134 10 1-20922 end
¢5-135101.20922 end
¢3-137101.20922 end
ba-136101-20922 end
12-139 10120922 end
pr-141 1 01.20922 end
pr-143 10 1.20922 end
ce-144 10 1-20922 end
nd-143 10 1-20922 end
nd-145 1 01-20922 end
nd-147 10 1-20922 end
pm-147101-20 922 end
pm-148 1 0 1-20 922 end
sm-147101.20922 end
sm-149 1 0 1-20 922 end
sm-150 1 01-20922 end
sm-151101.20922 end
sm-152 10 1-20 922 end
eu-153101-20922 end
cu-154 10120922 end
eu-155101-20922 end
§d-155101.20922 end

arbm-zirc4 6.56 5 0 00 8016 0.12 24000 0.10 26000 0.20 50000 §.40

4000098.18 2 1.0 595 end

h20 3 den=0.7538 1 559 end
arbm-bormod 0.7538 1 1 0 0 5000 100 3 652.5¢-6 559 end

n 4055559 end
33304 5 1559 end

o 600.04497 559 end
na 60000165559 end
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al 600.00058 559 end
si 60001799 559 end
k 600.00011 559 end
b-10 609.5954 559 end
b-11 603.363-3 559 end

* 653 ppm boron (w1) in moderator

mssernbly and cycle parameters

npin/assm=204 fuelngth=726.63 acycless4 nlib/cye=3
printlevel«S lightelsd inplevel=2 numziotal=1]

mxrepeats=0 end

40.2839 5 0.3004 4 0.3085 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 22290

40.2839 5 0.3004 4 0.3085 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290

40.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290

40.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.5502
2 0.6934 3 0.3068 500 2.2238 3 2.2290
40.2839 5 0.3004 4 0.3036 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.2068 500 2.2238 3 2.2290
402839 5 0.3004 4 0.30%6 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.2290

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6534 3 0.8068 500 2.6408 3 2.6470

30.2839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8058 500 2.6408 3 2.6470
30.283930.3004 3 0.3085 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
2069343080685002.6‘0!32.6‘10

power=28.41 burn=243.5 down=40 end
power=26.53 bumn=2415 down=64 bfrace0.3793 end *
powern24.99 burn=156.0 down=19 bfrac=1.0 end
power=23.79 bum=156.0 down=3936 birac=0.3793 end
0119er5.2mn0.29
fe 11¢00.066ni 8.7
Rt 195n5 0633032

* lhenboveﬁduekmemcmvcmdwk;pefmnoz

........ secsccsccscesrcs



Attachment I: B00000000-01717-0200-00140 REV 00

rob9g28.input
=tas2h  parm=skipshipdata
H.B. Robinson N-9C-J 28.47 GWAMTU, 199 cm, July 97

mixtures of fuel-pin-unitcell
'“gmup latticecell

uo2 lden=9944 1 922

92234 0.023 92235 2.561 92236 0.013 92238 97.403 end
kr-83 101.20922 end
ke85 101.20922 end
y-39 101.20922 end
5190 101.20922 end
2193 101-20922 end
2194 101.20922 end
2r-95 101.20922 end
nb-94 10 1.20922 end
mo-95 101-20922 end
tc-99 101.20922 end
ru-101 10 1-20 922 end
r-106101.20922 end .
rh-1031 0 120922 end
th-105 10 1.20 922 end
pd-10510 120922 end
pd-108 1 0 1-20922 end
2g-109 10 1-20922 end
3b-124 10 1.20922 end
x¢-131101-20922 end
x¢-132101-20922 end .
xe-1351 01.20922 end
xe-136 10 1.20922 end
cs-134 10 §.20922 end
cs-135101.20922 end
cs-137 10 1.20922 end
ba-136101.20922 end
1a-139 1 0 1-20922 end
pr-141101-20922 end
pr-143 1 0 1.20 922 end
ce-144 1 01.20922 end
nd-143101-20922 end
nd-145 10 1-:20 922 end
nd-147 10120922 end
pm-147 10 1-20 922 end
pm-148 10 1-20922 end
sm-147 10 1.20922 end
sm-149 10 1.20922 end
sm-150101.20922 end
sm-151101-20922 end
sm-152101-20922 end
eu-153 101.20922 end
eu-154 10 1-20922 end
eu-155 10120922 end
gd-155101.20922 end

_arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.182 1.0 595 end

h20 3 den=0.7208 ] 576 end
arbm-bormod 0.7208 1 1 0 0 5000 100 3 652.5¢-6 576 end

n 4055576 end
55304 51 576 end

o 600.04497 576 end
nz 600.00165 576 end

PageI-3 of 6

al 600.00058 576 end
si 60001799576 end
k 600.00011 576 end
b-10 6 095954 576 end
b-11 603.363-3576 end

* 653 ppm boron (W) in moderator

: assembly and cycle parameters

npin/assma=204 fuelngth=T26.63 ncycless4 nlib/cyc=3
prindevel=S lightel=9 inplevel=2 numzotal=11

mxrepeats=0 end

402839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
402839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4.0.2839 S 0.3004 4 0.3085 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 32.2290

4.0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 22238 3 2.2290
40.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 S 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
40.2839 503004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.3068 500 2.6408 3 2.6470
30.283930m30.308630.5029305087305576306502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 30.3004 30.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
3028393036)43030863050293050!730.5576306502
20693430806850026408326470

powern34.82 bum=243.5 down=40 end
power=31.83 bumn=243.5 down=64 biracs0.3793 end
powere29.38 burn=156.0 down=39 bfrac=1.0 end
power=27.47 bum=156.0 down=3631 bfrac=0.3793 end
o119cr52mn 0.29
fe 11 c00.066 ni 8.7
2r 195 nb0.633n3.2

* the above light elernents converted to kg per mtuo2

end



Attachment I: B00000000-01717-0200-00140 REV 00

rob9g32.input
msas2h  parm=skipshipdata
H.B. Robinson N-9C-D 31.66 GWdMTU, 226c:m1uly91

mixtures of fuel-pin-unitcell

'ugmup latticecell

vo? 1dens9.9441 922
92234 0.023 92235 2.561 92236 0.013 92238 97 403 end

kr-83 101.20922 end
kr-85 101-20922 end
y-89 101-20922 end
590 10 1-20922 end
2r-93 101.20922 end
2r-94 10 1.20922 end
2r95 10120922 end
nb.94 101.20922 end
mo-95 1 01:20922 end
1299 101-20922 end
r-101 10 §-20922 end
ru-106101-20922 end
1h-103101.20922 end
rh-105 10120922 end
pd-105101-20922 end
pd-108 10 1-20922 end
2g-109101-20922 end
sb-124 10 1-20 922 end
xe-131101-20922 end
x¢-132101-20922 end .
x¢-135101-20922 end
x¢-136101-20922 end
cs-134101-20922 end
¢s-135 10 1.20922 end
¢s-13710 120922 end
ba-136101-20922 end
12-139101-20922 end
pr-141101-20922 end
pr-143101-20922 end
ce-144101-20922 end
nd-143 10 1.20922 end
nd-145101.20 922 end
nd-147 1 0 1-20 922 end
pm-3147 10 1-20 922 end
pm-148 101.20922 end
sm-147 10 1-20922 end
sm-149 10 120922 end
sm-150101.20922 end
sm-151 10120922 ead
sm-152 10 1-20922 end
cu-153101-20922 end
eu-154 10120922 end
€u-155101-20922 end
2d-155 10120922 end

arbm-zirc4 6.56 5 00 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
4000098.182 1.0 595 end

h20 3 den=0.7135 1579 end

arbm-bormod 0.7135 1 1 0 0 5000 100 3 652.5¢-6 579 end

n 4055579 end

33304 5 1 576 end

o 600.04497 579 end
na 600.00165579 end
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al 600.00058 579 end
si 600.01799 579 end
k 600.00011 579 end
b-10 609.5954 579 end-
b-11 603.863-3579 end

* 653 ppm boron (wt) in modenator

‘fucl-pin-cell grometry:
squarepitch 1.430.9204 13 1.071920.9484 0 end

' assembly and cycle parameters

npin/assm=204 fuelngtha726.63 ncycles=4 nlib/cyc=3
printlevela$ lightclsd Inplevel=2 numztotalall
marepeats=) end

40.2839 5 0.3004 4 0.3085 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4 0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4.0.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.2290

402839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
40.2839 5 03004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
40.2839 5 0.3004 4 0.3086 6 0.5029 4 0.5037 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290

30.283% 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

30.2839 303004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470 ’

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502 .
20.6934 3 0.8068 500 2.6408 3 2.6470

30.283930.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30283930.30043030!630.502930.501730.5576306502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
2069343080683002.6‘08326470

power=39.38 bum=x243.5 down=40 end
power=135.48 bum=243.5 down=64 bfrac=0.3793 end
power=32.27 bumn=156.0 down=39 bfracal.0 end
power=29.78 bum=156.0 down=3631 bfrac=0.3793 end
0119cr52mn 029
fe 11 c00.066 ni 8.7
zr 1950606330322

* the above light elements converted 10 kg per mtuo2



Attachment I: B00000000-01717-0200-00140 REV 00

rob9g16less100.input
=sas2h  parmsskipshipdata
H.B. Robinson N-9B-S 16.02 GW&MTU, 1 cm, July 97

mixtures of fuel-pin-unitcell

group  Iatticecell

Y I

uo2 | dens9 944 1 822
92234 0.023 92235 2.561 92236 0.013 92238 97.403 end
kr-83 10120822 end
ksr-85 10120822 end
y-29 101.20822 end
$r-90 101.20822 end
2093 10120822 end
2094 101.20822 end
2095 10 1.20 822 end
nb-94 101-20822 end
mo-95 1 01.20822 end
<99 101-20822 end
ru-101 1 0120822 end
ru-106 1 0 1.20 822 end
rh-103 10 1.20 822 end
rh-105 1 0 1.20 822 end
pd-105101-20 822 end
pd-108 10120 822 end
2g-109101.20822 end
sb-124 1 0 1-20 822 end
xe-131 10 1.20822 end
xe-132101.20822 end -
xe-135 1 0 1.20 822 end
xe-136101.20822 end
c3-134 10 120822 end
¢s-135 3 01.20 822 end
cs-137101.20822 end
ba-136 10 1-20 822 end
12-139 1 0 1.20 822 end
pr-141101.20 822 end
pr-143101.20 822 end
ce-144 1 0 1.20 822 end
nd-143 10 1.20822 end
. nd-145 10120822 end
nd-147101-20822 end
pm-147 1 0 120 822 end
pm-148 ] C 1-20 822 end
sm-147 10 1.20 822 end
sm-149 1 0 1-20 822 end
sm-150 1 0 1.20 822 end
sm-151101.20 822 end
sm-152 1 01.20822 end
cu-153101-20822 end
eu-154 10 1.20 822 end
eu-155101.20 822 end
§d-155 10 1.20 822 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.182 1.0595 end

h20 3 den=0.7544 1 559 end :
arbm-bormod 0.7544 | 1 00 5000 100 3 652.5¢-6 559 end

n 4055359 end
33304 5 1 559 end

© 60004497559 end
ra 600.00165 859 end

al 600.00058 559 end
si 600.01799 559 end
k 600.0001]1 559 ead
b-10 6093954 555 ead
b-11 603.363-3 559 end

. ﬁ!mbam(m)hmodema

‘fuel-pin-cell geometry:
squarepicch 1.430.9294131.071920.94840 end

assembly and cycle parameters

npin/assm=204 fuelngtha726.63 ncycles=4 alib/cycs3
printlevele$ lightel=d inplevels2 rumztotale]1
mmpan-o end

4.0.2839 5 0.3004 4 03035 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8063 500 2.2238 3 22290
4 0.2839 5 0.3004 £ 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 22200
4 0.2839 5 0.3004 4 0.3036 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 50022238 3 2.2290

4 0.2339 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 22238 3 2.2290
40.2839 5 0.3004 4 0.3036 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.3068 500 2.2238 3 2.2290
4025839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
2069343080685&2.223!32.2290

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3036 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
302839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.8502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

power=18.39 bum=243.5 down=40 end
powers17.76 bum=243.5 downet4 birace0.3793 end
power=17.25 bum=156.0 down=39 bfrac=1.0 end
powers16.84 bum=156.0 down=3936 bfrac=0.3793 end
o119cr5.2mn0.29
fe11c00.0660i 8.7
.z 195nb 0.63sn 3.2

* menbovch;htelcmemcmvemdwk;pamm
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Attachment I: B00000000-01717-0200-00140 REV 00

rob9g32less100.input

=sash ‘parm=skipshipdata
H.B. Robinson N-9C-D 31.66 GWdMTU, 226cmluly97

mixtures of fuel-pin-unitcell
44group  Iatticecell

vo2 den=9 944 1 822
92234 0.023 92235 2.561 92236 0.013 52238 97.403 end
kr-83 101-20822 end
kr-85 101-20822 end
y-89 101-20822 end
5190 10120822 end
2193 101.20822 end
94 101.20822 end
2r-95 101.20822 end
nb94 10[-20822 end
mo-95 10120822 end
1c-99 101-20822 end
ru-101 1 01-20 822 end
ru-106 1 0 1.20 822 end
th-103 10 1-20822 end
rh-105 1 0 1.20 822 end
pd-105 1 0 1-20 822 end
pd-108 10 1.20 822 end
2g-103 10 1.20 822 end
‘sb-124 10 1-20 822 end
x¢-131101.20822 end
x¢-132101.20 322 end .
x¢-135101-20 822 end
x¢-136 10 §-20 822 end
cs-134 10 1-20 822 end
c3-135101-20822 end
¢s-137 1 0120822 end
bs-136101-20 822 end
12-139 10 1-20 822 end
pr-141101-20822 end
pr-143 10 1-20 822 end
ce-144 1 01-20822 end
nd-143 10 1.20 822 end
nd-145 10 1.20 822 end
nd-147101.20822 end -
pm-147 10 1.20 822 end
pm-148 10 1-20822 end
sm-147 10 1.20 822 end
sm-149 10 1.20 822 end
sm-150 10 1.20 822 end
sm-151 10120822 end
sm-152101.20 822 end
eu-153101.20 822 end
cu-154 1 0 1.20 822 end
cu-155101-20822 end
gd-155101-20822 end

arbm-zircd 6:56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.182 1.0 595 end
h203 den=0.7135 1 579 end
arbm-bormod 0.7135 1 1 0 0 S000 100 3 652.5¢-6 579 end

n 4055579 end

55304 51576 end

o 600.04457579 end
na 600.00165579 end

al 600.00058 579 end
si 600.01799 579 end
k 600.00011 579 end
b-10 609.5954 579 end

. b11 603.863-3579 end

* 653 ppm boron (wt) in moderator

'..’-.--.....-.-....'-...

end comp

.
ceescccca ssccccsecscncasanas

squarepicch 1430929413I.07I92094840 end

tevewecsowssnccsenssancse -

« o ¢ @ » @

assembly and cycle parameters

npin/assm=204 fuclngth=726.63 ncycles=4 alib/cycsd
printicvela$ lightelad inplevels2 numztotal=1l
mmpws-o ead

40.2839 5 0.3004 4 0303660.502940_50!75 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290 .
402839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290

4 0.2839 50.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 5002.2238 3 2.2290

40.2839 50.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
4.0.2839 5 0.3004 4 0.3036 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 500 2.2238 3 2.2290
402839 5 0.3004 4 0.3086 6 0.5029 4 0.5087 5 0.5576 3 0.6502
20.6934 3 0.8068 5002.2238 3 2.2290

30.2839 303004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 3 0.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470

30.283930.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.8068 500 2.6408 3 2.6470
30.2839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.3068 500 2.6408 3 2.6470
302839 30.3004 3 0.3086 3 0.5029 3 0.5087 3 0.5576 3 0.6502
20.6934 3 0.3068 500 2.6408 3 2.6470

power=19.38 bum=243.5 down=40 end
powers3S5.48 bumn=243.5 down=64 birac0.3793 end
power=32.27 bum=156.0 down=39 bfrac=1.0 end
power=29,78 burn=156.0 down=3631 bfrac=0.3793 end
oll9cr52mn0.29 ’
fe 11 co 0.066 ni 8.7 N
2r 19505 0.633n 3.2
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Attachment II: B00000000-01717-0200-00140 REV 00

rob9g16.sum

D 0000 e e000000P0000000000000000000000000000000000000000000000080000000000000090

SCALES.) Bullstin Board

—eswssse seveweses eeces

Welcome to SCALY-4.).

L]
'.00.0..'.'.".’.‘.0...'.'..‘..0."...‘0'l...".....l.l'..l"..000...'0.0.0.'.
prisary module sccess and input Tecord ( scale driver - 95/03/29 - 0910€:37 )

« module nu!h will be ¢ llod
N.3. Robinson N-98-§ xc.ez OMA/NTU, 11 em, July 97

°  mixtures of fuel-pin-unitcell

.
.
.
44gToup latticecell

den=).944 1 932

92234 0.02) 93233 2.8561 %2236 0.01) 92238 97.403 end
1-20 922
1-20 922
1-30 922
1-30 932
1-30 322
1-30 922
1-20 922
1-20 922
130 922
1-20 922
1-20 9222
1-20 922
1-20 922
1-30 922
1-20 922
31-20 922
3-20 922
1+30 922
1-30 922
1-20 931
1-20 522
1-20 922
1-20 322
1-20 922
1-20 922
1-20 922
1-20 922
1-20 922
120
1-20 9222
1-20 922
1-20 922
3-30 922
1-30 922
1-20 %22
120 922
1-30 922
1-20 322
1-20 %22
1-20 922
1-20 922
1-20 922
1-20 922
1-20 922

arpm-zired §.36 3 0 0 O 3036 0.12 ﬁlbbb ©.10 26000 0.20 30000 1.40
40000 98.18 2 1.0 593

hZo 3 dens0.,7544 1 559 end
lrh--borind 0.754¢ 31 2 0 O 5000 180 3 632.5¢-6 559 end

iliiiiEiiiiiiiiiiiiiiiii%iiiﬂii&iiiiiiiiiil

SO0 08 00 1 0 08 00 88 8 0 B S 000 B0 DD B D et 0t 00 D 00 D 5 8 b 8 (o0 Bt 8 B e Ot 08 B P B4
oooooaoonaoaooocooneooeooeoooooooooccoooeooo

. n 40 5-5 339 ond
98304 S 1 359 end
° € 0 0.04497 559 end
na 6 0 0.00165 339 end
sl € 0 0.00058 353 end
sl €0 0.01799 339 end
€ 0 0.00011 859 end
b-10 6 0 9.395-4 359 end
D-11 6 C 3.863-3 339 end
. $3) ppm boron (wt) in moderator :
ond cowp

‘e e e e s eesac e c s rr s r e e

‘fuel-pin-cell geometry:
squarepitch 1.43 0,929¢4 1 3 1.0719 2 0.9408 0 end

LI R R A R R X s

assesbly and cycle parameters

.foin/asema20d fualngtha726.43 ncyclessd nlid/cyce)
printlevelsy 1lightels? irplevels2 nuaztotalell
=xrepeatsed end

4. 0.2819 5 0.3004 & 0.3086 € 0.2029 & 0.3087 $ 0.5576 3 9.‘502
2 0.691¢ 3 0.8068 500 23,2238 3 2.2

; 0.3019 $ 0.3004 ¢ 0.3086 § 0, 502! l 0.5087 $ 0.3576 ) 0.6502
4

0.6334 3 0.8068 300 2.3338 3 2
0.2839 3 0.3004 & 0.3036 ¢ O, 501! 4 0.3087 $ 0.9576 3 0.6502
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Attachment II: B00000000-01717-0200-00140 REV 00

1

am

0.8061 300 2,223

3 2.33%0

2 3
4 0.2039 8 00,3004 & 0.,3006 € 0.5029 4 0.5087 3 0.337¢ 3 0.6302
2 0.6938 3 0.8068 300 2.2238 ) 2.23%0
4 0.2039 S 0.3004 & 0.3086 6 0.5029 4 £.3087 3 0.5376 ) 0.6302
2 0.6934 3 0.3068 3500 2.2230 ) 2.239¢
4 0.2039 3 0,3004 & 0.308€ 6 0.3029 4 0.3087 5 0.537¢ 3 0.6302
2 0.693¢ 3 0.0060 300 2.2238 3 2.2390
3 0.2839 3 0.3004 3 0.3086 3 0.3029 3 0.5087 3 0.357¢ 3 0.6%502
2 0.6934 3 0.0069 500 32,6408 3 2.6470
3 0.2839 3 0.3004 3 0.3006 ) 0.5029 J 0.5087 J 0.3576 3 0.6502
2 0.6934 ) 0.8080 500 2.6408 3 2.6470
3 0.2639 3 0.3004 3 0.3084 3 06,3029 3 0.3087 3 0.33% 3 0.6%02
2 0.633¢ 3 0.8068 300 2.8408 3 2.4470
3 0.28)3 ) 0.3004 3 0.3086 3 ©.3029 3 0.3007 3 0.3326 ) 0.6302
2 0.6334 3 0.8060 300 2.6408 3 2.4470
3 0.2039 ) 0.3004 3 ©.3086 3 0.5029 3 0.5087 3 2.5576 ) 0.6302
2 0.6934 3 00,0068 300 2.6400 3 2.6470
3 0.283% 3 00,3004 3 0.30806 3 0.5029 3 0.5087 3 0.3526 3 0.6302
3 0.6914 ) £.8068 300 2.6408 3 2.6470
powers13.39 burnsidl.§3 downsdl end N
powerel?.76 burn=241.3 downsél Dfrace0.)79) ond
poversl7.23 burne=135£.0 downs)3 Dfracsl.0 and
poverel6.8¢ burne=156.0 downe)33§ Dbiracs0.379) end
o 119 er 5.2 mn 0.29 .
fe 11 co 0.06¢ ni 8.7
s 193 ab 0.63 sn 3.2
' the adove light elements converted to kg per mtuol
BSssesESsss ssssassss [IITEIIITT ] 32222222222 3 b
FITIYTTYTIVYY sssassess 2223222222222 A P
as as 8 s 22 32 hh An
(Y] as o 22 hn ah
(11 as e 22 W 13 Y
238305853088 BBASASAARNNAY  BASESESSSNSE 22 RARAAARRARARR
FITYTTYTYITTT B Y as as 32 hhhhhhhhhhhhh
ss as [ 1] 22 hh hh
s as sa 22 ., hh
ss a8 as aa 22 an hh
SSESS50885085 AR as 2232222222222 M Bh
susssssessa [ 1] as 3332222223222 W Bh
nn nn L54184811344 ceeceeeeceee hh hh 00000300000
ann an  f41414848444 ceeececccecee hh &h 0000000000000
nnn nn EEY ec ee A W oo [
nn an i ce hh hh o0 oa
an AN an {1 ce hh hh o0 (]
nn nn nn il [ hhhhhhhhhhhbh 00 oo
m M an i1 cec AARARARRMARRN 00 o0
nn nn nn 11 [ &h A oo (]
nn nn an i1 [ hh Rh oo o0
nn nnnn 11 [ ec hh hh o0 ©0
nn nnn 444484440141 cecececeeecee hh Rh 0000000000000
nn nn 1388448444148 ceececceece hh hh 00000000000
0000000 1 0000000 883281888
000000000 ’” [} 00
00 00 1 00 00
oo 00 77 60 (1]
00 00 17 oo (-1}
00 0o tl [-]-J o0
o0 00 1 00 °0
(-1 00 1” -1 00
00 oo " 00 00
00 [-1] 1" 00 00
000000030 17 000000000
0000000 17 0000000
1 NN 22222222222
i TN 2223222222222
1111 17 ER 3] 22 22
11 77 L XX 22
31 11 (311 22
b3) ” 22
11 17 22
1n ki T az
11 71 t11 a2
31 77 T 2
113311111 77 3222222232223
11311111 k) 2222222223222
ssasssaasaa
a8 ss° cc [ as
a8 ce . aa
s cc (1] as
ssassssssess [ asassssassass
BE8380008888  eC sasssssassssa
s  c¢c sa a
s cc as [
[ 1] s cc € a8 =a
] as aa
e sa

program verification information

1131111111111
111nan

1
4

11
111111111111
1111111131121

000000000000000000000000000000000000000000000000
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999999999938
9999339999999
9 9

b
” b3

”» bed
9399999999999
!’))’!"”’:

b4
L 44
9
9993993959999
999999993938
5355535583383
$55553355383S
ss
33

33
555533593533
5355555335533

33
33
38 33
5553553838833
53533353538

Se0qu et
secseceesd
L.
L

o
seeetReTERede
80t eeeeasete

$0000000000000800000000000000000000008000000000000000¢

7711T1INNIMM
TIY

”

171717

2000000
000000000

0
000000000
0000000

?



Attachment IT: B00000000-01717-0200-00140 REV 00

=0 93
te 99

)

inicial
1.192+03
3.458+03

inicisl
2.038+02
2.26%+04
1,198.02
3.58208
8.018+03

date of swecution: 08/08/97
time of execution: 17:24:30
.
.
. GRG0 00000000000820000300000800R000000000000000¢00000003000000000080000000
- sensodedneen
PUPICCPOIPPCIOIVPIOPRRIO0RR0400000000000000 L]
nuclide concentrations, grams
basis =single resctor sssembly
3e-10 4
1.192.08
J,43808
muclide concentrations, grams
basis =single reactor assembly
13-18 ¢
2.033402
2,368404"
1.138402
5.508+08
3.01300%
basis »
inftial 20,3 ¢ 40.6 a4 0.9 8
initisl 30.3 4 40.6 4 §0.9 4

iniciel
1.198.08

initial
§.94%+00
6.63z-08

initial
3.432+08

inicial
1.01e-01

3.672.0%

{nitial
2.308+02
3.592.02

initisl
3.318402
2.118402
3.408001

in{tial

4.008002

1.012-02

inigiel
1.458+0¢

6s6.04 1312.0¢
1.398408  1.19240%

§36.0 4 1313.0
8.14%.00 9.138000
6.732-06 6.728-06

€56.04 1312.08
3.452405  J.432.08

€36.04 1312.0d
1.122-01 1.212-03
1.538.02 1.532+02
1.118404 1.11B+04
2.138¢0) 2.13803
0.478.03 $.472+0%
2.472402 3.478402
€.812-08 4.432-0%
2.938+01  2.922+03
2.932.01 2,922.01
4.03240) 4.0)3403
1.162+0) 1.162403
4.858002 4.432.402
1.072402 1.07Re02
€.33%+01 1.,03R¢02
3.262-01 ).24z-0)
1.008+01 1.08Re03
8.678+05 B.67K¢0S

§36.04 1312.0 4
J.433402 J.421402
J3.612+02 J.618+02

€36.08 112,08
3.312.02 3.312402
2.328+02 2.323402
J.402+01 3.402401

656.0 8 1313.04
4.11R+03 4¢.118402
3.118002 J.11R402
0.122401 1.078402
2.082400 2.088+00
1.162002 1.163002
8.378400 8.263+00
1.342-01 3.493-01
€.242+01 £.242+01
3.943+01 3.942+01
4.342-01 7.3%2-01

€36.04 1312.0¢
1.458404  1.438404

thic is not o

cods SYStem; scale versiom:

program: sasl

creation date: ©£3707/97

library: /opt/neut/$caled.3/bin

jobname: nichel

scale contiguration controlled code

nuclide concentrations, vn-
basis =single reactor assesbly
nn.o d 2624.0 4 23280.0 48 uu 04
2.192+08 1.192408 1.19Z¢05 1.3192+08
mua concentrations, n-nu
basiz waingle zeactor as
196s8.0 4 3(2‘ 04 3280.0 d J,JC 0d
8.152+00 0.31352¢00 B.13E+00 §.23%00
€,728-06 €.723-06 €.728-06 €.732-06
melld- concentrations, cu-
basis ssingle znctor 388
l"l.o d 262¢.04 3230.04d !91‘ 04
3.438e08 J.458+08 3.453403 3.4358403%
nuclide concentrations, grams
basis esingle resctor assembl
1960.0 @ 2€34.0 4 3200.04 333680 4
1.292-01 1.38x-03 1.472-03 1.36%-03
1.548+02 1.548602 12.55Ee02 31.532402
1.112408 1.11R604 1.11Re04 1.11Re04

2.1)2003 2,132.0) 2.132+0) 2.13B+0)
3.478+08 8 8.478+0%
1.40%.02 1 1.49%.02
2.892-0% 1 7.96x-06
3.832+01 2 2.76%e01
3.088+01 2 2.768+01
4.03%0) 4.022+0)
1.1680) 1.16%40)
4.08%+02 3.14Re03
1.092402 1.07R+02
1.40%402 1.7IR+02 2.04%<02 2.323+02
3.212-01 3.183-01 3.132-01 3.322-01
3.002401 1,00%+01 1.083+01 1.082401
3.672403 B.672403 £.673+03 85.67B403

element concentrations, grems

nuclide concentzations, grams

bagis esingle resctor sssemdly
1968.0 4 2624.04 3200.048 1936.048
3.438+02 3.422<02 3.42ReD7 ).42BeD2
3.618+02 3.612402 3.613402 ).61me02

uucudc concentrations, grams

wgingle resctor assesbl x

l!‘l.o d 2624.0 4 3230.04 3936.0
3.318402 3.318+02 3.312e02 3. szoaz
2.322+02 2.328+02 3.328402 2.32R+02
3.408+01 3.40%401 3.402+01 3.40E+0)

miclide concentrations, grams

basis ssingle reactor assesdl
1963.0 4 262¢4.0 4 J280.0 4 3936.0 &
4.118002 4.11B+02 ¢.11B02 4.11R.02
3.132+02 3.11R+02 3.112402 3.11K+02
1.228+02 1.328¢02 1.J82402 1.422.02
2.002+00 2.082400 2.008.00 2.08%.00
1.162+02 1.262402 31.182¢02 1,.16E+02
8.158.00 B.0)R«00 7.928400 7.012+00
1.638-01 6.792-01 S.83%-01 §.942-01
6.243+01 6.348+01 €.242+01 €.342.01
J.94E+01 3.942+01 3.943+01 3,942401
9.748-01  1.160+00 1.302+00 1.402400

noclide concentrations, grams

basis esingle reactor sssembly
1968.0 4 262¢4.04 3200.0 4 3936.0 ¢
1.458604 2.452+08 1.45Be04 31.435340¢4
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rob9g23.sum

gocuouoo"no-..oo'oooo-onoc00ooooaoooolnoo000"00000oo"cot-n'o'cooo'ooocooooooo
.

1 primary
- module nu:h

X.B. Nobinson N-33-N 23.01 owd/MTU, 2§ cw, July 37

dgroup

DY N

Attachment IT: }300000000-01717-0200-00140 REV 00

BCALX4.3 Bulletin Bosrd

cvvesnes sesccese oooss

Welcome to SCALE-4.3.

will be called

wixtures of fuel-pin-unitcell

latticecell .

w2 ) daned.Bil ]

922
92234 0.023 921!5 2,361 92236 0,03) 93238 97.40) end

m-131
sm-1%52
*u-13)
*u-15%4

eu-133%

g4a-133
H

arbm-zircd

»
L]
'
-
-
P
00 0t 68 5t 1 Bt Bt B8 B 00 58 50 00 B8 D0 bb it [ $ub Db Bk Dd Db s (8 0 04 B8 50 08 DD B Bt DD Bt i 00 b Pt B8 b Bl b
000000000000 00000000000000000000000A000000000
-
"
[
o

end
sxbm-bormod ©0.7338 1 1 0 0 5000 100 ) €32.%¢-£ 359 wnd
.

n a0
58304 $ 1
[ 60
na 690
al 60
[ 19 $D0
x [ ]
b-10 60
b1l §0
. [ 31
and comp

1-30
120
1-20
1-30
1-20
1-20

1-20
§.56

iiiliiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiil!

922 end
922 end
ol

932 end

S 000 0018 0.12 2‘000 0.10 28000 0,20 30000 1.40

40000 98.18 2 1.0 393
hio 3 den=0.7538 1 359

3-3 339 end
559 end
0.04437 359

3.943-
3 pom boron (wt

LERIEEES

) 359

in moderator

*‘fuelepin-cell geometry:

squarepitch 1.4) 0.92%4 13 1.0719 2 0.9488 0 end

.
.
.
.
.

mxrepeatse
.

4 0.383% 5 0.3004 & 0.3006 § 0.5029 4 0.5087 S 0.3576 3 0.63502
1 !i!;,‘ 0.3087 S 0.5576 3 0.6302
2839 5 0.300¢ ¢ 0.3086 6 0.3029 4 0.%5087 5 0. !S" 3 0.6%02

2 0.6934 ) 0.8068 300 2.3238
2819 $ 0.3004 ¢ 0.3006 &
334 ) 0.8068 800 2.2138

40,
20.
40,

- e oo oo esesoeaes

sssesbly and cycle parameters

npin/assme204 fuelngths726.63 ncyclessd nlibscyce)
printlevelsl lightels? inplevels2 numztotalsll

0 end

HOU
ll -

000G 0E000000000000000000000000000080000000080000000000000000000000000000009

®odule sccesa and Input record { scale driver - 95/03/29 - n;u:n 1

.

- o oa

Page 114 of 22



Attachment IT: B00000000-01717-0200-00140 REV 00

1

e

2 0.6934 3 0.8063 300 2.2238 3 2.2190
3
¢ 0.2039 3 00,3004 4 0.3086 € 0.5029 4 ©.5017 3 0,357 ) 0.6302
32 0.6934 ) 0.0068 500 2,229 3 2.2290
4 0.28)9 S 0.3004 4 0,3086 6 0.3029 4 0.5087 S 0.93576 3 0.6302
2 0.693¢4 ) 0,.8068 300 2.2238 3 2.229
€ 0.3839 5 0.3004 4 0.3086 € 0.5029 4 0.8087 S 0.887¢ 3 0.6302
2 0.693¢ 3 0.0068 500 2.2238 ) 2.2290
3 0.38)9 3 0.3004 3 0.308¢ ) 0.30 :’ : 0.3087 3 0,937 3 0.43022
2 0.6934 3 0.0068 500 2.6408 3 2.6
3 0.2839 3 0.3004 3 0.308¢ 3 0.5019 3 0.3087 3 0.5376 3 0.6302
2 0.6934 3 0.0068 300 2.640 2.6470
3 0.2839 3 0.3004 3 0.J086 3 0.3029 3 0.35087 3 0.537¢ ) 0.63532
2 0.6%34 3 0.8068 500 2.6408 3 2.6470
3 0.2839 3 0.3004 3 ©.3006 3 0.3029 3 0.5087 ) 0.3376 3 0.6302
3 0.6934 3 0.8083 500 2.6400 1 2. 6410
3 0.3039 3 0.3004 3 0.3035 3 ©.3029 3 0.5087 ) 0.5376 ) 0.6302
2 0,634 ) 0.8068 300 2.8403 ) 3 470
30,2039 ) 0.3004 3 0.3006 3 0.5029 3 0.3087 3 0.5876 3 ©0.6302
2 0.633¢ ) 0.9063 300 2.6408 3 2.6470
powers28.41 burne2$).8 downsé0 end
powers36.33 burne24].5 downe=6l Dblracel. !1’! and
power=24.39 burns136.0 downs)® blracsl.0 end
powere23.79 burnel$€.0 downe3936 DblreceD.)793 end
o 119 ¢r 5.2 mn 0.29
fe 11 co 0.065 ni 0.7
zr 395 ad 0.63 sn J.2
*  thbe above light elements comverted to kg per mtuod
SSESeEsEass ansssssas SS18RESESES 22222222222 1Y hh
[IITITETITTTT ] aassssnsssa sssssvss 2222222222222 kb hh
' ss sa as 88 ss 32 22 hh
(14 [ ] s 22 ah
s as 8 32 A
[TV TTETTYITTTT 22 ARRARRRRRRRRY
SESSRSSAEESS -uuuuuu S3s88538s888 22 RhRAKKRARARRR
] aa 3 h X
s  =s u 22 bh N
e s ma s 2 hh b3 3
550850053865 B [ sssssess 3332233332222 hh Ah
55308338838 (13 s ssunssssass 3223332232223 hh hx
nn nn 12444118441 ecececeeece Ah hh #0000000000
non o 134444444441 cecceeeceeeeee  hn Ah 0000000000000
noem nn 1 ec ecc hh A oo [
nn an nmn S ec [ hh oo oo
nn an mn ) ecc hh Rh oo oo
»m nn m 114 cec BARRRRRRRRRRR 00 [
an m ™ i1 cc hhhhRhRhhhhhh o0 [ 1]
nn o nn 114 (13 hh A o0 [
nn mm i 13 hh b °0
nn nnon 11 ce ¢ hh hh o0 [ 3
mn nn 114445414141 ecccccececeee  bh hh  ©000000000000
an wn 1488484104448 ececcceceet hh hh 00000000000
0000000 1/ 0000000
000000000 1 000000000
00 00 7" 00 00
090 00 " 00 00
00 00 1 [{4 00
00 0o " 0o 00
00 oo 17 80 00
00 00 17 00 00
00 00 17 00 oo
00 00 1" ot @0
000000000 11 000000000
*0000000 "
11 7717171737717 $533333553355 77111119 1IN
13 2) I7TITNITIN? $5553535353835 T1IMITINIIMNT
1111 kal 77 13 33 ” 7
11 ” s22 ss 7
11 17 111 $s 17
11 ” 355555533338 7
1 7 3555393555333 L
11 77 (11 53 177
11 17 1t 55 7
13 n 138 33 * 83 7
11111111 77 3555535335388 17
11111111 7 55355935353 kil
ssassssenes cece
25998888 [ a
s cc ce B .
ee a8 [ 1]
ece aa os
susssssesees 3 2358388888880
558853385888  CC Aasssasasssss
ss ecc as '
s ¢ aa [
s s cc cc a2 [ 1]
. as as
as as

1111111111111
i

17

1111111111111
1annuan
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995993993999
9999993939993
” ”

9 ”
9999999999999
!’!!9!!!’!;;

”
239999539939
999999999339

“
444848484444
ll“l!ll(‘:ll
4

4
L 1]

progran verificstion information

7717171717177177
717171111
17 7

CEEEEEEECEEE
::“CC“‘CC(C

L1

11
({11 {{ 1]
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(13 [ 1]
(1] 1]



Attachment I1: B00000000-01717-0200-00140 REV 00

code

LT

totsl

u2ié
u2ls
u2lé
ulls
total

o 16

no 93
te 9%

totals

ulll
uile
wlls

amlé)
totals
L

° 16

tc 3% |

total

12-18 4
1.19K+0%
J.432403%

inicial
1.198+0%
3.458008

inicial
2.038.02
2.268+08
1.1352402
§.582+0%
3.312:0%

i2-18 4
2.0JK.02
2.262+04
1.158402
8.358K08
3.81%¢03

initial

inftisl
charge 20.3 &
7.43T603  7,42%403
03¢
20.3¢
20.34d
4.978-0%
3.87R-22
20.3 4

200 ¢
1.028+04

charge
charge

charge
.00E.00
.00R+00

charge
charge
1.022+04
charge
00%+00
8.662-01
9.60K+01
¢.852-01
J.61203
.00K+00
.00B+00
+00Re00
.008e00
.00K«00
.00R«0D
00RO
00800

charge
00200
003400
,002.00
3.708+03

20.3 ¢
3.31e-07
8.3352-01
9.338+01
1.002.00
J.60R+0)
7.672-0)
2.412-10
4.032-03%
4.032-0%
1.512+00
2.492-02
1.042-03
$.763-08

0.4
§.602-07
1.228-09

161

initial

1.192+05 1.192.03

initial
1.04802
2.27%-03

636.0 @
1.312001
2.31x-03

initial
3.458408

§36.0 4
3.498+08

iniciel
1.198-03
1.322+02
T7.662+03
2.668+0)
0.428.08
3.J9%+02
2.712-04
6.43%01
$.452.01
4.342+03
1.738+03
9.628+02

65¢.0 &
1.343-0)
1.338+02
7.642+0)
2.6630)
8.42%800%
2.448402
1.772-04
7.072.81
7.07E01
4.40E0)
. 31.738403
7.908002

program:
creation dats:

1ibrary:

this &s mot &
Jobnane:
date of execution:

time of axecution:

system; scale wversion:

sas2
03707197
Iop!lmtllcll.“ 3/®in

nichol
08/08/97
37:57:87

4.3

scale coatiguration controlled code

000000000000000000000000000000000000000000080000000000000000000000¢

nuclide concentrations, prams

3ingle Teactor sssembly

muclide concentrations, grams
basis ssingle reactor assembly

basis =
basis o
0.3 ¢
20.)
basis »
40.8 ¢ 0.9 d
7.422403  7.42Re03
. Dasis o
40.6 ¢ 0.9 ¢
basis o
40.6 ¢ 60.9 &
basis =
40.6 & €0.9d
3.442-04 1.01R-03
4.072-11  1.31B-10
basis «
.6 d é0.94d
basls e
40.6 4 0.9
1.028.04 1.02R404
bagis =
0.6 4 L

§.451-07
8.442-01
9.043.01
1.512.00
3.608+0)
2.192-02
1,512-09
2.942-04
2.942-04
3.198400
1.03z2-01
$.791-03
1.012-04

5.012-04
basis »
§0.94
$.6)x-038
2.308-07
€.078-06
3.702+03
decay dats, including geams and total energy, 8re f{rom endf/b-vi

40.6 ¢
1.132-08

3.70R+03

40.6 & 0.9 &
0.6 & 6t.9 4
llnqlu Teactor sssesbly
1.3 4 81.2 a8
7.42lo°1 7.428+0)
single reactor assesbly
single reactor sssesbly
ﬂmlo xuetor assenbly
1.2 1.2 6
2. 09!-0) 2.092-0)
J.712-10 3,712-20
single Teactor assesbly
$1.2¢ 1.2
single reactor assembly
1.2 4 s1.24
1.028404 1.022+04
single reactor assemdly
1.24
1.233-0¢
5.232-01

3.502-03
single r.-etor asseadly
.24 n.2ae
1.6%2-04 1.69K-04
1.102-06 1.10%-06
2.452-03 2.4%2-08
3.692403 3.89%+0)

total mumber of nuclides in library

mclide concentrations, grams
basis =single Teactor assesdly

656.04 1312.0¢ 1960.04 262¢4.08 J200.0 4 }! 36,
1. 1.198405  1.192408

19805 1.198+08

1.19808

pucllde concentrations, grams
Dbasis wgingle resctor sssesbly

112,04
1.233+01
2.312-08

-u'.ltdo concentrstions, grems

1312.0 &8
3.458+08

ssingle reactor assembly

muiclide concentrations, grams
basis *single reactor assembly
262¢.0 4 3280.0 & J;J:.o a

1312.0 d
1.492-0)
1.342.02
7.64203
2.66R03
8.42808
2.448+02
1.158-04
T.018.0%
7.018+01
4.408+03
1.738+0)
7.232402

1%63.0 ¢

1.338482
7.642+0)

.
6.638+02

1.702-0)
1.363402
7.642+0)
2.662+0)
4.428+08
2.462002
4.892-08

1.938-0)
1.3718402
27.64240)
3.662+03
8.423+08
2.46€R002
3.108-08
€.720+01
€.72201
4.408+03
1.738+03

€.098402 5.392402

0od

1968.0 8 2624.0 4 3280.0 & J!)‘.O d
1.23Be01 1.232+01 1.232401 1.23R401
2.312-0% 3.312-03 2.312-03 2.312-0S

basis
1%40.0 8 2624.0 4 2280.0 4 J’J‘ 0d
3432403 3.4SE403  3.45%2405 3.438.08

1.6
2.66E+03
8.428+03
2.47R+02
2.078-08
£.620:01
€.628+01
4.40R+03
1.738+03
5.122402
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2.82%+02
3.008401
5.312-01
4.31%.01
§.608+08

inicial
4.108+02
5.178.02

inicinl
4.91%.02
3.048002
3.918-01

inicial

€.912.01

initial
3.332-02
2.34204

2.82%.02
1.018+02
3.463-01
4.338.01
3.608+08

€36.0 4
4.882.02
3.193.02

636.04¢

4.912.02
3.338.02
3.938+81

63¢.0 4
$.462+02
4.39%+02
1.03%002
2.502+00
1.84202
9.738+00
1.408-03
9.098.01
£.91%.01

£36.0 4
7.643-01
2.34x.04

2.828+02
1.673+02
$.412-02
4.338.02
8.608+08

112,04
4.042402
5.192+02

1312.0 4
4.918+02
J.358+02
3.938.01

1312.0 ¢
$.46%02
4.39202
1.363+02
2.502+00
1.843+02
9.602+00
2.02z-03
9.092.01
€.978001

1312.0 4
1.332+00
2.142e04

3.822+02 2.828.02
2.242+02 2.81%.02
$.363-01 3.)32-01
€.313¢01 £.332.01
0.608+03 8.608408

2.820402
3.318002
5.278-01
4.332+01
B.60ne08

2.828+02
3.76%+02
$.222-01
4,338+08
9.608+03

elamant concentrations, grame
wuclide concentrations, grams
basis =single reactor assembl
1%9680.06 4 262¢.04 3280.0 4 3’¥¢.¢ 4
4.088003 d.80%002 4.80R.02 4.883402
$.198402 S5.198+02 S.192.02 5.198402
nuclide concentrations, grams
basis ssingle resctor assebly
1963.0 & 28624.0 4 3330.0 & !’!‘.0 d
4.918+02 4.912402 4.918+03 §.91R.02
3.358402 3.352402 3.35B402 3.35B02
3.938+01 5.932:01 35.9)2+01 S$.93IBe01
muclide concentrations, !tc-
basis =gingle reactor sssemb.
1968.0 4 262¢4.0 4 3230.0 @ )!)‘.0 4
5.463002 S,

468402
4.392+02
1.888.02
3.30B400
1.0480402
9.33%.00
g.442-01
9.092+02
6.97803

S.462+02
4.392+02
1.76802
2.30E+00
1.84R402
9.21800
6.728-01
5.093.01
$.978+01

$.462002
4.39%+02
1.01%+02
2.502+00
1.84202
9.083+00
7.992-01
9.092+01
€.97801

muclide concentrations, grams

basis =single reactor luubl
1960.0 4 2626.0 4 3230.0¢ J!)l.o 4
1.77R«00 2.100.00 2.362400 2.552+00

2.142+04  2.34R004

2.14%+04

2.243+0¢
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rob9g28.sum

uO'...."..ACQ'.l'.'..‘0..0...0..0.'.l..".‘....l.‘ sseoe
. L ]
: SCALE4.3 Bulletin Board :
. *
: Welcome to SCALE-4.). :
:CIQO..... eee (212 ..000‘0.!'......'.."0.."'0:

3 primary module sccess and irput record ( scale driver - 93/03/29 - 09:06:37 )
« module sealh will be called
x.8. Robinson N-9C-3 30.47 OWdNNY, 199 cm, July 97 .

mixtures of fuel-pin-unitcell

4gToMD latticecell

“aome e

w2 3 den=9.%48 1 912 N .
92234 0.02) 92233 2.3561 9223€ 0.01) 33237 97.403 end . .

xr-83 1 0 1-20 922 end
kr=8S 1 0 120 922 end
y-89 10 3-20 922 end .
sr-%0 1 0 1-20 932 end
zr-93 1 0 3-20 922 end
zr-34 1 0 1-20 322 end
sr-93 1 0 1.20 922 end

94 10 1-20 922 end
no-93 10 1-20 922 end .
te-9% 1 0 1-20 922 end
ru-10] 1 0 1-320 922 end
Tu-106 1 0 120 332 end
rh-103 1 0 1-20 932 end .
rh-305 1 0 1-20 922 end
pd-30% 1 0 1+20 932 end . .
pd-108 1 0 1-30 922 end
8g-109 1 © 1-20 922 end
sb-124 1 0 3-30 922 end
xe-331 3 0 1-20 922 end
x8-132 3 0 1-20 922 end
xe-135 13 0 1-20 922 end
xe=136 1 0 1-20 932 end
cs-134 1 0 1-209 ond
€9-135 1 0 1-30 922 end
es-137 1 0 3-20 922 end
Da-136 1 € 3-20 922 end
124139 1 0 1-30 922 end
pr-161 1 0 1-20 322 end
pr-143 1 0 1-30 922 “and
ce=144 1 0 1-30 922 end
nd-143 1 0 1-30 922 and
nd-145 1 0 1-30 322 end
nd-147 1 0 1-20 922 end
pm-147 1 0 1-20 922 end
pm-148 1 0 1-20 932 end
sm-147 1 O 120 922 end
sm-149 1 0 1-20 932 et
am-150 1 0 1-20 922 aond
s»-151 1 0 1-20 922 end
sm-132 1 0 1-30 922 end
*u-133 1 0 1-20 922 end
au-134 1 0 1-30 922 end
eu-133 1 0 1-30 & ond
948-15% 1 0 1-20 922 end
artm-zircd §.56 3 0 0 0 8016 O. u 24000 ©.10 26000 0.20 50000 1.40

40000 99,13 2 1.0 393  end

h2o ) den=0.7208 1 576 end
ltl--bol‘od 0.7208 31 1 0 0 $000 100 3 632.3¢-6 376 wnd

n 4 05-35 576 end .

28304 5 1 3576 end

] 6 0 D.04497 57¢ end

ne 6 0 D.0016S 376 end

a3 6 0 0,00058 S76 end

(23 60 0.,01799 376 wend

x 4 0 0.00011 376 end

b-10 & 0 9.393-4 576 end

b-11 6 0 3.063-3 576 end

: €53 ppm boron (vt) in moderator
and comp .

LA A A S A N IR RN R R R

‘fuel-pin-cell gecmetry:
squarepiteh 1.4 0.9294 1 3 1.0719 2 0.9404 0 end

sssembly and cycle parsmeters

npin/assme30d fuelngthe?26.€) ncyclesed nlib/cycsl
princlevelsS 1lighteled inplevels2 mumstotalell
mxrepeits«0 end .

4 0.2039 8 0,3004 4 0,086 & 0.302% ¢ ©.3007 S 0.3576 3 0.¢302 -
2 0.693¢ 3 0.8068 300 2.2238 3 2,23%0 .

40.20)9 8 0 3004 & 0.3086 & 0.!02’ l 0.50807 S 0.5576 3 0.6302

2 0.6934 3 0.2068 300 2. 33). 32.22

4 0.2039 5 0.3004 ¢ 0.3086 6 0.9502Y ‘ 0.5087 5 0.33576 3 0.6302



Attachment IT: B00000000-01717-0200-00140 REV 00 Page I1-9 of 22

©.3004 3 0,386 3 0.3323 ) 0.5087 3 0.337¢ 3 0.6302
0.6934 3 0.3068 300 2.6400 ) 2.6470

powersl. 82 burnell).§ downedd end .
powers31.83 burne2i).3 downsi blzacel. !”) end .
powers29.18 burn=156.0 down=39 birsc«i.0 end
power=27.47 burn-l!l.e downa3€)] Dbfrec~0.379) end
o 119 cr 5.2 an 0.29
fe 11 co 0.066 ni 8.7
v 193 nb 0.6) sn 3.2

* tha above light elesents converted to kg per mtuo2

LI . R R I I I

2 0.8934 3 0.9060 300 2.2238 ) 2.2290

4 0.2839 8 0.3004 4 0.3086 & 0.3029 § 0.5087 S 0.557¢ 3 0.6302

2 0.6934 3 0.8068 300 2,3238 3 2.3290

¢ 0.2639 3 0.3004 & 0.3086 € 0.3029 4 0.3087 3 0.3376 3 0.6302

2 0.6934 ) 0.8060 500 23,3238 ) 3,3190

4 0.2839 S 0.3004 ¢ 06,3086 6 0,302 & 0.3087 3 0.5576 J 0.6302

2 0.6930 3 0.8068 $00 32,2230 3 2,2290

3 0.2039 3 £.J004 3 0.3086 3 0.5029 3 0.5087 3 0.3876 3 0.6302

2 0.6931 ) 0.0068 300 3.6408 3 3,

3 0.2039 3 0.300¢ 3 0.3086 3 0. sozs 3 0.3007 3 £.3376 ) 0.8302

2 0.6934 3 0.8068 $00 32,6408 : 2.6

3 0.2839 3 £.3004 3 0.3086 3 0.3029 3 0.5087 3 0.3576 3 0.6302

2 0.85934 3 D,B058 300 2,6403 3 2.6470

30,2839 3 06,3004 3 0.3086 3 0.3029 3 0.3087 3 0.5376 3 0,6302

2 0.6934 3 5.3068 300 3.6408 3 3.6470 R
3 0.2039 3 0.3004 3 0.3086 3 0,5029 3 0.3087 ) 0.5376¢ 3 0.6502 .
3 0.6934 ; 0.8068 $00 2.6408 3 2.6470

3

H

1 sassasasses ansassass 88303808898 32222222222 hh hh
SSISESSNIEENS ssasassasss Seassessssess 2233222223332 ha L
1] s as S8 ss 22 2 W An
a9 (V3 as s» 31 W ak
s aa [ ] 22 hh hh
SSSSEEASENES SAGGEASARNAGE  SREzssaassss 22 ARAARARhhRAhN .
38553523988 [FIITTRITTTIVY Y assesssssenn 22 ARARhhhhhhhhh
s aa s a2 hh hh
s a8 . 88 [ 23 ha hh
ss s 2 a8 S8 &8 22 ha kb
SISSESESSNNES a8 a2 ssssssssEssss 2222222322222 hh hh
assssesssss as as 3888888 2222222222222 ah
[
nn nn 448488088148 ceeccececee hh hh 90000000000 11
ann an 441484412118 ceeceecceccee hh hh  dooocosooOObOe 11
nnann L) 11 ce € M hh oo o0 11
nn m An i1 cc hh hh oo oo 11
nn nn nn i3 ce nh X oo co 11 *
nn m m i1. ce AARARRARRRMAR  ©0 o 1
nn m i ce hhhhARRRRRRRL 0 o 13
nn m o i1 (1 hh R oo oo 11
nn nnonn i1 cc hh A oo oo 1
an o 1 [ €c hh R o0 oo 11
nn rom 444444040484 cecececeececceee b hh 0000000000000 1111111111111
an o 483345444444 ceccececeeed hh hh 00000000000 1111111111131
° .
0000000 17 0600000 8880083 17 99399391999 177717371779
000000000 1 L} 11 17 9993993935399 171I1INTM
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o0 00 1 00 00 ” 1? ” ” ™
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[ 1] To00 7" 00 6 ”n 1" 9 ”
00 (L] 1" 00 oo 17 ”» 77
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800000000 1" 000000000, " 9999999999399 kil
6000000 [£4 0oc0000 17 - 999993339999 ksl
1 11 8553335555348 CE6ccEcsEcss
b33 11 5353558535838 CEEECEECE6EEE
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11 1 355533353538 CEESEEEEEEEE
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. 11111111 manm 333333335y (11111131111
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- X-2-1 4

o0

total

ulid
("33 1]

(Y311
total

o 16

»no 93
tc 3%

totals

ul3l
u2lé

totals
.

o 18

w33
tc 9

initial
1.198.08
3.453.08

initial
2.038+02
2.268404
1.18%402
8.388.08
8.812+0%

POC RN 000000000000000000000000000000000000030000000000000000000000000000000000

1g-18 ¢
1.192.0%
3.458.08

1z-10 4
2.032.02
2.26204
1.182+02
$.382408
$.01803

initisl
initisl

charg
?. CJIOO)
chazge
chatge

charge
.008«00
.00R«00

charge
charge
1.022+04
charge
.00R+00
0.662-01
9.60%.01
4.832-01
J3.612+0)
.00Z«00
00800
.00R+00
.00R«00
.00K+00
.00R+00
.00Re 00
.00Re¢00

charge
00200
+00R+00
.002+00
3.708+03

20.3 4
T7.422+0)

.34
0.3 4

20.)
€.2¢ !-6!
7.798-12

203 4
20.3 4
1.028404
30.3 8
4.112-07
3.532-01
9.272+01
1.118+00
3.608+0)
9.742-03

3.012-10
6.203-08

1.94x-03
30322-03

20.3 4
1.242-08

2.902-09 -

£.422-08
3.702+03

this s not &

code

progras:
creation date: 03/07/37
:  /opt/neut/scaled . 3/bin

1ibrary

Jobname

system:

t alenol

date of sxecution: 08/08/97
,time of sxecution: 18:18:38

scale wversionm:

ruclide concentrstions, grams
basis ssingle resctor assembly

nuclide conCentrations, grams
basls »single resctor sisembly

200 ¢
.3 e

40.4 4
7.428+0)

40.6 ¢
0.6 4

40.6 4
4.332-04
8.242-11

40.6 ¢
w.c 8
1.022+04
0.0 a
8.042-07
8.)92-01
8.952401
1.73R+00
J1.608+0)
2.838-02
3.42%-0%
4.652-04
4.652-08
3.91R+00
.5332-01
.628-02
3.39%-04

0.6 4
.108-0%

3.498+0)

40.6 4
40.6 ¢

single rcoe!:x ul--bxy

1.2
7.422+03

7.422+0)

llnql. TOACtOT assembly

.24

[] ]
single reactor lllo-b)y

tlno!- Teactor na--ubly

83.2 4
2.‘1!-0)
7.482-10

81.24
2.632-03
T.482-10

aingle peactor An-c-bly
d .2¢

4.2

single toa:te: us;-hly

81.24
31.028+04

1.308-08

8.132-02
l.)!!bol
2.852+00
3.602+03
7.59x-02
31.341-08
2.782-03
2.782-03
7.298.00
3.302-01
1.122-01
3.292-03

1.022+04

1.50%-06
8.13x-01
8.152.021
2.838000
3.602+03

J.292-0)

» single yeactor assesbly
1.2 ¢ s.2¢

single reactor sasembly
81.2d l.3a

3.01R-04
2.32%-06
$.762-0%
J.698+03

J.01x-04
2.322-0¢
€.713-0%
3.692.03

4.3

scale eontigurstion controlled code

decay dats; including gasma and total energy, are from endf/b-vi

initial
1.192.08

inicial
1.308:01
4.428-08

finitial
3.452408

injtial
1.262-03
1.218+02
€.21803
2.87R8+03
£.308+0%
3.02R+02
4.368-04
9.732401
9.23801
4.34R403
2.03203
1.062+03

1697

1.19%0%

603.2 4
1.338+08
4.488-05

603.2 4
3.45840%

608.2 8
1.432-0)
1,228+02
€.213+03
2.872+0)
$.188+08
31.098+02
2.9%2-04
1.06802
1.068+02
4.61B:0)
2.038:03
9.76x+02

1.198.08

12103 8
31.532.01
4.402-08

1210.3 &
3.433+08

1230.3 ¢
1.618-0)
1.23R02
€.212403
2.87R40)3
1.302.0%
3.092+02
1.982-04
31.06x.02
1,063402
4.518+03
2.018+03
5.01R+02

total nu-b-r of muclides in library

nueudo concentrationa, grams
ogingle resctor assemdbly
€08.24 1210.3 8 !lls s d 2420.7 4 30235.8 4 3631 0a
1.398008 1.192405 1.198+0% 1,198.0%
nuclids concentrations, grams
basis »single resctor assesbl
1815.3 4 2420.74 2025.0 4 363i.04
1.933401 1.338¢01 13.532e01 1.33.02
€.488-0% 4,402-08 4.402-05 4.482-0%

wuclide

concentrations, grass

basis wsingle resctor assembdly
1815.9 @ 24207 8 30335.0 4 )t!l 0d
3.458003  J.438¢03 3.433+05 J.435408

nuc 1ide

1.788-03
1.238402
€.218+03
3.978+01
8.388403
3.108.82
1.333-04
1.04%8402
1.042402
4.618+0)
2.008.03
$.318.02

concentrations,

grans

basis ssingle Tesctor sssembly
1013.8 d 24207 & :g:s Ad J()i 0da

1.952-0)
1,362+02
€.21%+0)
2.872403
8.38203
3.108+02
0.945-0%
1.038002
1.03%002
4.822.03
2.03x+0)
7.672+02

132-03
1.378402
£.212+0)
2.512+03
8.382408
3.112.02
6.042-0%
1.028402
1.028402
4.612+0)
2.032+0)
7.082402

.302-03
1.298+02
€.31K+0)
2.588+03
8.382408
3.128+02
4.072-08
1.008402
1.008002
€.81BeD3
2.038.0)
§.548+02
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Attachment II:
pu242 4.238+02
am2d8]  J.%4E01
anlile €.322-01
am24)  7.932.01

total $.362+03
4
]
initial
o 98 4.90R+02
tc 99 6.083.02

]
initisl
rvl0l  S.832402
10l 3.59E.02
° 2gl0®  7.35%+01
inicial
ndidél  5.962+02
ndlds S.07R+02
aml147  3.582.01
aml49 1.7200
aml30  3.26%402
sal351 1.108-01
eul%l 1.2492-02
aml152 1.06R402
«ulS)  §.30%e01

0
inicial
94158 2.882-02

2.562.04

B00000000-01717-0200-00140 REV 00

4.238+02
1.178+02
§.762-01
7.948.01
8.36%408

¢0s.2 4
$.69202
£.072+02

.$05.2 4
°$.252402
3.928+02
7.563-01

§08.2 4
£.148402
$.078.02
1.08R402
2.828400
2.248402
1.11R+01
1.352-01
1.062+02
$.978+01

03.2 4
9.412-01
2.956R+04

4.233+02
1.932402
£.712-01
7.948.01
0.562403

312103 4
5.692+02
€.078+02

12100 4
3.838.02
3.938+02
7.54K01

1210.3 ¢
§.148002
$.078+02
1.428002
2.828+00
2.248+02
1.108.01
2.962-01
1.063+02
8.978+01

1210.3 ¢
1.658+00
2.368+04

4.231R02
2.60%.02

4.338.02
3.232.82

§.652-01 6.602-01
T.948401  7,.942401
9.562+0% 9.34208
element concentrations, grams
mud- concentrations, rnu
sgingle Tveactor assemd {
lll! 3 d 2430.7 4 3025.8 4 3631.04
S.698+02 S,.692¢02 S.E98002 5.69402
6.072+02 6.013493 €.078+02 €.078+02
-nelu' concentrations, 'r-a
reactor assembly
lll! k] d 2420.7 @ 3038.0 4 )ll! 0d
5.858+02 S5.858+02 5.032+02 S3.85R002

3.928402

eaingle re.

3.92%002

4.23%.02
3.818402
§.59x-01
T.94x.01

36208

3.922+02

4.23802
4.338002
§.49%-01
7.948+01
8.36808

3.933.03

T7.568401 7.562+01 7.362+01 7.56%401

nucud'

basis
1815.5 ¢
6.142.02
S.078+02
1.64%+02
3.822.00
2.362402
1.082.01
4.333-01
1.063+02
$.97R+01

emtnum.

le Teactor ssssmbly
343 24 3023.8 ¢ )()1 04

6.34802
$.072+02
1.78302
2.828+00
2.26%8+02
1.078+02
$.722-01
1.06x+02
3.973+01

€.348002
5.078+02
1.872402
.2.82280
2.262+02
1.063+81
7.082-01
1.063+02
5.972.01

gTRARS

6.148.02
3$.072.02
1.932+02
2.028+00
2.262+02
1.043401
8.428-01
1.062402
3.973+01

mcud- concentrations, grams
is =single veactor sssembly
llls S @ 2420.748 302%5.84 J631.04
2.212+00 2.652400 2.99E<00 3.263400
2.568¢04 2.542e04 2.34%00L

2.94%+0¢
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Attachment II: B00000000-01717-0200-00140 REV 00

rob9g32.sum

0000000 rrriornsceasstscsreertnceorserteosestetitectarierreietrersesrserssessiscs

.
N mixtures of fuel-pin-unitcell
ddgroup lateicecell
.
uol 1 den=9.946 1 922
92234 0.023 ’3115 2.562 92236 6.013 92238 97. (Ol and
xr-03 1 0 1-30 922
xr-03 1 0 1-20 922 d\d
y-89 10 1-20 922 end
3r-90 1 0 1-20 922 ed
27r+9) 10 1-20 922 end
sr=94 1 0 1-20 332 end
sr-95 1 0 1-30 922 end
nb-94 1 0 1-20 922 end
n0-95 1 0 1-20 922 end
tce39 1 0 1-20 922 end
ru-101 1 0 1-30 922 end
ru-106 1 0 1-20 922 end
rh-103 1 0 1-20 323 wend
rh-105 1 0 1-20 922 end
pd-105 1 0 1-20 923 end
pa-308 1 0 1-30 322 end
8g-109 1 0 1-20 922 end
sb-124 1 0 3420 922 end
xe-131 1 0 1+20 922 end
xe-132 1 0 120 922 end
xe+135 1 0 1-20 922 end
xe-136 1 0 2-20 922 end
9134 1 0 1-20 922 wnd
5135 3 0 1-20 922 end
5-337 1 0 1-20 922 end
ba-136 1 0 1-20 922 end
18-139 1 0 3-20 922 end
preldl 1 0 1-20 922 and
Ppr=143 1 0 120 923 “end
ce-146 3 0 1-20 922 end
nd-141 1 0 1-20 922 end
nda-34%3 1 0 1-20 922 end
nd-147 1 0 1-20 922 end
pm-147 1 0 120 922
pm-143 1 0 120 922 end
sm-147 1 0 1-20 322 end
sm-349 1 0 120 922 end
sm-150 1 0 120 922 end
s=-131 1 0 1-20 922 end
sm-132 1 0 1-20 922 ond
ou-15) 1 0 1+20 922 end
wu-134 1 0 1-20 9 and
wu-155 1 0 3-30 922 end
©4-155 1 0 1-30 922 end
arbm-zircd €.38 S 0 0 0 8016
40000 98.16 2 1.0 3593

hlo J. den=0.711)5 1 $7
arbw-bormod 0,713 31

000000 &

ondce-v

SCALEE.) Bulletin Board

cnmeerss wesscscs Socse

Welcome to SCALE-4.3.

seeeeecdncecssscetetinsicee

will be called

$-5 579 end
376 end
0.04497 379

0.0016% 879
¢.00038 379

3.4863-3 379

[ N I Y

3 end
1 0 0 3000 100 3 §S2.%5¢-6 579

EEEEEH

633 ppm boron [wt) ln -cd-nur

'!ml-pln-eou geometry:

squarepitch 3.43 0,9294 1 ) 1.0719 2 0.9484 0 end

PPIN/a8sma204 fuelngthe?26.43 ncyclesed niib/eyes)
printlevelel lighteles inplevele2 mmstotslsll

assesbly and cycle parameters

mxTepestseld end
.

4 0.3019 3 0.3004 ¢ 0.
2 0.6%)4 3 0.8068 500

2 0.6934 3 0.8068 SOO
4 0.2839 5 0.J004 4 0.

3
2.
4 0.2839 3 0.3004 4 0.3
2.
3

0000000000000 00000800008008000000
imary module access and input record { scale driver - 93/03/2% - 09:06:37 )

PT:
sodule sasld
xs. Robinson N-3C-D 11.6¢ CWA/NTT, 226 om July 37

u 2‘000 0.30 26000 0.20 30000 1.40

€ 0.5029 4 0.5087 S 0.5576 3 0.6302
132,229 :

§ 9.3033 4 0.5087 $ 0.3576 3 0.6302
€ 0.303% ¢ 0.5087 S 0.5576 3 0.6502
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Attachment II: B00000000-01717-0200-00140 REV 00

2 0.6934 3 0.9060 300 2.2238 3 2.22%0
¢ 0.2839 S 0.3004 & 0.3086 6 0,3029 & €.3087 5 0.537¢ 3 0.6302
2 0.6934 3 0.3060 500 2.2238 3 2.23%90
4 0.2839 3 0,3004 & 0.3006 6 £.35029 4 0.5087 5 0.3576 3 0.6302
2 0.6934 J 0.9068 300 3.2239 3 31,3190
4 0.2839 3 0.3004 4 0.3006 § 0.303% 4 0.5087 S 0.3576 3 0.6302
2 0.6934 3 0.3060 300 2.2238 ) 2.229°
. 30,3839 3 0.3004 J 0.3006 3 n.!e:! ! 0.5087 3 0.587¢ 3 0.8302
20,6934 3 0.9068 300 2.6400 ) 2,647
3 0.38)9 3 0.3004 ) £.3086 3 0.3039 3 0.5087 3 0.5%76 3 0.46302
2 0.6934 3 0.3069 500 2.6400 3 32,
3 0.38)% ) 0.3004 3 6,306 3 0. !0:! J 0.5087 3 0.5376 ) 0.6302
2 0.69)4 ) 0.3068 500 2.6400 3 2.647
30,3839 3 0.3004 ) 0.3086 3 0.80 :! 3 0.5007 3 0.3576 3 0.6302
2 0.69)4 7 0.8068 500 2.6408 3 3.6
3 0.2039 ) 0.1004 3 0.3086 3 ©. sox! J 0.5087 3 0.5576 3 0.6302
2 0.6938 3 0.8088 300 2.6408 3 2.4470
3 0.2039 3 0.3004 3 ©.308€ 3 0.3029 3 0.5087 3 0.9376 ) 0.6302
2 0.6936 ) 0,8068 SO0 2.6408 3 2.6470
powere)9.30 bum=243.3 downed0 end
power=3S.48 burne143.3 downe$d Dbirac=0.3793 and
powers32.27 burm=136.0 downels bifracel.0 end
powere29.78 burm«136.0 downel631 bIrscs0.3793 end
o 11% cr 5.2 en 0.2%
fe 13 co 0.066 ni 8.7
sr 195 nb 0.63 sn 3.2
*  the above light -l-utn converted to kg per -wo:
23222222222 R hh
. 2332332222322 hh hh
aa 22 22 hh hh
sa 22 hh hh
(Y] 22 n hh
1Y) 2 hhhhRhhARhhhhh
sa 2 hRhRRRRRRARRR
sa 22 hh hh
(2] 22 hh hh
»a 22 hh hh
sa 2323221222232 hh hh
[ 1] 2222222222233 hh hh
nn nn d4t444L4L48 ceecceceeee hh hh ©0000000000
nrm [T EEE SRS R ceceecececcecee hh AR ©000000000000
nnn ] i [ cc  hh Ah o0 (]
nn o nn i1 (14 hh X oo ©o
nn A0 L) 11 ee hh hh oo 0
o »n ™m i1 - ce hhhhhhhhhhhhh o0 [ ]
an o m 11 ce hhhhhhhhhhhhh o0 o0
an an nn i1 ce hh hh oo oo
o m nn i (14 bh hh oo oo
m mn i1 [ e hh hh oo o0
m ann 188444844441 ececceccecece hh . hh 0000000000000
nn nn  L818840414444 eceecececeee ha hh 00000000000
0000000 20880083808 17” 0000000 sesssssesnd
060000000 $880028088088 7" 0 [ ]
00 00 (13 [ 17 00 00
00 o0 [ 1 L 1] ’"” 00 00
00 o0 [ 1] L L] 1 00 [
00 0] 7”7 00 0o
-4} Q0 17 (-1} 00
00 00 "o 00 00
00 00 17 00 00
00 00 17 00° oo
000000000 17 000000000 * [ s8888808
0000000 17 0000000 88003800848
11 0000000
.3 0600000000
1 LR R 00 00
11 13 00 [-1]
1 s 00 00
n 00 00
n 00 00
1 15 00 00
1 (1Y 00 00
11 1 00 00
11111111 000000000

11111113

[XXITTTY]

[TYYYYYY .

program verification information

g
11nu1n

17
7

223
$13
iz

11 .

11
1111113111111
nn
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99999939393
9999999393299
9 9

99

9
9999995939999
999939995998

0000000
00000000:

0000

T7717711ITIN
;;1717111711

$533553353358
::S!SSSS!S!!!

33
535353355338
!!S!!SSSSSS;:

ss
s M 55
$353355335338
35335555558



Attachment II: B00000000-01717-0200-00140 REV 00

© 16

»o 95
tc 99

totals

totals
.

o 16

no 93
tc 99

initial
1.3198+0%
J3.432+08

inltial
2.032+02
2,26R+04
1.15202
8.388+0%
3.818408

1x-38 @
1.192.0%
J.45R+08

12-10 4
2.032+02
2.368.08
1.152+02
B8.33%03
3.81%+03

initial
initial

charge
7.418+03

charge
charge

charge
00200
.00R+00

charge
charge
1.028+04
charge
.00%+00
9.663-01
9.60R401
4.858-01
3.618+0)
+00R+00
.00ze+00
L00R+00
.00Ee00
.00E+00
.008+00
~008+00
.00R+00

charge
.008+00
.00R+00
.002+00
J3.70E+0)

20
7. CZI’D}

0.3 4
30.34

20.) 4
7.098-05
1.142-11

30.3a
30.3 4
1.022+04
2034
4.642-07
8.312-01
9.238+01
1.192.00
3.608+0)
1.31e-02
4.928-10
8,008-03

8.002-0%
2.108+00

210208

0.3 4d
1,752-04
4.422-09
1.163-07
3.708403

this is ot »
Jotmame:

cods

system:

scale vursion:

4.3

1ibrary

date of execution:

time of execution:

progrea
creation date:

1 sasd

03/01/97

nichol
08/08/97
18:40:08

muclide concentrations, grams
basis =single xeactor assembly

muclide concentrations, grems

basis

203 ¢
20.3 ¢

40.6 &
7.428+0)

40.6 &
0.6 4

40.6 4
4.928-04
1.212-10

40.6 4
n.6e
1.02%.04
40.6 4
9.052-07
8.362-01
8.872.01
1.88%.00
3.602+0)
3.362-02
31.163-09
£.038-04
€.038-04
4.372+00
1.923-01
2.282-02
J.613-04

t0.§ @
2.948-08
1.422-07
4.162-06
3.70%+03

3.69%+03

esingle reactor assembly

single resctor u--bly
.24 1.2 4
7.428+03  7.423403

single reactor assemdly
8.2 1.2 4

single reactor assemdly
81,24 81.2 4

single reactor ;Jnc-b!y
L 1,

2.902-03 2.993-0)
1.102-09 1,102-09
single reactor assesbly
$1.24d s1.2¢
single reactor assesbly
81.24 $1.24
1.022+04 1.022404
single reactor sssembly
81.3 4 s1.24d
1.67K-06
8.063-01
8.318.01
3.128400
J3.39840)
3.082-02
1.712-08
3.632-0)
3.632-03
2.052+00
€.492-01
1 $42-01 1.34%-01
5.102-0) 5.108-03
aingle reactor uo-ﬂly
$1.24 1.2 8
4.142-04 4.142-04
3.492-06 3.438-06
1.202-04 1.203-04
1.6980) 3.69%+0)

1.778-00
3.632-03
3.6)8-03.
$.05R¢00
6.402-01

Jept/neut/Scaled.)din

scale contiguratiom controlled code

decay data, including gasma and totsl energy, are from endf{/d-vi
1697 total number of nuclides In library
miclide concentrations, ltm

infcial
1.2198.03

initial
1.462:01
6.)352-08

initisl
3.438.08

initisl
1.272-03
1.132.02
5.332+0)
2.998+0)
8.358+08
3.428.02
3.568-04
1.228+02
1.328+02
4.61800)
2.202.0)
1.162+0)

basis

ssingle veactor sssesd.

ng 8
603.2d 1210.3 4 1813.54 2420.74 J023.9 ¢ J()! 04a
1.192+085  1.198¢09 1.192+0% 1.19240%5

1.19%.08

603.2 ¢
1.732.01
€.443-08

603.2 @
3.458+08

$03.2 4
1.472-0)
1.132402
$.3220)
2.93203
0.352+03
J.492+02
3.822-04
1.328002
1.J28+02
4.682+0)
2.208+01
1.073.0)

1.193408

12103 ¢4
1.72%+01
€.442-08

1210, ¢
3.4352.08

1210.) &
1.672-03

2.21K+03
9.892+02

nucltdﬂ

ecnccntrn:sonn. grams
single resctor

basis semb)
lll! S a 3(20 T7d )035.34 J€i1.04
1.732+01 1.722+01 1.728+01 1.722.01
€.442-05 §.44R-03 6.44R-03 £.445-05

nuclid-
basis
1018.8 & 3420.1 a4 J023.8 ¢4 :c)x.o

ecneontrn:lonl. grana
single Teactor assembly

[}

J.458+08 3.43E«08 3.43R408 3.452.0%
puclide concentrations, grams
basis =aingla veactor assesbly

1013.9d 24207 4 3025.0 & :ch 0a

1.862-03 2.062-03 2.262-03

1.20%.02

1.18%02
5.32%2.03
2.998403
8.33%.08
3.51%.02
1.738-0¢
1.302402
1.308402
4.50%403
2.218403
9.132+02

1.223+02
$.332+0)
2.992+0)

3.522+02
7.842-08
1.273+02
1.272402
4.608+03
2.218+03
7.762+02

2.438-0)
1.2)R402
$.328+0)

8.338+0% 8.333¢08

2.218+0)
7.188402
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Attachment II:
pu2d2  5,272.02
an2dl 3.78%.01
an2dle 7,)92.01
anlél 1.108+02

total B.331R«03
initial

[ ] 5.38%+.02
tc 99 6.62R.02
initial

rulol §.490002
™10l  3.87R.02
agloy §.63%01
inicial

ndlld 6.342002
nd14S 3.52202
smld? 3.81803
smlly 1.762+00
am180 2.356K002
ml51 1.172+01
eulll 1.108-02
sals2 1.168+02
eul33 1.038.02
initial

gq13s J.392-02
total 2.042404

B00000000-01717-0200-00140 REV 00

5,378-902
1,278+02
7.332-01
1.10%+02
3.53%.08

403.2 ¢
€.222002
€.652402

€0s.2 &
€.498+02
4.208+02
8.678+01

603.2 4
6.53202
5.322+02
1.332.02
3.008+00
2.562+02
1.28%+03
1.643-01
1.16E402
1.042.02

§03.2 4
1.10R.00
2.843+04

$.278.02
2.098402
7.272-01
1,108¢02
8.331Re05%

1210 4
€.222.02
€.652.02

1210.3 ¢
€.49%+02
4.282+02
8.678401

1310.3 4

1.042402

1210.3 ¢
1.948400
3.948.04

$.3278.02
2.048.02
7.218-01
1.108+02
8.538.08

$.278.02
3.948.02
7.132-01
1.16%.02
6.332.08

3.272+02
4.188.02
7.09x-01
1.103.02
3.538+08

$.278402
4.768+02
7.033-01
1.208403
8.332+09

slement concentrations, grams
mua concentrations, grams
is -urgh TesCTOT Assembl

1815, 5 4 242

78 3025.84 363106

6.228+02 £.323402 6.222¢02 §.228+02
6.638402 6.652002 6.632402 §.65B02
muclide concentrations, 'r-l
basis ssingle reactor assemb
1818.8 4 2420.74 3023.8 4 JC!X 04
6.498+02 6.49%+02 €.498402 £.432402
€.202402 4.282402 4.20%+02 I.ZIIOOZ
8.678<01 6.672+01 8.672401 J.67801
muclide concentretions, grams
basis ssingle resctor assemdly
1813.3 4 2430.74 3025.84d 3631.04
s I2+02

6.332+02 6.3)8+02 6. §.338+02
$.528.02 $.35212402 $.523402 $.322.03
1.718.02 1.06%.02 1.932+02 2.012+02
3.008+00 3.008¢00 J.00R«00 J.00%+00
2,362+02 2.362402 2.3563.02 2.562+02
1.152+01 1.14%2¢81 1.122+01 .1.112.01
4.61x-01 €.002-01 17.3522-01 8.942-01
1.362+02 1/162¢02 1.162+02 1.3162.02
1.048402 1.042402 1.04K+02 3.048.02

mclide concentrations, nm
dasis esingle reactor sssemd
1818.9 4 2420.7 4 302%3.8 4 !C)! ta
2.60E400 3.311R+00 3.523+00 3.83B400

2.048408

2.843+04

2.04%+08

2.84%.048
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Attachment II: _B00000000-0]7l7-0200-00140 REV 00
rob9g16less100.sum

(0000 retteertrnensstactetietttieitieitteeniniieseditssiittnittctnteretesssnsodes
. .

SCALE(,3 Bulletin Board

cetraver Coscerss weeee

.

.

.

M . Welcoms to SCALR-4.3.
.

.

.

PPIPCILEBCSLBR00000 000000 C000088000000080080000008000002080000000440000000000000
1 prisary module access and input rscord ( scale driver - 93/03/29 - 09:06:37 )
= module saslh will be called
H.¥. Robinson W-9B-§ 16,02 OWA/MTU, 11 om, July 97

mixtures of fuel-pin-unitcell
dgroup latticecell .

densd 9344 1 822
92234 0.02) 92235 2.561 92236 0.01) 393238 97.403 end

1-20 822 -
1-20 822
1-20 822 end
1-20 822
1-20 822
1-20 8122
1-20 832
1-20 022
1-20 €22
1-20 822
1-20 822
1-20 822
1-20 822
1-30 822
1-320 822
1-20 822
1-20 822
1-20 322
1-20 822
1-20 822
1-30 822
1-20 822
1-30 822
1-20 822
1-20 832
1-20 812
1-20 332
1-20 822
1-20
1-20 822
1-20 822
1-20 822
1-20 822

[
o
~
e

it

EEIEEEREH

[
-]
L3

o
»
~

.

RAEEEERAAAZRARARARERALNNE

00000000000 00000000CD0O000000000000000000D00

1-20 812 end

arbr-zircd 6.56 S 0 0 0 8016 0.12 24000 0.10 26000 0.20 350000 1.40
40000 99.18 2 1.0 395  end

h20 ] den=0.7544 1 539 end
artm-bormod 0.7544 31 1 0 0 5000 100 ) €52.5e-6 559 ena

n ¢ 0 5-3 559 end

58304 5 1 5%9 end

° € 0 0.04497 3%9 end

na € 0 0.00165 539 end

al 6 0 0,00038 359 end

si € 0 0.01799 539 end

) 3 6 0 0.00011 3588 end

b-10 6 0 9.595-4 533 end

b-11 6 0 3.863-) S39 end

v §3) ppm boron {wt) in moderator
' e e meeeaar e e E®mee e e T e e e e o
fndcovo

*fuel-pin-cell geometry:
squarepitch 1.43 0,9294 1 31,0719 2 0.9488 0 end

. assembly and cycle parameters
roin/asem=204 fuelngthe?2£,.63 ncyclesed nlib/cycs)
printlevele$ lightelsd inplevele? numztotalsll
sxrepeatssl end

0,2839 S 0.3004 &4 0,3086 € 0.5029 ¢ 0.5087 S 0.5%76 3 0.6302
0.6334 3 0.80€8 3500 2.2238 3 2,22%0

0.2839 8 0.3004 ¢ 0.3086 6 ©0.3029 4 0.5097 § 0.5576 3 0.6502
g €934 3 0.3068 500 2.2238 3 2.22%

4
2
4
20.
4 0.2839 S 0.3004 4 0.3086 6 0.5029 ¢ 0.5087 5 0.5576 3 D.6502
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Attachment II: B00000000-61717-0200-00140 REV 00

O

0.6934

CNWNUNK s NUNWHUW N aNaNL «N
oo
Py
2 X.]
-e
Al
-
WHWWW WWWWLUW WuWtien W

“

0.6334
powersall.ly
powerslf. 84

o 119 er
fe 11 co

0.8068 S00 2,2238

0.3004 4 0.3088 §
0.8068 300 2.2238
0.3004 4 0.308¢ €
0.3068 500 2.2238
0.3004 4 0.3086 €
0.0068 3500 2,2238

0.3004 3 0.3006 3
0.8068 300 2.6408
0.3004 3 0.3006

0.3060 300 2.6408
0.3004 3 0.3086 D
0.0068 300 2.6408

6,3004 3 0.3086 3
0.8068 300 2.6408
0.3004 3 0.3086 2
0.8068 300 2.6408
0.3004 3 0.3086 3
.8068 SO0 2.6408

i ]

3 2.32%¢0

0.302% 4 0.3007
3 2.229¢
0.35029 4 0.5097

0
0.5029 4 0.5087
3 2.2290

0.302% 3 ¢.30W?
6470
©.5029 3 0.5087

0.3029 ) 0.5087
3 2.6470

0.3029 3 40,5087
3 2.6470
0.5029 3 0.5087
3 2.6470
0.502% 3 0.5007
3 2.6470

ne241.5 down={0 end

poversl7.76 burmn=~3431.3 downef{ Dfrac=0.3793 end
powerel7.23 burne156.0 downeld bfracel.0
burn=3136.0 downs3936 bfrac=0.379) end

$.2 =n 0.29
0.066 ni 8.7

sr 193 nd 0.6) sn J.2

S 0.5576 ) 0.6302
5 0.5576 3 0.6302
3 0.3576 3 0.6302

3 0.3376 3 0.6302
3 0.5576 3 0.6%02
3 0.5576 3 0.6302

3 0.3376 ) 0.6302
3 0.5576 ) 0.6302
3 0.5576 3 0.6%02

the above light slements converted to kg per mtuol

[ 1]
[
(1)
nn nn 18444444444
nnn o 1144444448444
nAnn m i1
nn nn m i1
nn nan an i1
nn nn nn ii.
nn nn an i
nn nn an 1
nn nn nn i1
nn nnan i1
nn mnn (188444484448
nn nn 144448444444
0000000 88888828888
000000000 8888888888008
00 00 1 1] a8
oo o [ 1]
oo 00 [} []
1] 00 38880088808
oo 00 883323888818
a0 00 ] [
00 oo as as
-] L] 8t 88
000000000 $888883888888
0000000 s88088838388
1 93935999399
111 993999399939
1111 9 99
11 9 99
11 99 99
11 9999999999999
11 999939399999
11 99
11 Léd
11 39
111131111 9995999999998
11111111 999999399393

eececeeccece
£ececeecceceee
cc ee
({4
€c
c¢
cc
cc
cc
ec cc
ceeeceecceeee
eceecceeecee

132
333
133

22222222222
2222222222222
22 23
22
22

22
2222222222232
2322322322222

;z:;;gg;z;;;
gEpEpEiErERy
gsssssssé

%
3

0000000
000000000
4 oo
00 00
-1 oo
oo 00

000000000
0000000

0000800
goooooooo

000000000
0000000

geeeceeccee
ecececeeecceecte
(1 cc

<¢ cc
€eecceccecceeee
ceeeceeceee

EEEEEEE
FEETY

gg (4:4:444
4449

§88888888

11111111
11111111

program verification fnformation
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code System: scale wversion:

program: sas2
creatjon date: 0£3)/07/97
) 1ibrary: /opt/neut/Scalel.3/bin

this 1s not & scale configuration controlled code
Jobname: nichol

date of execution: 03/08/97

time of sxecution: 'u:ox;u

VOB 0N00CCRRCRCRPINGR0RCO0000000QRRC000P00CRORPRPRRRCOR0PERTIENLRROROCRRIRODS -
1 .
0 .
0*
0 .
[ nuclide concentrations, grass

Tasis ssingle vsactor assesbly
inicial 2p-193 @
o 16 1.3192+03 1.192.0% .
total 3.452+08 J.43203
N nuclide concentrations, grams .
besis ssingle reactor assesbly
4nitial 1t2-18 8
u234  2.012+02 2.032.02
u23S  2.262+04 2.2€2+04
u23lé 1.158¢02 1.152402 .
u2is 8.388+05 $.58203 .
total 3.812+03 B5.31R0%

[ basis =

] initial 0.3 4 40.6 4 60.9 4 81.2¢ .24
] i{nitial 004 40.6 & 60.9 4 81.2¢ 81,24
Q nuclide concentyations, grams

basis ssingle resctor sssesbly
initial 656.0 8 1312.0 4 1%68.0 d 2624.0 4 J280.0 & 3”‘.0 4a
o 16 1.19E¢05 1,1920% 1.19Z+05 1.19R+05 1.19%+05 1,.132+05 1.19203
o nuclide concentrations, grams
basis ssingle reactor assesbly
initisl €36.04 1312,04 19%68.0d 2624.04 J200,04 396,04
mo 95  6.932¢00 B8.142+00 §.142+00 B8.14B+00 8.142+00 8.142+00 8.148400
tc 99 6.622-06 6.712-06 €.712-06 £.718-06 6.71x-06 €.71z-06 §€.71x-06
0 . nuclldc euncmtnuw. grams
single veactor assembly
infcial €36.0 4 1312.04 196! 0 d 2621.0 4 J280.0 ¢ 3”‘ [ 3
total 3452408 3,43Be03  3.452003  3.432+403 3,432403 . 45Re0S D.43R408 '
muclide concentrations, grams
basis ssingle reactor sasembly
Inicial €56.0 & 1312.0 4 19%68.0 8 2624.0 Q@ 3280.04 :nt.o e
w2)) 1.022-0) 1.11Z-0) 1,2CE-03 1.29%-03 1.382-03 1.472-0) 1.562-03
u2ld 1.532:02 1.532+02 1,532402 1.54B+02 1.54R+02 1.352+02 1,3%2.02
u2lds 1.112¢04 1.11E+04 1,122404 1.112e08 1,.11B404 1.112+0¢4 1.11R004
u236  2.14E+03 2.3142+03 2,14X¢03 2.34X+03 2.18B¢03 2.14R+0) 2.14EK403 .
238 8.472+05 8.47E+05 S8.47Ee0S J.47R40S §,472403 B.472¢05 8.472+0S
m237 1.442+02 1.47K+02 1.47B¢02 3.47R¢02 1.40E+02° 1.48B¢02 1.49R.02
pu2l6  1.042-04 §.78E-05 4.42K-05 2.878-05 1.872-0% 1.222-05 7.932-06
pu2l8  2.70Z+01 2,95R+01 928401 2.88Re01 2.84E+01 2.80EB¢01 2.76E.01
pu2ls 2.70E+01 2,95L401 J92r.01 g.luoox 2.842+01 2.830E+01 2.76R.01
3

4
H
puld 3.94K0) J.932.03 3.982403 JIEE«03 J3.982+03 1.982¢03 3.902.03
pu2dld 1,16R+0) 1.182¢0) 1.362+03 «162+03 1.162+0) 1.162+0) 1.162.0)
pu26l  S.242+02 4,.802402 ¢.40B¢02 4.042¢02 3.702+02 13.)92+02 J.112.02
pu2d2 1.062¢02 1,06R+D02 1.08Re02 31.06R+02 1.082402 1.062+02 1.06R402, .
am241° 1.912+01 §£.25E+01 1,.02E«02 1.38E+02 11,.72B¢02 2.02E+D2 2.29R+02 .
amlé2m 3.252-01 3,222-01 13,20E-01 3.172-01 J.142-01 J.112-01 J,.08R-01
am24) 1.072+01 1,072+01 1.07R¢01 1,072+01 3.072+01 1.07E01 1.07R.01
total 8.67203 .(7!00! 8.672¢03 $.672¢05 B.67E+05 8.572+05 3.672.03
element concentrations, grams
0 * nuclide concentrations, grams
bazis esingle reactor assembly
initial 6356.0 4 1312.0¢ 13968.04 23624.0 4 3220.08 3%336.04 -
mo 95 2,912¢02 13,428402 ).42B«02 J.42B¢02 3.42E+02 ).422+02 3,42R.02
te 99 3.592+02 J.61E¢02 J,.61E+02 J.61Re02 3.61E+02 3.612402 3.612.02 .
[ nuclide concentrations, grass
basis esingle resctor assasbly .
inicial €36.0 4 1312.0 4 1%68.0 4 262¢.0 4 J230.0,4 391‘.0 3
rul0l  3.312002 3.31R402 3.312¢02 3.J1E402 J.31R¢02 3.31E+02 3.312.02
Thil) 2.118¢02 2.312¢02 2.312¢02 2.31E¢02 2,31R¢02 2.J1E+02 2.J1%02
39108 3.382+01 3.398+01 3.33R401 3.332+01 3.352.01 3.358+0% 3,39%e02
0 rmuclide concentrations, c:ul
basis =single vesctor asserbly .
initial €356.0 4 1)12.0d 1968.0d 262¢.0 3 3280.0d J!J‘.D a
nd143 . 4.002+02 4.132+02 4.112+02 4.11K+02 4.118+02 4.11R¢02 &.11Ee02
nd1ds  3.112.02 3.1318402 3.11R602 J.11E¢02 3.112+402 J3.11R¢02 3.112+02
am147 4.042+01 8.138e01 1.07E+02 1.222+02 1.32R¢02 1,38R402 1.42R402
smldy  1.512200 2,.07RBe00 2.072¢00 2.072400 2.072400 2.078400 2.07E«00
sal50  1.162+402 1.16R¢02 1.163+02 1.163402 1.362+02 1,168+02 1.16%.02
salS:  $.322+00 B5.33B¢00 $.212+00 85.092400 T.982+00 7.072400 7.77R¢00 .
eulS] 1.732-02 1.332-01 2.48%-01 3.60X-01 4.722-01 5.812-03 6.%02Z-0% .
anl$2 6.242+01 £.242eD1 €.24%001 6£.28Be01 6.28F401 &£.242+03 6.242401
eulsl J.912.01 3,932.01 3,.832401 ).932+01 3,938+01 J.932.01 J.932.0}
gdl1ss  1,73£-02 4,232-01 7.342-01 9.732-01 1,162.00 1.302+00 1.40200
0. nuclide concentrations, prams
basis esingle resctor assembly
inftial €3€.04 1311.0d4 1968.0d4 2624.04 3230.04 :ns oa
total 1.452¢04 1.452404 1.85Be04 1.45E408 1.45E40& 1.452004 1.45R+04
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rob9g32less100.sum

0000000e000000000000000000060000000000000000000000000000000000000000000000000000
.

SCALR4.) Bulletin locrd

crcsscce seccccss

L
.
: Yelcome to m-l.ﬂ .
.
.

2000800800000 00¢00000
1 isary module access and input record { scale driver - 95/03/29 - 09:06:37 )

primary
- wmodule sas2h will be called
N.B. Robinson W-5C-D 31.66 CWd/wTU, 226 cm July 97

0000000000000000000000000000000000000000008000000000

mixtures of fuel-pin-unitcell

4group latticecell

LR S

vo? 2 dened 9881 822
92234 0, 02) 92233 2.361 92236 0.013 92238 97.40) end

1-20 822 and
eu-155 1-20 822 end
gd-153 1-20 822 =nd

artm-xircd 6.36 5 0 0 O 8016 0.12 2‘000 ‘6.20 26000 0.20 $0000 1.40
40000 98.18 2 1.0 393

h2o 3 dens0.7138 1 579 end
arbm-borwod 0.7133 1 2 0 0 3000 300 3 §32.5¢-6 579 end

eu-154

kr-83 1 0 1-20 822 end
kr-8S 1 0 1-20 822 end
y-8% 1 0 1-20 822 end .
sr~%0 31 0 1-20 822 end
32-93 1 0 1-20 822 emd
zr-3¢ 1 0 1-20 822 end
3r-35 1 0 1-20 822 end
nb-3¢ 1 0 1-20 822 end
®o-93 1 0 1-20 822 end”
tc~93 1 0 1-20 822 end
ru-101 1 0 1-20 822 end
ru-106 1 0 1-20 822 end
Th-103 1 0 1-20 822 end
rh-10% 1 0 1-20 222 end
pd-105 1 0 1-20 622 end
pa-108 1 0 1-20 822 end
ag-10% 1 0 1-20 822 end
sb-124 3 0 1-20 822 end
xe-1J1 1 0 1-20 822 end
%xe-132 1 0 1-20 822 end .
xe-2335 1 O 1-20 822 end
xe-136 1 0 1-20 822 end
c3-334 1 0 1-20 322 end -
€5-135 1 0 1-20 822 end
€s-137 1 0 1-20 822 end
ba-136 1 0 1-20 822 end
1a-139 1 0 1-20 822 end
pr-141 1 ¢ 1-20 822 end
pr-143 1 0 1-20 822 #nd
ce-144 1 0 1-20 822 end
na-14) 1 0 1-20 822 end
nd-345 1 0 1-20 822 end
nd-347 3 0 1-20 822 end
pm-147 1 0 1-30 822 end
pm-148 1 0 1-20 822 end
sm-147 1 0 1-20 822 end
=149 1 0 1-20 022 end
sm~1%0 1 0 1-20 022 end
sm-151 3 0 1-20 322 end
s»-152 1 0 120 822 end
eu-13%) 1 0 1-20 822 end .
10
10
101

.n 405-5579 end
23304 S 1 576 end
o €0 0.00i97 579 end
ne 60 0.00163 579 end
al 60 0.00058 573 end
sl 600.01799 579 end
kX 60 0.00011 579 end
b-10 € 0 9.595-¢ 573 end
p-11 € 0 3.861-3 579 end
. 633 ppm boron (wt) in moderator '

onacu-o

'tucl-pln-un geonetry:
.quuopueh .43 0.929¢ £ 3 21,0719 2 0.948¢ 0 end

> e o e eee s s e rensea e ea.

.
. assenbly and Cycle parameters
npin/assme204 fuelngthe?2§.63 ncycless=é nlib/cycs3
printlevelss lightele? inplevels2 numstotalsil
sxTepests=) end

4 0.2039 50,3004 4 0.3085 6 0. 5023 l 0.3007 5 0.5576 3 0.6302
2 0.6934 3 0.0068 500 2.2232 3 2

4 0.283% 5 0.3004 4 0.3086 6 0. 502! l 0.3087 8 0.5376 ) 0.6302
2 0.6934 3 0.0068 300 2.2238 ) 2.2290

4 0.2839 5 0.300¢ 4 0.3086 6 0.5029 4 0.3007 5 0.557¢ ) 0.6302
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0.8068 300 2.22)9 3 2.22%0

0.3004 4 0.308¢ € 0.5029 4 0.5087 S 0,337¢ 3 0.6302
0.8068 300 2.2238 290
0.J004 4 0.3086 6 0.5029 4 0.5087 S 0.357¢ 3 0.6502
0.0068 500 2.2238 3 2.2290
0.3008 4 0.3006.6 0.5029 4 0.5087 S 0.357¢ 3 0.6502
0.8068 500 2.2238 3 2.2290

0.3004 3 0,3006 3 0.5029 3 0.5087 3 0,3576 3 0.6502

0.6934 3
S
3
S
3
s
3
3

0.69)4 ; 0.8063 300 2.6408 3 2.8
J
3
J
3
3
3
3
3

w
»

470
0.3004 3 0,3086 3 0.5029 3 0.5087 3 0.557¢ 3 0.6302
0.8068 300 2.6408 L6470
0.3004 3 0.3086 3 0.5029 ) 0.5087 3 0.5576 3 0.6302
0.8068 300 2.6408 J 2.6470

0,3004 3 0.3086 J 0.502% 3 0.5087 3 0.5576 3 0.6502
0.8068 S0C 2.6408 3 2,470
0.3004 3 0.308€ 3 0.85029 3 0.3087 3 0.5376 ) 0.6302
0.8068 300 2.6408 L6470
0.3004 3 0.3086 ) 0.5029 3 0.5087 3 0.5376 3 0.6302
0.6934 3 0.3068 500 2.6408 3 2,6470

povere33.38 burne24{}.5 down=40 end
powers)S. 48 burne24).3 downs€{ bIracs0.3793 end
powers}2.27 burns1%6.0 downely bfracsl.0 end
powers29.70 burna156.0 downel§3l Dfrec=0.3793 end
o119 ¢cr 5.2 m 0.29 .
fe 11 co 0.066 ni 8.7
zr 193 nb 0.63 sn 3.2

.
* the above lipht elements comverted to kg per mtuo2

-
-
3

CNWNWLUNG c NWUNWNW s NANRNA oW

o
.
-
-
~
-

-

~
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s as aa s 22 ha hh
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s as as s 22 hh hh
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[}
nn an  L84g42414144 eceecccecee hh o 8 00000000000
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nn nan nn 11 cc hh hh oo [
nn nn nn 11 cc hh hh oo [}
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nn o 131844144444 ececeeceecee hh hh ©0000000000
°
0000000 Litil] 1" 0000000 asnessngss
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00 00 88 a8 17 oo 00 (1} (1)
00 00 es a8 " 00 00 8 [ 1]
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00 00 as ] " 00 [-1] a8
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0000000 383388883188 " 0000000 asasessanes
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111 9999999999993 2222322222222 2232222222222
1111 3 » 83 22 2 22 22
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11 9 11} 22 22
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111113111 999999999938 2222322222222 2222222222222
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o 36

mo 93
tc 99

totals

uil}
u2ié
u23s
w36
u2l8
np237

totals
.

e 16

mo 95
tc 99

initial
1.192408
J. 458405

inicial
2.03202

2.262+04
1.

this s

date of
time of

1z-18 d
31.192+03
3.452+08

1z-18 @
2.0)2.02
2.262408 °
1

charge
7.422403

charge

charge

charge
.COR+00
.00Re0D

charge
charge
1.022-04
charge
.002+00
8.662-01
9.602+01
4.852-01
3.612+03
.00K+00
.00R+00
.002¢00
002400
.002+00
.008+00

.00Re00
.00E+00

charge
00200
002400
.002+00
3.702+83

initisl
iniciasl

0.6 a
7.42E+0)
20.3 ¢ 40.6 &
20.3 4 40.6 &

20:1 4 40.6 4
7.032-05 4.91x-04
1.13e-11 1.212-10

0.4 40.6 @

20.34 40.6 @
1.022«04 1.022004

20.) d 40.6 4
4.632-07 9.032-07
8.512-01 8.362-01
9.232+01 8.872401
1.192.00 1.888+00
3.608+03

20.3 &
7.422+03

3.072-0%
2.082+00
4.712-02
2.722-03
2.082-03

20.) &
1.742-06
4.382-0%
1.152-07
3.702.03

3.612-04

40.6 A
2.922-08
1.412-07
4.1)2-06
3.708+0)

€ode system: scale wversion:

sas?
©3/07/97
Jopt/neut/Scaled.}/bin

program:
creation date:
library:

mot a
Jobriame:

execution:

nichol
08/08/97

execution: 19;22:18

nuclide concentrations, grams
basis ssingle resctor sssembly

nuclide concentrations, grams
bazis msingle reactor assembly

4 40.64
d 40.6 &
single roncto; assembly

T.42840) 7.42E+0)

single reactor assesdly
s1.2a4 s1.24

Bingle r-acto: assendly

single resctor assesbly
60.94 011.24 82.2 4
2.992-03 2.982-0)
1,092-09 1.09%-08
linqlo Zeactor assembly
60.9 & 1.2 4 .2
single reactor assemdly
1.2 4

1.021'04 1.022+04
single reactor asseobly
81.2 ¢ 81.2
1.672-06 1.672-0¢
8,062-01
8.212:01
J.138+00
3.592.03
8.872-02
1.762-08 .
3.632-0)
3.632-0)
2.982+00
6.442-01 €.442-01
1.532-01 1.3)8-01
$.072-03 5.072-03
single to-cto{ sssenbly

31.24 .
4.102-04 d.102-08
3.472-06 J.472-08
1.182-84 1.192-04

3.69%+03 3.692403 3.692+0)

4.3

decey dats, including gamas and total energy, are from endf/b-vi

inltial
1.198+0%

initial
1.462401
€.362-0%

initial
3.452405

inicial
1.262-03
1.132402
$.272+03
2.398+0)
0.3352+03
J.412+02
5.832-04
1.212+02
1,21K+02
4.542+03

2.20240)

1.152.03

1697

60S.2 4 12103 4
1.198405 1.192+08

605.2d 1210.3 4
1.722+01 1.722+01
§.452-05  €.4%2-0%

12103 4
3.432405

€08.2 4
3.45K+035

1210.3 4
1.652-0)
1.168402
$.278¢0)
2.99203
8.352+08
3.432402
2.362-04
1.312.02
1.31%+02
4.628+0)
2.20R+0)
9.782+02

605.2 4
1.462-0)
1.158.02
5.278+03
2.992+03
8.352+0%
3.488402
J.812-04
1.328.02
1.J28+02
4.622+0)
2.202+0)
1.062403

total nusber of nuclides in library

nuclide concentrations, grams
basis =single reactor assesdly
1013.5 4 2420.7 4 J025.8 ¢ JCJX oa
1.192+0%  1,19R+05 1.192405 1.192¢0%
nuclide concentrations, grama
basis =single reactor assemdly
1815.5 @ 2420.7 & 3025.84 36)1.04
1.728401 31.722401 1.722401 1,722+01
$.432-08 €.45%-0% €£.,45L-05 €.433-0%
ruclide concentrations, grams
basis wsingle reactor assesbly
1915.5 @ 2420.7 4 3023.84 J(J! 0a
J.458+05  J.45R¢0S J.45E¢0S 3.452¢0%5
nuclide concentrations, grams
besis esingle resctor assesmbly
1815.5 4 2420.74 J025.83 @& !(Jl [N}
1.852-03 2.052-03 2.242-0) 2.442-0)
1.18%+02 1,202+02 1.21%¢02 1.2)8+02
5.278+01 S.27260) S.272+0) $.272+0)
2.992+0) J.002+03 J.002+03 3.00%+0)
8.35R+05 $.33%48% 3.352+038
3. 492402 J.350E+02 J3.S1Ee02 3.522¢02
1.722-04 1.162-04 $.252-03
1.302402 3.28E.02 1.252+02
1.302+02 1.28x+02 1.25K+02
4.62240) 4.622403 4.622+0)
2.20R+03 2.20E+03 2.21%+03
9.032+02 8.332402 7.108402

1.262+02
l 26K+02

4.622+0)
2.20203
7.692+02

acale configuration controlled code

(YX Y]
-3-3
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Attachment I1:

Pu242  5.27202
am2il ).722.01
anldla 7.252-01

an24} 1.098.02
o total 8.338+08
0
* initial
mo 95 $.392.02
te 9% £.622.02
[
inicial
rul0l  6.492+02
Thi0l  3.863+02
- aglos  8.62z.01
]
initial
nal143 €.328002
nAalds $.52K402
sald? S.018+01
sm149 1.74800
eml30 2.563+02
salsl 1.162+01
eulsl 1.158-02
sal132 1.16%+02
euls) 1.03E+02
L
initial
04155  J.14%-02
total 2.842+04

B00000000-01717-0200-00140 REV 00

$.272402
1.252402
7.192-01
1.092+02
8.338+03

§08.2 4
6.2)2+02
€.632.02

603.2 4
§.49K402
4.278+02
8.63x+01

§05.2 @
€.512002
5.528402
1.132+02
2.982+00
2.36K+02
1.178+01
3.623-01
1.162002
1.032+02

605.2d
1.102+00
2.84E:04

$.272+02
2.062402
7.132-01
1.09%+02
8.532+03

12103 4
€.232.02
€.652+02

1210.3 4
6.492402
4.272+02
0.632+01

1210.3 4

1210.) 4
1.94E.00
2.842+04

5.278+02 S.27%.02 5,272402
2.813+02 3.492.02 4.132402
7.078-01 7,012-01 6£.968-01
1.092402  1,092+02 1.032+02

8.5)2+05  1.332+05 8.3)%+03

5.272+02
4,712002
€.%02-01
1.098+02
8.338403

slement concentrations, Qrams

muclide concentrations, grams

basis =zingle reactor assecbly
1815.5d 2420.7 & 3023.8 & 3631.04

6.23+02 €.232+02 6.233+02
§,652402 €.63R+02 6.632403

§.232+02
€.652+02

nuclide concentrations, grams
basis =single reactor asseambly
1813.5 4 2420.74 J025.8d 3631.0 4

€.498402 6.492402 §.49R002
€.272+02 4.,27R+02 4.273402
$.638+01 B.632¢01 5.632401

6.498+02
4.278+02
8.638+01

muclide concentrations, grass
basis ssingle reactor assembly
1515.5 @ 2420.7 4 J025.3 4 J6331.0 4

€.51%+02 6.31R¢02 6.351%+02
S$.522.02 3.352R¢02 5.823.02
1.712+02 1.852e02 1.95K402
2.982.00 2.382+00 2,98K400
2.562402 2.362002 2.56x402
1.142001 1.132+01 1.312401
4.372-01 6.01x-01 7.442-01
1.168+02 1.168402 1.16R402
1.032¢02 1.0)2+402 1.032402

€.512402
5.32x+02
2.01R402
2.982+00
2.362402
1.108.02 .
8.838-01
1.168+02
1.032.02

nuclide concentrations, grams
basis =aingle reactor assesbly

1815.5 4 2420.7 4 3028,
2.602+00 3.112+00 3.528¢00
2.842+04 2. 843404 3,042+04

d 361.04

J.832.00
3.842404
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