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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 futurc
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
Requirements and Description (Reference 5.3) requirements. As specified in NLP-3-18, this activity
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 procedurally
controlled as TBV (to be verified). The calculation design inputs or information used in this
document comes 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 5 and
identified in Section 7. The information is therefore not treated as unqualified data.
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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 Calvert
Cliffs pressurized water reactor (PWR), a computational model was developed for use with the
SAS2H module of SCALE. The SAS2H module is used to perform a fuel depletion analysis to
predict the isotopic concentrations in localized areas of assembly pins (pellet samples) subsequent
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
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 5.11. References 5.4 and 5.5
provide information on molar masses and half-lives; the assembly design, power history and
operating parameters are obtained from References 5.6 through 5.9; the cladding composition from
Reference 5.10; and a list of trace elements in the fuel is derived from Reference 5.11.

4.1 Design Parameters

The half-lives of selected isotopes and molar masses of selected elements are obtained from
Reference 5.4, while molar masses for selected isotopes are 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,
Half-Life of ®"Np = 2.14 x 10° years,
Half-Life of ' Am = 432.7 years,

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

Mole of *'Np =237 g,

Mole of *'Am = 241 g. (Reference 5.5)

General spent fuel characteristics for each pellet sample are presented in Table 4-1 and include the
initial 2**U enrichment, final burnup and the cooling time (Table 2, Reference 5.6). The initial
enrichment ranges from 2.453 to 3.038 wt% **°U and the burnup ranges from 18.68 to 46.46
GWd/MTU. The cooling time for the samples from assembly D047 is 1,870 days, for assembly
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D101 is 2,374 days, and for assembly BTO03 is 2,447 days.

Assembly design parameters are presented in Table 4-2 (Table 3, Reference 5.6; and Table 4.0-1,
Reference 5.7). The design is a Combustion Engineering 14 x 14 assembly with 5 guide tube
positions. Assembly BT03 was used for testing materials and contains four non-fuel rods, one in
each corner, and 12 poison rods in place of 16 fuel rods. The non-fuel rod dimensions and the
burnable poison rod composition and dimensions for Assembly BTO03 are included in Tables 4-3
through 4-4 (Table 5.0-1, Reference 5.8; Table 2.1-23, Reference 5.9). A cross section of the
assemblies are presented in Figures 4-1 through 4-3 (Figures 5 through 6, Reference 5.6). The initial
enrichment of 2*U, U, 2%U and ?*U for each assembly type is given in Table 4-5 (Table 4,
Reference 5.6).

The operating parameters in Table 4-7 include the cumulative burnups, average specific powers,
average cycle boron concentrations and the fuel temperatures (Table 5, Reference 5.6). Assembly
D047 was irradiated for cycles 2 through 5, D101 for cycles 2 through 4 and BT03 for cycles 1
through 4. Power history, in the form of linear heat generation rates (LHGRs), is only available for
assembly D047, Table 4-6, which is used to determine the cycle cumulative burnup, Table 4-7,
(Table 6, Reference 5.6). The LHGRs are used to sum the interval linear burnups over the entire
cycle and are then normalized to the final burnup to produce the cumulative burnups. Assembly
D101 resided in the reactor three cycles in which assembly D047 was present, and the axial locations
of samples from D101 are approximately the same as those for samples from assembly D047.
Therefore, the same methodology was applied for determining cumulative burnups for assembly
D101 as that used for assembly D047, using the LHGRs of assembly D047 from cycles 2 through
4 (p. 19, Reference 5.6). For assembly BT03 the cumulative burnup for the entire rod was known
and evaluated against the rod’s final burnup. Then the cycle burnup fraction was applied to the
sample’s final burnup to determine the cumulative burnups (p. 19, Reference 5.6). The specific
powers for each sample in Table 4-7 were determined from the cycle lengths and cumulative
burnups. Fuel temperatures were known only for assembly D047 and are also included in Table 4-7
(Table 6, Reference 5.6).

Table 4-8 includes the moderator temperature and density (Table 7, Reference 5.6). The moderator
temperatures obtained were based on a sinusoidal function of position, and inlet and outlet moderator
temperatures of 543.2°F and 593.6°F, respectively. The moderator density was determined from
the moderator temperature and the nominal pressure of 2247 psia (p. 23, Reference 5.6). The boron
concentration for cycles 2 through 5 was determined by taking the first and last interval boron
concentrations from the LHGR tables to linearly extrapolate the boron concentrations at the
beginning and end of the cycle, which were used to calculate the cycle average boron concentration.
It was assumed that the boron concentration for cycle 1 was the same as the concentration in cycle
2 (p. 19, Reference 5.6).

The composition of the cladding, Zircaloy-4, is presented in Table 4-9, and has a density of 6.56
g/cm® (Reference 5.10). A list of trace elements in the fuel used in updating cross sections during
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the depletion analysis is presented in Table 4-10 and developed with consideration of elements used
in (Table 1, Reference 5.11). A generic set of light element weights for PWRs that is typically used
in depletion analyses is included in Table 4-11 (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. .

Measured isotopic concentrations are presented in Tables 4-12 and 4-13 and are given in g/gUO, and
Ci/gUQ,, respectively (Tables 19 through 24, Reference 5.6). The measurements were performed
at the Materials Characterization Center at Pacific Northwest Laboratory for fuel pellets at different
axial positions in rod MKP-109 of assembly D047, rod MLLA-098 of assembly D101, and rod NBD-
107 of assembly BT03. Measured isotopic data is more complete for assembly D047; however,
isotopic concentrations for assemblies D101 and BTO3 do include the major actinides. The
measurement uncertainty was obtained for assembly BTO03 and is as follows: atom % bumnup
uncertainty of +2.5%, Pu uncertainty of + 1.6%, U uncertainty of + 1.6%, ®Tc uncertainty of + 3.5%
and *’Np uncertainty of + 1.9% (Table 4.15, Reference 5.12). :

Table 4-1. Spent Fuel Characteristic .Parameters for Calvert Cliffs PWR

Assembly Rod Axial Location Enrichment, Burnup, Cooling
from Bottom of wt % 35U GWd4d/MTU Time,
Assembly, days
cm
D047 MKP109 13.20 3.038 27.35 1870
27.70 3.038 37.12 1870
165.22 3.038 44.34 1870
D101 | MLA098 8.90 2.72 18.68 2374
24.30 2.72 26.62 2374
161.70 2.72 33.17 2374
BTO03 NBD107 11.28 2.453 31.40 2447
19.92 2.453 37.27 2447
161.21 2.453 46.46 2447

Reference 5.6
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Table 4-2. Assembly Design Parameters for Calvert Cliffs PWR

Parameter Data

Assembly ID D047 and D101 BTO03
Assembly general data: ‘

Designer Combustion Engineering Combustion Engineering

Lattice 14x 14 14x 14

Number of Fuel Rods 176 160

Number of Guide Tubes 5 5

Number of Non-Fuel Rods 0 4

Number of Poison Rods 0 12

Assembly Pitch, cm 20.78 20.78
Fuel Rod Data:

Type of Fuel Pellet U0, U0,

UO, Density, % Theoretical (g/cm®) 94.75 (10.385%) 93.0 (10.193%)

UO, Stack Height Density, g/cm’ 10.018 10.054

Rod Pitch, cm 1.4732 1.4732

Rod Outside Diameter (OD), cm 1.1176 1.1176

Rod Inside Diameter (ID), cm 0.9855 0.9754

Pellet Diameter, cm 0.9563 0.9639

Active Fuel Length, cm 347.22 347.22

Clad Material Zircaloy-4 Zircaloy-4
Guide Tube Data:

Inner Radius, cm 1.314 1.314

Outer Radius, cm 1.416 1.416

Tube Material Zircaloy-4 Zircaloy-4

*UO, density is based on a theoretical density of 10.96 g/cm’.

References 5.6 and 5.7
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Figure 4-1. Location of Fuel Rod MKP109 in Assembly D047

MKP
109
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O Guide Tube Location

Reference 5.6
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Figure 4-2. Location of Fuel Rod MLLA098 in Assembly D101
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Reference 5.6
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Figure 4-3. Location of Fuel Rod NBD107 in Assembly BT03
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Reference 5.6
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Table 4-3. Burnable Absorber and Test Rod Description for Assembly BT03

Burnable Absorber Rod
Pellet Outside Diameter, cm 0.955
Clad Inside Diameter, cm 0.9855
Clad Outside Diameter, cm 1.1176
Pellet Material B,C- Al,O,
Absorber Clad Material Zircaloy-4
Test Rod
(Voids are dry gas)
Stainless Steel Tube Inner Diameter, cm 0.660
Stainless Steel Tube Outer Diameter, cm 0.945
Clad Inner Diameter, cm 0.9855
Clad Outer Diameter, cm 1.1176
Clad Material Zircaloy-4
References 5.8 and 5.9
Table 4-4. Burnable Absorber Atom Densities
Element/Isotope Density, atoms/barn-cm
Al 0.039
o : 0.058
C 0.00107
B-10 0.000859
B-11 0.00344

Reference 5.9
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Table 4-5. Fuel Com

osition by Assembly

Parameter D047 D101 BTO03
Enrichment,
wt % U 3.038 2.72 2.453
wt % U 0.027 0.024 0.022
wt % 26U 0.014 0.013 0.011
wt % 38U 96.921 97.243 97.514
Reference 5.6

Table 4-6. Power History and Boron Concentrations for Assembly D047

Interval (days) * Average Soluble LHGR, kW/ft
Boron, ppm Axial Height of Axial Height of Axial Height of
13.20 cm 27.70 cm 165.22 cm
Cycle No. 2 (3-22-77 to 1-22-78)

7.0 654 20 3.04 5.42
30.8 614 2.73 4.08 6.64
16.3 563 2.80 4.18 6.60
11.4 533 2.86 426 6.60
12.5 507 294 434 6.56
237 468 3.01 443 641
22.8 418 3.16 4.61 6.44
232 368 327 473 6.37
8.1 333 3.30 4.75 6.34
314 290 3.48 4.95 6.34
343 218 3.59 5.05 6.53
16.4 162 3.5 5.25 6.38
19.2 122 3.75 5.21 6.26
12.8 86 3.81 5.28 630
34.2 36 3.63 498 595
1.9 0 3.64 4.98 5.96
71.0 0 0 0 0
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Table 4-6. Power History and Boron Concentrations for Assembly‘ D047
Interval (days) Average Soluble LHGR, kW/ft
Boron, ppm Axial Height of Axial Height of Axial Height of
13.20 cm 27.70 cm 165.22 cm
Cycle No. 3 (4-3-78 t0 4-20-79)

7.9 883 2.63 3.85 7.47
14.4 862 2.71 3.95 7.20
19.7 837 2.14 3.11 5.04
16.8 808 3.18 4.58 7.79
16.3 775 3.35 481 7.78
154 741 3.74 5.33 8.16
39.1 684 3.71 5.23 7.45
31.2 611 395 5.50 7.37
31.8 545 4.08 5.64 7.20
31.8 478 4.20 5.75 7.02
443 368 4.38 5.93 6.93
25.0 291 0 0 0

59.1 224 4.67 6.20 6.89

289 120 4.95 6.52 7.12 ‘
81.0 83 0 0 0
Cycle No. 4 (7-10-79 to 10-18-80)

46.1 960 2.79 3.97 6.59
24.0 889 291 4.11 6.54
22.6 827 3.07 4.29 6.43
25.7 759 3.29 4.56 6.33
30.2 706 1.58 2.17 3.05
41.2 788 1.79 2.46 3.18
50.3 720 1.72 235 3.00
11.0 673 3.18 433 5.23
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Table 4-6. Power History and Boron Concentrations for Assembly D047

Interval (days) Average Soluble LHGR, kW/ft
Boron, ppm Axial Height of Axial Height of Axial Height of
13.20 cm 2770 cm 165.22 cm
328 527 393 531 6.17
235 460 4.07 5.42 6.12
29.4 370 4.05 5.35 5.95
28.1 301 4.25 5.56 6.07
65.4 191 4.42 5.67 5.98
35.7 73 4.62 5.87 6.02
85.0 31 0 0 0
Cycle No. 5 (1-11-81 to 4-17-82)

55 911 2.15 291 4.80
6.6 896 2.20 298 4.80
28.6 854 2.36 3.15 4.79
31.2 784 2.54 3.36 4.72
27.0 715 2.66 3.52 4.73
227 655 2.77 3.63 4.71
27.1 603 2.46 3.22 4.05
55.2 521 2.81 3.64 4.34
209 434 3.17 4.08 4.75
41.9 356 332 4.24 4.79
21.6 281 3.38 430 4.80
27.6 226 3.21 4.04 4.49
19.0 173 3.57 4.49 4.87
61.2 79 3.05 3.79 4.00

Reference 5.6
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Table 4-7. Operating Data for Calvert Cliffs PWR

Sample Cycle 1 Cycle 2 Cycle3 | Cycle 4 Cycle §
Uptime, days 816.0 306.0 381.7 466.0 461.1
Downtime, days 81.0 71.0 81.3 - 85.0 See Table 4-1
Cumulative Burnup, D047, 13.20 cm - 5.28 12.69 20.63 27.35
GWIMTU D047, 27.70 cm - 7.56 17.78 28.42 37.12
'D047, 165.22 cm - 9.52 2193 34.14 44.34
D101,9.10 cm - 478 11.49 18.68 -
D101, 24.50 cm - 7.08 16.65 26.62 -
D101, 161.90 cm - 9.25 21.31 33.17 -
BT03,11.28 cm 14.59 20.31 25.29 31.40 -
BTO03, 19.92 cm 17.32 24.10 31.02 37.27 -
BT03, 161.21 cm 21.59 30.05 37.42 46.46 -
Specific Power, D047, 13.20 cm - 17.24 19.43 17.04 14.57
MWMTU D047, 27.70 cm - 24.72 26.76 22.84 18.87
D047, 165.22 cm - 31.12 3251 26.20 22.12
D101, 9.10 cm - 15.61 17.59 15.43 -
D101, 24.50 cm - 23.15 25.06 21.39 -
D101, 161.90 cm - 30.24 31.58 25.46 -
BTO03, 11.28 cm 17.88 18.67 13.06 13.10 -
BT03,19.92cm 21.22 22.16 15.51 15.55 -
BTO03, 161.21 cm 26.46 27.62 19.33 19.39 -
Fuel Temperature, K D047, 13.20 cm - 829 850 7175 709
D047, 27.70 cm - 940 927 | 793 712
D047, 16522 cm - 997 958 794 747
Boron Concentration, 330.8 330.8 469.4 503.7 492.1
ppm

Reference 5.6
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Table 4-8. Moderator Conditions for Calvert Cliffs PWR

Assembly Axial Total Moderator Temperature Density of
Location, Burnup, - Moderator,
cm GWd/MTU °F K g/em’
D047 13.20 - 27.35 543.4 557 0.7575
27.70 37.12 544.0 558 0.7569
165.22 4434 566.5 570 0.7332
D101 9.10 18.68 543.3 557 0.7576
24.50 26.62 5438 558 0.7571
161.90 33.17 565.7 570 0.7341
BTO3 11.28 31.40 5433 557 0.7576
19.92 37.27 543.6 557 0.7573
161.21 46.46 565.6 570 0.7342
Reference 5.6
Table 4-9. 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 5.10
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Table 4-10. Nuclides Updated in SAS2H

83Kr BSKI. 89Y 9OSr 95M0 9321.
Zr *Nb %Zr *Tc %Ry %Rh
1%Rh 1%Ru 195pq 1%8pq ®Ag 1245b
BiXe BZXe 34Cs Xe 3Cs 3Xe
1*Ba Cs La 141pr 143py 3Nd
4Ce "Nd INd “TPm Sm 148pm
145Sm 150§ m 51Sm 2Sm ' Eu 13Eu
lSSGd lSSEu
Reference 5.11
Table 4-11. Light Element Mass per Unit of Fuel for a Typical PWR
Element kg/MTUO,

o 119.0

Cr 52

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 4-12. Measured Concentrations of Actinides and Fission Products (g/gU0O,)

Assembly D047 D047 D047 D101 D101 D101 BT03 BTO03 BTO03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24.30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm
By 1.6E-4 1.4E-4 1.2E-4 1.400E-4 1.210E-4 1.200E-4 1.53E-4 1.27E-4 7.49E-5
By 8.47E-3 5.17E-3 3.54E-3 1.025E-2 6.940E-3 4.780E-3 3.86E-3 2.71E-3 1.406E-3
By 3.14E-3 3.53E-3 3.69E-3 2.500E-3 2.990E-3 3.260E-3 2.86E-3 3.03E-3 3.04E-3
By 8.425E-1 8.327E-1 8.2486E-1 8.551E-1 8.538E-1 8.422E-1 8.446E-1 8.438E-1 8.272E-1
%'Np 2.68E-4 3.56E-4 4.68E-4 - - - - - -
Bipu 1.01E-4 1.89E-4 2.69E-4 4.850E-5 9.690E-5 1.483E-4 1.426E-4 1.947E-4 2.842E-4
Hpy 4.264E-3 4.357E-3 4357E-3 3.954E-3 4.252E-3 4.187E-3 3.814E-3 3.835E-3 3.766E-3
Hopy 1.719E-3 2.239E-3 2.543E-3 1.243E-3 1.766E-3 2.111E-3 2.067E-3 2.321E-3 2.599E-3
Hipy 6.81E-4 9.03E-4 1.020E-3 4.543E-4 6.822E-4 8.125E-4 7.260E-4 8.130E-4 8.862E-4
Uipy 2.89E-4 5.76E-4 8.40E-4 1.394E-4 3.301E-4 5.474E-4 5.463E-4 | 7.753E-4 1.169E-3
1Nd 6.13E-4 7.16E-4 7.63E-4 - - - - - .
1SNd '5.10E-4 6.53E-4 7.44E-4 - - - - - -
1¥Sm 2.9E-6 3.0E-6 4.7E-6 - - - - - -
19Sm 2.07E-4 2.71E-4 3.61E-4 - - - - - -
53Sm 8.7E-5 1.04E-4 1.21E-4 - - - . - -
'$Eu 7.9E-5 1.09E-4 1.48E-4 . - - - - -

Reference 5.6
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Table 4-13. Measured Concentrations of Fission Products (Ci/gUQO,)
Assembly D047 D047 D047 D101 D101 D101 BTO03 BT03 BTO03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24.30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 em

"Tec 9.59E-6 1.23E-5 1.35E-5 7.07E-6 9.37E-6 1.13E-5 7.70E-6 8.96E-6 1.09E-5
®Np - - - 1.23E-7 2.11E-7 241E-7 1.84E-7 2.26E-7 2.66E-7
HAm 8.56E-4 1.18E-3 1.31E-3 6.67E-4 991E-4 1.20E-3 1.18E-3 1.46E-3 2.18E-3

Reference 5.6
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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 5.15) provides requirements for engineered barrier segment design.
The Repository Design Requirements Document (RDRD, Reference 5.16) provides requirements
for repository design. The Controlled Design Assumptions Document (Reference 5.17) provides
guidance for requirements listed in the EBDRD and RDRD which have unqualified or unconfirmed
data associated with the requirement.

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 multiplication 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

4.3.1 Due to lack of data, the boron concentration in cycle 1 is assumed to be equal to the
concentration in cycle 2. The basis for this assumption originates in Reference 5.6 and is
used because average boron concentrations do not typically vary greatly from cycle to cycle.
This assumption is used in Section 7.2.

4.3.2 The cladding temperature could not be obtained, therefore, a cladding temperature of 620 K
is assumed for each sample. The basis for this assumption is that the value is consistent with
the expectation that the cladding temperature is closer to the moderator temperature than it
is to the fuel temperature. Furthermore, it is expected that the cladding temperature will not
significantly effect the resulting isotopic concentrations, since the composition contains no
nuclides that are strong neutron absorbers. 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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6. Use of Computer Software

A. Reference 5.13 describes the SAS2H module of SCALE 4.3 that is used with the
44GROUPNDFS 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 5.14, in accordance with the QAP-
SI series procedures. SCALE is obtained from the Software Configuration 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.

B. 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 Analysis

The SAS2H module of SCALE 4.3 is used to perform one-dimensional (1-D) neutron transport and
point depletion analyses on the Calvert Cliffs samples using the preferred 44GROUPNDEFS 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, using the stack density and isotopic weight percentages from
Tables 4-2 and 4-5, respectively. Fuel temperatures for the samples from assembly D047 are
presented in Table 4-7; however, no fuel temperatures for samples from the other assemblies could
be obtained. Therefore, these temperatures are approximated by performing a regression analysis,
based on specific power, on the available temperatures. The resulting temperatures are reported in
Table 7-1. The temperature used during the first cycle of irradiation is input in data block 4. The
other cycle temperatures are input in data block 9. Isotopes which are selected as needing their cross
sections updated during the depletion analysis are included in the fuel mixture. A standard list of
trace fuel elements is given in Table 4-10 and defined in the fuel mixture to have a concentration of
10 atoms/barn-cm.
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Table 7-1. Fuel Temperatures (K) for Assemblies D101 and BT03

Regression Regression
Slope Intercept
13.79207 521.6644 K
K/(MW/MTU)

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle §
D101,9.10 cm - 737 764 734 -
D101, 24.50 cm - 841 867 817 -
D101, 161.90 cm - 939 957 873 -
BT03, 11.28 cm 768 779 702 702 -
BT03, 19.92 cm 814 827 736 736 -
BTO03, 161.21 cm 887 903 788 789 -

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 4-9. The cladding temperature could not be obtained,
therefore, a cladding temperature of 620 K is assumed for each sample. This value is consistent with
the expectation that the cladding temperature is closer to the moderator temperature than the fuel
temperature. Furthermore, it is expected that the cladding temperature will not significantly effect -
the resulting isotopic concentrations.

The moderator temperature, density and boron concentration are given in Tables 4-7 and 4-8, 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 cycle
irradiated, and a standard boron composition of from the Standard Composition Library designated
as 5000.

Three additional mixtures must be specified. These are the Zircaloy-4 cladding of the poison rod,
the composition of the poison rod and the air in between the poison rod and cladding. The air
between the poison rod and the cladding is given the mixture number of 4, and is defined as nitrogen
with an atom density of 5 x 10° atoms/barn-‘cm, and a temperature equal to the moderator
temperature. The poison rod cladding of Zircaloy-4 is given the mixture number of 5 with a
temperature also equal to the moderator temperature. Finally, the poison rod composition is given
a mixture number of 6 with atom densities from Table 4-4 and a temperature equal to the moderator
temperature. '
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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 Metric Ton of Uranium Dioxide (MTUOQ,), using
the following equation:

1 10% Uo,
*
IMTUO,

Length = Equation 7-1

—}(POD)Z(PDen)(NFR)

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 grams of isotope per gram UQO, and SCALE
presents concentrations in grams of isotope per assembly, it is possible to alter the length so that the
assembly contains 1 MTUOQO,. This is possible since the 1-D transport calculation is axially
independent. Consequently, the length of the assembly does not impact the neutron flux spectrum
nor the nuclide cross sections. The resulting calculated lengths for the Calvert Cliffs assemblies are
789.64 cm for assemblies D047 and D101, and 851.90 cm for assembly BT03.

Assembly D047 was irradiated for 4 cycles, D101 for 3 cycles and BTO3 for 4 cycles. 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 five. 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 are nine and are determined from Table 4-
11, while the number of zones are five for assemblies D047 and D101, and six for assembly BT03,
which are determined by the Path B model described in Section 7.4.
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7.4  SCALE Input Data Block 8

Two different Path B models are required for Calvert Cliffs assemblies. For assemblies D047 and
D101, the Path B model centralizes the guide tube with a surrounding homogenized fuel and
moderator mixture which is further surrounded by the moderator between assemblies. Assembly
BTO03 with burnable poison and test rods, uses a Path B model with a central poison rod, a
surrounding homogenized fuel and moderator mixture and further surrounded by the moderator
between assemblies. The neutron flux in the samples is assumed to not be effected by the test rods
because samples are taken from a rod next to the guide tube in the center of the assembly and the test
rods are at the corners of the assembly. Therefore, the test rod material is not included in the Path
B model.

For assemblies D047 and D101, the equations below are used to determine the number of fuel unit
cells that surround the guide tube for the Path B model, 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 7-2, and the resulting Path B model
dimensions are presented in Table 7-3.
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Eycucmv)
M = Equation 7-2
(FV) _(H)(M V)

. (NFR)( ~)(POD)*
= - - Equation 7-3
(NFR)[RP 2-(Z)(C'OD)ZI +NGD)[(2 *RP)Z—(Z)(GTOD)2+(Z)(GTYD)2]

X |

CUCMV=(2+RP)?- ( NGTOD)?+(Z )(GTID)2 Equation 74
FV=(%)(POD)2 Equation 7-5
MV=RP2—(—:—)(COD)2 Equation 7-6

Where:
x = Number of Unit Fuel Cells per Centralized Guide Tube
F/M = Fuel to Moderator Volume Ratio
NFR = Number of Fuel Rods
POD = Fuel Pellet Outer Diameter
RP = Rod Pitch
COD = Cladding Outer Diameter
NGT = Number of Guide Tubes
GTOD = Guide Tube Outer Diameter
GTID = Guide Tube Inner Diameter
CUCMY = Central Unit Cell Moderator Volume
FV = Fuel Volume of One Fuel Unit Cell
MYV = Moderator Volume of One Fuel Unit Cell

Once the number of fuel cells per guide tube is determined the geometry of the Path B model is
calculated. Since the guide tube is centralized, the dimensions of the guide tube are the same as
those presented in Table 4-2.

The radius for the moderator surrounding the guide tube but still within the guide tube’s 2 x 2 cell,
is calculated with the following equation:
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5= (l)(z *RP)? Equation 7-7
T
Where:

R, = Radius 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(ORAR?-IRAR? Equation 7-8

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

The area of the homogenized fuel zone surrounding the guide tube’s 2 x 2 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:

R,=|(Z)RP?+R} Equation 7-9
T
Where:
R, = Radius of Homogenized Fuel and Moderator Zone

The mixture number of the homogenized fuel and moderator mixture must be specified as S00. The
code then determines the composition of the region using cell averages or homogenized densities
of the fuel-pin-cell. :

The moderator in the channel 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
pitch multiplied by the number of unit cells. The radius of the moderator between assemblies is
calculated from the following equation:
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- | ap2 (NC)(RPA)]+R? Equation 7-10
Rymy| AP - CaRP?) ]
Where:

R, = Radius of Moderator Surrounding Assembly Zone
NCell = Number of Cells in Assembly
AP = Assembly Pitch

For assembly BTO03, the poison rod is centralized and the Path B model dimension for zones 1
through 3 are the poison rod pellet radius, poison rod inner cladding radius and poison rod outer
cladding radius, with compositions of poison rod, air and cladding, respectively. These dimensions
and compositions are obtained from Tables 4-3 and 4-4.

The number of fuel unit cells needed for each centralized burnable absorber unit cell is calculated
by Equation 7-2 with an exception to Equations 7-3 and 7-4. Since the centralized unit cell is
different, Equations 7-3, 7-4, 7-7 and 7-10 are modified to reflect such conditions and are shown
below:

(NFR)(%)(POD)Z

F_
M_ 2 N 2 2 T 2. 2
(NFR)[RP -(Z)(COD) ]+(NGT)[(2+RP) -(Z)(GTOD) +(Z)(GT1D) ]+
(NBPR) [RPZ—(;;—)(COD)Z] +(NNFR)[RP2—(§)(COD)2] Equation 7-11
CUCMV=(RP)2—(-E)(COD)2 Equation 7-12
Ry= (l)RP2 Equation 7-13
T
2 N + 3 .
Ry= \J NCelI{AP ~(NCI\(RP?)+R? Equation 7-14

Where:
NNFR = Number of Non-Fuel Rods
NBPR = Number of Burnable Poison Rods

Equations 7-5, 7-6, and 7-8 are used without modification and Equation 7-9 is used to determine the
radius of zone 5 of the Path B model.
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Table 7-2. Calculation of Fuel Unit Cell per Guide Tube Unit Cell
Assembly FM CUCMYV, cm? FV, cm? MV, cm’ X
D047 and D101 0.5090 7.8065 0.7183 1.1893 35.2000
BTO03 0.4701 1.1893 0.7297 1.1893 3.2774
Table 7-3. Path B Model Dimensions
D047 and D101 BTO03
Radius, cm Composition | Radius, cm Compesition
R, 1.3140 Moderator - 0.4775 Poison Rod
R, 1.4160 Cladding 0.4928 Air
R, 1.6623 Moderator 0.5588 Cladding
R, 5.2039 Fuel 0.8312 Moderator
R, 5.2431 Moderator 1.7190 Fuel
R, NA NA 1.7319 Moderator
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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 specified in units of MW/MTUQ, and
must be converted from the average specific powers given in Table 4-7 with the relation of 238 g U
is equal to 270 g UO,, Table 7-4. The irradiation period and length of downtime are both defined
in days with values presented in Table 4-7. The moderator density is constant over all cycles and
the boron fraction is determined by dividing the cycle average boron concentration by the boron
concentration specified in data block 4, Section 7.2. The individual cycle temperatures are calculated
as described in Section 7.2 with values given in Table 7-1. The boron fraction is specified with the
command ‘bfrac=" and the temperature with ‘temkcyc=". Values for the specific power and boron
fraction are presented in Table 7-4.

Table 7-4. Specific Power and Boron Fractions

Cyclel | Cycle2 | Cycle3 | Cycled | Cycle§
Boron Fraction 1 1 1.419 1.523 1.488
Specific Power, MW/MTUO,
D047 MKP109, 13.20 cm - 15.197 | 17.127 | 15.020 | 12.843
D047 MKP109, 27.70 cm - 21.790 | 23.588 | 20.133 16.634
D047 MKP109, 165.22 cm - 27.432 | 28.657 | 23.095 19.498
D101 MLA098,9.10cm | - 13760 | 15.505 | 13.601 -
D101 MLA09S8, 24.50 cm - 20406 | 22.090 | 18.855 -
D101 MLA098, 161.90 cm - 26.656 | 27.837 | 22.443 -
BT03 NBD107,11.28 cm | 15.761 16457 | 11.512 | 11.547 -
BT03 NBD107,19.92 cm | 18.705 19.534 | 13.672 | 13.707 -
BT03 NBD107,161.21 cm | 23.324 | 24.347 | 17.039 | 17.092 -

Light elements and their effective weight, in kg per assembly, are entered in data block 10. Table
4-11 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 MTUQ, is appropriate.
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Data blocks 11 through 15 describe parameters used in the radial shielding analysis of a shipping
cask and are not necessary in performing the depletion analysis. Data block 16 denotes the end 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 between the measured and the calculated value is divided by the
measured value to determine 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 4-12 have units of g of isotope per g of UO,, while
calculated concentrations presented in Table 7-5 have units of g of isotope per Metric Ton of UQ,,.
Therefore, the measured concentrations must be multiplied by 10 gUO,/MTUOQ, to obtain similar
units. Included in Table 7-6 are the total Uranium and total Plutonium concentrations, which are
determined by summing the concentrations for all reported isotopes of the particular element.

Measured concentrations are presented in Table 4-13 with units of Curies per g UO,. The activity
of a particular isotope per gram UO, is converted to grams of that isotope per gram UQO, using the
half-life and molar mass presented in Section 4.1 and the following equation:

Yy )=( XCi

gUO, " gUO

10 7.
)(3.7::10 Bq)(l)(3.16x10 s)( 1mole )(Mass) Equation 7-15

(
2 Gi . A Lyr 6.02x10%atoms 1mole

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

In(2)
%

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

A=

(yr')

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

SAS2H predicted isotopic concentrations are presented in Table 7-5. 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. Included in Table 7-6 are the total Plutonium and total Uranium
measured concentrations. Calculated concentrations are compared with measured concentrations
as described in Section 7.6 to determine the accuracy of the SAS2H code. Results of the
comparison, in the form of percent differences, are presented in Table 7-7.
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Table 7-5. Calculated Concentrations (g/MTUOQO,)

Assembly D047 D047 D047 D101 D101 D101 BTO03 BTO03 BTO03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24,30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm
"Tc 5.96E2 7.74E2 8.93E2 4.20E2 5.78E2 6.98E2 6.56E2 7.59E2 9.05E2
By 1.59E2 1.38E2 1.22E2 1.58E2 1.40E2 1.28E2 1.18E2 1.09E2 9.76E1
»y 8.33E3 5.06E3 3.30E3 1.03E4 7.05E3 5.16E3 4.66E3 3.29E3 1.95E3
By 3.23E3 3.65E3 3.75E3 2.44E3 2.93E3 3.18E3 291E3 3.05E3 3.13E3
By 8.37ES 8.30E5 8.24E5 8.46ES 8.40ES5 8.35ES 8.37E5 8.33E5 8.25ES
B'Np 2.78E2 4.00E2 5.01E2 1.67E2 2.64E2 3.46E2 3.10E2 3.67E2 4.48E2
Pu 9.56E1 1.83E2 2.48E2 38IE1 8.88E] 1.48E2 1.48E2 2.00E2 2.90E2
»pu 3.67E3 3.71E3 4.52F3 3.38E3 3.42E3 3.46E3 3.52E3 3.38E3 3.32E3
Hopy 1.80E3 2.28E3 2.53E3 1.32E3 1.89E3 2.25E3 2.26E3 2.49E3 2.75E3
Hipy 6.66E2 8.51E2 9.95E2 4.25E2 6.48E2 7.99E2 7.23E2 7.95E2 8.82E2
Uipy 3.37E2 6.67E2 8.44E2 1.50E2 3.74E2 6.16E2 5.73E2 8.13E2 1.21E3
#Am 2.37E2 2.95E2 3.42E2 1.80E2 2.71E2 3.30E2 3.47E2 3.71E2 3.96E2
'Nd 6.24E2 7.29E2 1.75E2 - - - - - -
“Nd 5.09E2 6.48E2 7.38E2 - - - - - -
Sm 1.87E0 2.03E0 2.23E0 - - - - - -
*'Sm 2.07E2 2.98E2 3.67E2 - - - - - -
3Sm 1.00E2 1.30E2 1.51E2 - - - - -
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Table 7-5. Calculated Concentrations (g/MTUOQO,)

Assembly D047 D047 D047 D101 D101 D101 BTO03 BTO03 BTO03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24,30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm
SEu 7.96E1 1.21E2 1.51E2 - - - - - -

Total U 8.49E+05 8.39E+05 8.31E+05 8.59E+05 8.50E+05 8.43E+05 8.45E+05 8.39E+05 8.30E+05
Total Pu 6.57E+03 7.69E+03 9.14E+03 5.31E+03 6.42E+03 7.27E+03 7.55E+03 7.68E+03 8.45E+03
Table 7-6. Measured Concentrations of Total Pu and U (g/gUO,)
Assembly D047 D047 D047 D101 D101 D101 BTO03 BT03 BTO03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24'3,0 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm
Total U 8.54E-01 8.42E-01 8.32E-01 8.68E-01 8.64E-01 8.50E-01 8.51E-01 8.50E-01 8.32E-01
Total Pu 7.05E-03 8.26E-03 9.03E-03 5.84E-03 7.13E-03 7.81E-03 7.30E-03 7.94E-03 8.70E-03
Table 7-7. Percent Difference Between Measured and Calculated [(C/M-1)* lOOj
Assembly D047 D047 D047 D101 D101 D101 BT03 BTO03 BT03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24.30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm
*Tc 5.27 6.59 12.04 0.62 4.48 4.63 4430 43.48 40.63
By -0.63 -1.43 1.67 12.86 15.70 6.67 -22.88 -14.17 30.31
By -1.65 -2.13 -6.78 0.49 1.59 7.95 20.73 21.40 38.69
By 2.87 3.40 1.63 -2.40 -2.01° -2.45 1.75 0.66 2.96
By -0.65 -0.32 -0.10 -1.06 -1.62 -0.85 -0.90 -1.28 -0.27
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Table 7-7. Percent Difference Between Measured and Calculated [(C/M-1)*100]

Assembly D047 D047 D047 D101 D101 D101 BTO03 BT03 BT03
Axial Height 13.20 cm 27.70 cm 165.22 cm 8.90 cm 24.30 cm 161.70 cm 11.28 cm 19.92 cm 161.21 cm

»'Np 373 12.36 7.05 -4.48 -11.98 1.00 18.53 14.24 18.49
ZpPu -5.35 -3.17 -7.81 -21.44 -8.36 -0.20 3.79 2.72 2.04
ad -13.93 -14.85 3.74 -14.52 -19.57 -17.36 -1.71 -11.86 -11.84
#py 4.71 1.83 -0.51 6.19 7.02 6.58 9.34 7.28 5.81
Uipy -2.20 -5.76 -2.45 -6.45 -5.01 -1.66 -0.41 221 -0.47
#ipy 16.61 15.80 0.48 7.60 13.30 12.53 4.89 4.86 3.51
#'Am -5.26 -14.46 -10.67 -7.66 -6.43 -5.90 0.62 -13.05 -37.85
Nd 1.79 1.82 1.57 - - - - - -
“SNd -0.20 -0.77 -0.81 - - - - - -
*Sm -35.52 . -32.33 -52.55 - - - - - -
'Sm 0.00 9.96 1.66 - - - - - -
2Sm 14.94 25.00 24.79 - - - - - -
SEu 0.76 11.01 2.03 - - - - - -

Total U -0.65 -0.32 0.12 -1.05 -1.59 -0.81 -0.80 -1.20 -0.19

'fotal Pu -6.88 -6.93 1.20 -9.01 -9.91 -6.83 -0.99 -3.29 -2.90




Waste Package Development Design Analysis

Title: SAS2H Analysis of Radiochemical Assay Samples From Calvert Cliffs PWR Reactor
Document Identifier: BOO000000-01717-0200-00138 REV 00 Page 39 of 41

8. Conclusions

The accuracy in which the SAS2H module is able to predict isotopic concentrations is indicated by
the percent differences presented in Table 7-7. Inspection of such results reveals that the code has
a tendency to over-predict *Tc, ***Pu, and **Pu, while it tends to under-predict **Pu, **'Am, and
%Sm. Furthermore, some calculated concentrations vary widely from the measured concentration,
for example, ?*U ranges from -22.88% to 30.31%. 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 27burnuplib 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 are few differences between
the models of assemblies D047 and D101 in Reference 5.6 and the models for those assemblies
contained within, it is believed that the discrepancy between calculated concentrations for plutonium
isotopes is caused by a change in the cross section library. However, since there is a significant
difference in the Path B model for assembly BT03 from Reference 5.6 and the model for that
assembly contained within, it cannot be determined what is responsible for the differences between
calculated concentrations.

Uncertainty in the measured concentration of each isotope helps to explain the deviation of the
calculated concentrations from the measured concentrations. For example, the calculated
concentration of total U is always within the +1.6% measurement uncertainty. However, such is not
always the case for the total Pu, *Tc or *’Np, which generally deviate only slightly more than the
measurement uncertainty. For these, the deviation (not accounted for by the measurement
uncertainty) may be explained by the lack of detailed operating data. For instance, calculated
concentrations for samples from assembly BTO3 deviate much more than the calculated
concentrations for samples from the other assemblies for the isotopes of *Tc, U, and *'Am. This
may be a result of the Path B model containing an effective infinite array of BT03 assemblies, while
in reality there were few BT03 assemblies in the core. Therefore, the neutron spectrum calculated
by SAS2H would be slightly different than the actual spectrum effecting the calculated
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.
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In general, the SAS2H module of SCALE is adequate in predicting isotopic concentrations for
samples from Calvert Cliffs, 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. The measurement uncertainty does account for some deviation
between measured and calculated concentrations. More detailed operating data would be expected
to improve the accuracy of the calculated concentrations in relation to the corresponding
measurements. It is recommended that future analyses use more detailed data if possible.
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9, Attachments

Attachment I includes nine pages and contains the input files used in the modeling of the Calvert
Cliffs 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 performed,

. 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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ccd047g27.input

=sas2h parm=skipshipdata

calvert cliffs 1 pwr, d047, rod mkp109, 13.200 cm, 27.35/mtu June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.018 1 829
92234 0.027 92235 3.038 92236 0.014 92238 96.921 end
kr-83 10 1-20829 end
kr-85 10 1-20 829 end
y-89 10 1-20 829 end
sr-90 10 1-20 829 end
zr-93 10 1-20 829 end
zr-94 10 1-20 829 end
zr-95 1 0 1-20 829 end
nb-94 10 1-20 829 end
mo-95 10 1-20 829 end
tc-99 10 1-20 829 end
ru-101 1 0 1-20 829 end
n-106 1 0 1-20 829 end
rh-103 1 0 1-20 829 end
rh-105 1 0 1-20 829 end
pd-105 10 1-20 829 end
pd-108 1 0 1-20 829 end
ag-109 1 0 1-20 829 end
sb-124 1 0 1-20 829 end
xe-131 10 1-20 829 end
xe-1321 0 1-20 829 end
xe-13510 1-20 829 end
xe-136 10 1-20 829 end
cs-134 10 1-20 829 end
cs-135101-20 829 end
cs-137 1 0 1-20 829 end
ba-136 1 0 1-20 829 end
1a-139 1 0 1-20 829 end
pr-141101-20 829 end
pr-143 10 1-20 829 end
ce-144 1 0 1-20 829 end
nd-143 1 0 1-20 829 end
nd-145 1 0 1-20 829 end
nd-147 1 0 1-20 829 end
pm-147 10 1-20 829 end
pm-148 1 0 1-20 829 end
sm-147 1 0 1-20 829 end
sm-149 1 0 1-20 829 end
sm-150 1 0 1-20 829 end
sm-151 10 1-20 829 end
sm-152 10 1-20 829 end
eu-153101-20 829 end
eu-154 1 0 1-20 829 end
eu-155101-20 829 end
gd-155101-20 829 end

arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

4000098.182 1.0 620 end
h20 3 den=0.7575 1 557 end
arbm-bormod 0.7575 1 10 0 5000 100 3 330.8¢-6 557 end

' 331 ppm boron (wt) in moderator

" fuel-pin-cell geometry:

squarepitch 14732 095631 3 1.1176 2 0.9855 O end

assembly and cycle parameters:

Page I-1 of 9

npin/assm=176 fuelnght=789.64 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=15.197 bum=306.0 down=71 end
power=17.127 bum=381.7 down=81.3 bfrac=1.419
temkcyc=850 end

power=15.020 burn=466.0 down=85  bfrac=1.523
temkecyc=775 end

power=12.843 burn=461.1 down=1870 bfrac=1.488
temkcyc=709 end

o119 cr 52 mn 029

fe 11.0 co 0.066 ni 8.7

zr 195 nb 0.63sn 3.2
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ccd047g37.input
=sas2h parm=skipshipdata

calvert cliffs 1 pwr, d047, rod mkp109, 27.700 cm, 37.12/mtu June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1 den=10.018 ‘1 940
92234 0.027 92235 3.038 92236 0.014 92238 96.921 end
kr-83 10 1-20940 end
kr-85 10 1-20940 end
y-89 101-20940 end
sr-90 10 1-20 940 end
zr-93 10 1-20 940 end
zr-94 10 1-20 940 end
zr-95 10 1-20 940 end
nb-94 10 1-20940 end
mo-95 10 1-20940 end
tc-99 10 1-20940 end
ru-101 10 1.20 940 end
ru-106 1 0 1-20 940 end
rh-103 1 0 1-20 940 end
rh-105 1 0 1-20 940 end
pd-105 10 1-20 940 end
pd-108 1 0 1-20 940 end
ag-109 1 0 1-20 940 end
sb-124 10 1-20 940 end
xe-131101-20940 end
xe-132 10 1-20 940 end
xe-135 10 1-20 940 end
xe-136 1 0 1-20 940 end
cs-134 10 1-20 940 end
cs-1351 0 1-20 940 end
cs-137 1 0 1-20 940 end
ba-136 1 0 1-20 940 end
la-139 1 0 1-20 940 end
pr-141 10 1-20 940 end
pr-143101-20 940 end
ce-144 1 0 1-20 940 end
nd-143 1 0 1-20 940 end
nd-145 1 0 1-20 940 end
nd-147 1 0 1-20 940 end
pm-147 1 0 1-20 940 end
pm-148 1 0 1-20 940 end
sm-147 10 1-20 940 end
sm-149 10 1-20 940 end
sm-150 10 1-20 940 end
sm-15110 1-20 940 end
sm-152 1 0 1-20 940 end
eu-153 10 1-20 940 end
eu-154 10 1-20 940 end
eu-15510 1-20 940 end
gd-155 10 1-20 940 end

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

40000 98.18 2 1.0 620 end
h2o0 3 den=0.7569 1 558 end
arbm-bormod 0.7569 1 1 0 0 5000 100 3 330.8¢-6 558 end

' 331 ppm boron (wt) in moderator

" fuel-pin-cell geometry:

squarepitch 1.4732 0.95631 3 1.1176 2 0.9855 0 end

assembly and cycle parameters:

Page I-2 of 9

npin/assm=176 fuelnght=789.64 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=21.790 burn=306.0 down=71 end
power=23.588 burn=381.7 down=81.3 bfrac=1.419
temkcyc=927 end

power=20.133 bum=466.0 down=85 bfrac=1.523
temkcyc=793 end

power=16.634 bum=461.1 down=1870 bfrac=1.488
temkcyc=712 end

o119 cr 52 mn 0.29

fe 11.0 co 0.066 ni 8.7

zZr 195 nb 0.63sn 3.2
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(—:scagh 7g —sg:}s)hlll:dam npin/assm=176 fuelnght=789.64 ncycles=4 nlib/cyc=5
- _parmn= printlevel=5 lightel=9 inplevel=2 numztotal=5 end
f:alvcn cliffs 1 pwr, d047, rod mkp109, 165.22 cm, 44.34/mtu June 97 3 13140 2 14160 3 1.6623 500 5.2039 3 5.2431

power=27.432 bum=306.0 down=71 end

. mixtures of fuel-pin-unit-cell: power=28.657 burn=381.7 down=81.3 bfrac=1.419 end
a4 latti 1 power=23.095 burn=466.0 down=85 bfrac=1.523 end
group cece power=19.498 bum=461.1 down=1870 bfrac=1.488 end

uo2 1den=10.018 1 997
92234 0.027 92235 3.038 92236 0.014 92238 96.921 end fe 11.0 co 0.066 ni 8.7
kr-83 101-20997 end 26 195 nb 0.63 sn 3.2
kr-85 101-20997 end \ ’ ’
y-89 101-20997 end ,
sr-90 10 1-20 997 end : ,
zr-93 10 1-20 997 end
2zr-94 10 1-20997 end
2r-95 10120997 end
nb-94 10 1-20 997 end
mo-95 10 1-20997 end
tc-99 10 1-20997 end
ru-i0110 1-20 997 end
ru-106 1 0 1-20 997 end
rh-103 1 0 1-20 997 end
rh-105 1 0 1-20 997 end
pd-105 10 1-20 997 end
pd-108 1 0 1-20 997 end
ag-109 1 0 1-20 997 end
sb-124 10 1-20 997 end
xe-131 10 1-20 997 end
xe-13210 1-20 997 end
xe-135101-20 997 end
xe-136 1 0 1-20 997 end
cs-134 10 1-20997 end
cs-135101-20997 end
cs-137 10 1-20997 end
ba-136 1 0 1-20 997 end
la-139 1 0 1-20 997 end
pr-141 10 1-20 997 end
pr-143 1 0 1-20 997 end
ce-144 10 1-20997 end
nd-143 1 0 1-20 997 end
nd-145 1 0 1-20 997 end
nd-147 1 0 1-20 997 end
pm-147 10 1-20 997 end
pm-148 1 0 1-20 997 end
sm-147 10 1-20 997 end
sm-149 10 1-20 997 end
sm-150 10 1-20 997 end
sm-151 10 1-20 997 end
sm-152 10 1-20 997 end
eu-153 10 1-20 997 end
eu-154 10 1-20997 end
eu-15510 1-20 997 end
gd-15510 1-20 997 end
arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.182 1.0620 end )
h20 3 den=0.7332 1 570 end
arbm-bormod 0.7332 1 1 0 0 5000 100 3 330.8¢-6 570 end

0119 ¢r 5.2 mn 0.29

' 331 ppm boron (wt) in moderator

' fuel-pin-cell geometry:

squarepitch 1.4732 0.95631 3 1.1176 2 0.9855 O end

assembly and cycle parameters:
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ccd10tgl8input  ~ TTTTTmosmmsmmTrmsesssssoeees
=sas2h  parm=skipshipdata .
calvert cliffs 1 pwr, d101, rod mla098, 8.9 cm 18.68gwd/mtu June 97 ,

. . . . npin/assm=176 fueclnght=789.64 ncycles=3 nlib/cyc=5

. mixtures of fuel-pin-unit-cell: printlevel=5 lightel=9 inplevel=2 numztotal=5 end

, . . 3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431

, This mode! uses the temperature that was derived by ORNL. power=13.760 bum=306.0 down=71 _end

. power=15.505 burn=381.7 down=81.3 bfrac=1.419 end
power=13.601 burn=466.0 down=2374 bfrac=1.523 end
0119 cr 52 mn 029

fe 11.0 co 0.066 ni 8.7

zr 195 nb 0.63sn 3.2

assembly and cycle parameters:

44group latticecell
uo2 1den=10.018 1 816
92234 0.024 92235 2.72 92236 0.013 92238 97.243 end
kr-83 101-20816 end ,
kr-85 10 1-20 816 end ,
y-89 101-20816 end STt
sr-90 101-20816 end
zr-93 101-20816 end
zr-94 10 1-20 816 end
2r-95 101-20 816 end
nb-94 10 1-20 816 end
mo-95 101-20 816 end
tc-99 10 1-20816 end
ru-101 10 1-20 816 end
u-106 1 0 1-20 816 end
rh-103 10 1-20 816 end
rh-10510 1-20 816 end
pd-10510 1-20 816 end
pd-108 1 0 1-20 816 end
ag-109 10 1-20 816 end
sb-124 1 0 1-20 816 end
xe-13110 1-20 816 end
xe-132 10 1-20 816 end
xe-135101-20 816 end
xe-136 10 1-20 816 end
cs-134 10 1-20 816 end
cs-135101-20 816 end
cs-137 10 1-20 816 end
ba-136 10 1-20 816 end
la-1391 0 1-20 816 end
pr-141 1 0 1-20 816 end
pr-143 10 1-20 816 end
ce-144 10 1-20 816 end
nd-143 10 1-20 816 end
nd-14510 1-20 816 end
nd-147 1 0 1-20 816 end
pm-147 10 1-20 816 end
pm-148 10 1-20 816 end
sm-147 10 1-20 816 end
sm-14910 1-20 816 end
sm-150 10 1-20 816 end
sm-15110 1-20 816 end
sm-152 10 1-20 816 end
eu-153101-20 816 end
eu-154 10 1-20 816 end
eu-15510 1-20 816 end
gd-15510 1-20 816 end
arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.182 1.0 620 end
h20 3 den=0.7576 1 557 end
arbm-bormod 0.7576 1 10 0 5000 100 3 330.8e-6 557 end

' 331 ppm boron (wt) in moderator

' fuel-pin-cell geometry:

squarepitch 1.4732 095631 3 1.1176 2 0.9855 0 end
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ccd101g26.input

=sas2h  parm=skipshipdata

calvert cliffs 1 pwr, d101, rod mia098, 24.5 cm 26.62gwd/mtu June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 | den=10.018 1 841
92234 0.024 92235 2.72 92236 0.013 92238 97.243 end
kr-83 10 1-20 841 end
kr-85 10 1-20 841 end
y-89 101-20841 end
sr-90 10 1-20 841 end
2r-93 10 1-20 841 end
zr-94 10 1-20 841 end
zr-95 10 1-20 841 end
nb-94 10 1-20841 end
mo-95 10 1-20 841 end
tc-99 10 [-20 841 end
ru-101 1 0 1-20 841 end
ru-106 1 0 1-20 841 end
rh-103 1 0 1-20 841 end
rh-105 10 1-20 841 end
pd-105 1 0 1-20 841 end
pd-108 1 0 1-20 841 end
ag-109 1 0 1-20 841 end
sb-124 10 1-20 841 end
xe-131 10 1-20 841 end
xe-132101-20 841 end
xe-13510 1-20 841 end
xe-136 1 0 1-20 841 end
cs-134 10 1-20 841 end
cs-13510 1-20 841 end
cs-137 10 1-20 841 end
ba-136 1 0 1-20 841 end
la-139 1 0 1-20 841 end
pr-141 1 0 1-20 841 end
pr-143 1 0 1-20 841 end
ce-144 10 1-20 841 end
nd-143 1 0 1-20 841 end
nd-14510 1-20 841 end
nd-147 10 1-20 841 end
pm-147 10 1-20 841 end
pm-148 1 0 1-20 841 end
sm-147 1 0 1-20 841 end
sm-149 10 1-20 841 end
sm-150 1 0 1-20 841 end
sm-151 10 1-20 841 end
sm-152 10 1-20 841 end
eu-15310 1-20 841 end
eu-154 1 0 1-20 841 end
eu-15510 1-20 841 end
gd-15510 1-20 841 end

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

40000 98.18 2 1.0 620 end
h20 3 den=0.7571 | 558 end ,
arbm-bormod 0.7571 1 1 0 0 5000 100 3 330.8¢-6 558 end

' 331 ppm boron (wt) in moderator

.

fuel-pin-cell geometry:
squarepitch 1.4732 095631 3 1.1176 2 0.9855 O end

assembly and cycle parameters:

Page 1-5 of 9

npin/assm=176 fuelnght=789.64 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=20.406 burn=306.0 down=71 end
power=22.090 bum=381.7 down=81.3 bfrac=1.419
temkcyc=867 end

power=18.855 bum=466.0 down=2374 bfrac=1.523
temkcyc=817 end

0119 cr 5.2 mn 029

fe 11.0 c0 0.066 ni 8.7

2r 195 nb 0.63sn 3.2
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ccd101g33.input
=sas2h parm=skipshipdata

calvert cliffs 1 pwr, d101, rod mla098, 161.7 cm 33.17gwd/mwu June 97

mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.018 1 939
92234 0.024 92235 2.72 92236 0.013 92238 97.243 end
kr-83 101-20939 end
kr-85 101-20939 end
y-89 101-20939 end
sr-90 10 1-20 939 end
zr-93 10 1-20939 end
2zr-94 10 1-20939 end
2r-95 101-20939 end
nb-94 10 1-20 939 end
mo-95 10 1-20 939 end
tc-99 10 1-20939 end
ru-101 10 1-20 939 end
r-106 1 0 1-20 939 end
rh-103 1 0 1-20 939 end
rh-105 1 0 1-20 939 end
pd-105 1 0 1-20 939 end
pd-108 1 0 1-20939 end
ag-109 1 0 1-20 939 end
sb-124 1 0 1-20 939 end
xe-13110 1-20 939 end
xe-132 10 1-20 939 end
xe-135101-20939 end
xe-136 10 1-20 939 end
cs-134 1 0 1-20 939 end
cs-135101-20939 end
cs-137 10 1-20 939 end
ba-136 1 0 1-20 939 end
a-139 1 0 1-20 939 end
pr-141101-20 939 end
pr-143 10 1-20 939 end
ce-144 10 1-20 939 end
nd-143 1 0 1-20 939 end
nd-14510 1-20 939 end
nd-147 1 0 1-20 939 end
pm-147 10 1-20 939 end
pm-148 1 0 1-20 939 end
sm-147 1 0 1-20 939 end
sm-149 1 0 1-20 939 end
sm-150 10 1-20 939 end
sm-151 10 1-20 939 end
sm-15210 1-20 939 end
eu-153101-20939 end
eu-154 10 1-20 939 end
eu-15510 1-20 939 end
gd-155101-20939 end

arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 620 end
h20 3 den=0.7341 1 570 end
arbm-bormod 0.7341 1 1 00 5000 100 3 330.8¢-6 570 end

' 331 ppm boron (wt) in moderator

assembly and cycle parameters:

Page I-6 of 9

npin/assm=176 fuelnght=789.64 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=26.656 burn=306.0 down=71 end
power=27.837 bum=381.7 down=81.3 bfrac=1.419
temkcyc=957 end

power=22.443 bum=466.0 down=2374 bfrac=1523
temkcyc=873 end

0119 cr 52 mn 0.29

fe 11.0co 0.066 ni 8.7

zr 195 nb 0.63sn 3.2



Attachment I: B0O0000000-01717-0200-00138 REV 00

ccbt03g31.input

=sas2h parm=skipshipdata

calvert cliffs 1 pwr, bt03, rod nbd107, 11.28 cm 31.40gwd June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1den=10.054 1 768
92234 0.022 92235 2.453 92236 0.011 92238 97.514 end
kr-83 10 1-20 768 end
kr-85 10 1-20 768 end
y-89 101-20768 end
sr-90 10 1-20 768 end
zr-93 10 1-20768 end
zr-94 101-20768 end
2r-95 10 1-20 768 end
nb-94 10 1-20 768 end
mo-95 10 1-20 768 end
tc-99 10 1-20 768 end
ru-101 10 1-20 768 end
ru-106 1 0 1-20 768 end
rh-103 1 0 1-20 768 end
rh-105 10 1-20 768 end
pd-1051 0 1-20 768 end
pd-108 1 0 1-20 768 end
ag-1091 0 1-20 768 end
sb-124 10 1-20 768 end
xe-131101-20 768 end
xe-132101-20 768 end
xe-135101-20 768 end
xe-136 1 0 1-20 768 end
¢s-134 10 1-20 768 end
cs-13510 1-20 768 end
cs-137 1 0 1-20 768 end
ba-136 1 0 1-20 768 end
1a-139 1 0 1-20 768 end
pr-141 10 1-20 768 end
pr-143 10 1-20 768 end
ce-144 10 1-20 768 end
nd-143 1 0 1-20 768 end
nd-14510 1-20 768 end
nd-147 1 0 1-20 768 end
pm-147 10 1-20 768 end
pm-148 10 1-20 768 end
sm-147 10 1-20 768 end
sm-149 10 1-20 768 end
sm-150 10 1-20 768 end
sm-151101-20 768 end
sm-152 10 1-20 768 end
eu-153 10 1-20 768 end
eu-154 10 1-20 768 end
eu-15510 1-20 768 end
gd-155101-20 768 end

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

40000 98.18 2 1.0 620 end
h20 3 den=0.7576 1 557 end
arbm-bormod 0.7576 1 1 0 0 5000 100 3 330.8¢-6 557 end

n 405-5557 end

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

40000 98.18 5 1.0 557 end
o 600.058 557 end
al 600.039 557 end
¢ 600.00107 557 end
b-10 60 0.000859 557 end
b-11 600.0034 557 end

' 331 ppm boron (wt) in moderator

Page I-7 of 9

*  fuel-pin-cell geometry:

squarepitch 1.4732 0.9639 1 3 1.1176 2 0.9754 0 end

' assembly and cycle parameters:
npin/assm=160 fuelngth=851.90 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=6 end
60.4775 4 0.4928 5 0.5588 3 0.8312 500 1.7190 3 1.7319
power=15.761 bum=816.0 down=81 end
power=16.457 bum=306.0 down=71 temkcyc=779 end
power=11.512 bum=381.7 down=81.3 bfrac=1.419
temkcyc=702 end
power=11.547 burn=466.0 down=2447  bfrac=1.523
temkcyc=702 end

o119 cr 52 mn 0.29

fe 11.0 c0 0.066 ni 8.7

2r 195 nb 0.63sn 3.2



Attachment I: B00000000-01717-0200-00138 REV 00

ccbt03g37.input
=sas2h  parm=skipshipdata

calvert cliffs 1 pwr, bt03, rod nbd107, 19.92 ¢m 37.27gwd June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
vo2 | den=10.054 1 814
. 92234 0.022 92235 2.453 92236 0.011 92238 97.514 end
kr-83 101-20814 end
kr-85 101-20 814 end
y-89 101-20 814 end
sr-90 101-20814 end
zr-93 10 1-20 814 end
z1-94 101-20814 end
zr-95 10 1-20 814 end
nb-94 10 1-20 814 end
mo-95 10 1-20 814 end
tc-99 101-20814 end
ru-101101-20814 end
ru-106 1 0 1-20 814 end
rh-1031 0 1-20 814 end
rh-105 1 0 1-20 814 end
pd-105101-20 814 end
pd-108 1 0 1-20 814 end
ag-109 10 1-20 814 end
sb-124 1 0 1-20 814 end
xe-131101-20 814 end
xe-132101-20 814 end
xe-135101-20 814 end
xe-136101-20814 end
cs-134 1 0 1-20 814 end
cs-135101-20 814 end
cs-137 1 0 1-20 814 end
ba-136 1 0 1-20 814 end
la-139 10 1-20 814 end
pr-141 10 1-20 814 end
pr-143 10 1-20 814 end
ce-144 10 1-20 814 end
nd-143 10 1-20 814 end
nd-145101-20 814 end
nd-147 10 1-20 814 end
pm-147 10 1-20 814 end
pm-148 10 1-20 814 end
sm-147 1 0 1-20 814 end
sm-149 1 0 1-20 814 end
sm-150 1 0 1-20 814 end
sm-151101-20 814 end
sm-152 10 1-20 814 end
eu-153101-20 814 end
eu-154 1 0 1-20 814 end
eu-15510 1-20 814 end
gd-155101-20 814 end

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

40000 98.1821.0620 end
h2o 3 den=0.7573 1 557 end
arbm-bormod 0.7573 1 10 0 5000 100 3 330.8¢-6 557 end

n 405-5557 end

arbm-zirc4 6.56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 5 1.0 557 end
o 600.058 557 end
al 600.039557 end
¢ 600.00107 557 end
b-10 6 0 0.000859 557 end
b-11 6 00.0034 557 end

' 331 ppm boron (wt) in moderator
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' fuel-pin-cell gecometry:
squarepitch 1.4732 0.9639 1 3 1.1176 2 0.9754 0 end

' assembly and cycle parameters:
npin/assm=160 fuelngth=851.90 ncycles=4 nlib/cyc=5
printlevel=S$ lightel=9 inplevel=2 numztotal=6 end
60.4775 4 0.4928 5 0.5588 3 0.8312 500 1.7190 3 1.7319
power=18.705 burn=816.0 down=81 end i
power=19.534 burn=306.0 down=71 temkcyc=827 end
power=13.672 bum=381.7 down=81.3 bfrac=1419
temkcyc=736 end
power=13.707 bum=466.0 down=2447 bfrac=1.523
temkcyc=736 end

0119 cr 52 mn 0.29

fe 11.0 co 0.066 ni 8.7

zr 195 nb 0.63sn 3.2



Attachment I: B00000000-01717-0200-00138 REV 00

ccbt03g46.input

sas2h  parm=skipshipdata

calvert cliffs 1 pwr, bt03, rod nbd107, 161.21 cm 46.46gwd June 97

' mixtures of fuel-pin-unit-cell:
44group latticecell
uo2 1 den=10.054 1 887
92234 0.022 92235 2.453 92236 0.011 92238 97.514 end
kr-83 10 1-20 887 end
kr-85 10 1-20 887 end
y-89 101-20 887 end
sr-90 10 1-20 887 end
2r-93 10 1-20 887 end
2zr-94 10 1-20 887 end
zr-95 10 1-20 887 end
nb-94 10 1-20 887 end
mo-95 10 1-20 887 end
tc-99 10 1-20 887 end
ru-101 1 0 1-20 887 end
ru-106 1 0 1-20 887 end
rh-103 1 0 1-20 887 end
rh-105 10 1-20 887 end
pd-105 10 1-20 887 end
pd-108 10 1-20 887 end
ag-109 1 0 1-20 887 end
sb-124 1 0 1-20 887 end
xe-131 10 1-20 887 end
xe-13210 1-20 887 end
xe-135101-20 887 end
xe-136 1 0 1-20 887 end
cs-134 10 1-20 887 end
cs-13510 1-20 887 end
cs-137 1 0 1-20 887 end
ba-136 10 1-20 887 end
la-139 1 0 1-20 887 end
pr-141101-20 887 end
pr-143 1 0 1-20 887 end
ce-144 10 1-20 887 end
nd-143 1 0 1-20 887 end
nd-145 1 0 1-20 887 end
nd-147 1 0 1-20 887 end
pm-147 10 1-20 887 end
pm-148 1 0 1-20 887 end
sm-147 | 0 1-20 887 end
sm-149 10 1-20 887 end
sm-150 1 0 1-20 887 end
sm-151 10 1-20 887 end
sm-152 10 1-20 887 end
eu-153 10 1-20 887 end
eu-154 10 1-20 887 end
eu-15510 1-20 887 end
gd-155101-20 887 end

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

40000 98.18 2 1.0 620 end
h2o0 3 den=0.7342 1 570 end
arbm-bormod 0.7342 1 1 0 0 5000 100 3 330.8¢-6 570 end

n 405-5570 end

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

40000 98.18 51.0570 end
o 600058570 end
al 600.039 570 end
¢ 600.00107 570 end
b-10 6 0 0.000859 570 end
b-11 600.0034 570 end

' 331 pprh boron (wt) in moderator

Page I-9 of 9

fuel-pin-cell geometry:
squarepitch 1.4732 0.96391 3 1.1176 2 09754 0 end

' assembly and cycle parameters:
npin/assm=160 fuelngth=851.90 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=6 end
60.4775 4 0.4928 50.5588 3 0.8312 500 1.7190 3 1.7319
power=23.324 burn=816.0 down=81 end
power=24.347 bum=306.0 down=71 temkcyc=903 end
power=17.039 bun=381.7 down=81.3 bfrac=1419
temkcyc=788 end
power=17.092 burn=466.0 down=2447 bfrac=1.523
temkcyc=789 end

0119 cr 52 mn 029

fe 11.0 co 0.066 ni 8.7

zr 195 nb 0.63sn 3.2



Attachment II: B0O0000000-01717-0200-00138 REV 00

d047g27.sum
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SCALE4.3 Bulletin Board

Welcome to SCALE-4.3.
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primary module access and input record ( scale driver - 95/03/29 - 09

1
- module sas2h

calvert cliffs 1 pwr., d047, rod mkpl09, 13.200 em, 27.35/mtu June 97

N mixtures

44group

will be called

of fuel-pin-unit-cell:

latticecell

w2 1 den=10.018 1 829

92234 0
kr-83 10
kr-85 10
y-89 10
sr-90 10
zr-93 10
zr-94 10
zr-95 10
nb-94 10
mo-95 1 0
tc-99 1 0
ru-101 1 0
ru-106 1 0
rh-103 1 0
rh-105 1 0
pd-105 1 0
pd-108 1 ©
ag-109 1 ©
sb-124 1 0
xe-131 1 0
xe-132 1 0
xe-135 1 0
xe-136 1 0
cs-134 1 0
cs-135 1 0
cs-137 1 0
ba-136 1 0
la-139 1 0
pr-141 1 0
pr-143 1 0
ce-144 1 0
nd-143 1 0
nd-145 1 0
nd-147 1 0
pm-147 1 0
pm-148 1 0
sm-147 1 ©
sm-149 1 0
sm-150 1 ©
sm-151 1 0
sm-152 1 0
eu-153 1 0
eu-154 1 0
eu-155 1 0
gd-155 1 0
arbm-zircd

.027 92235 3.038 92236 0.014 92238 96.921 end
1-
1-
1-
1-
1-
1-
1-
1-
1~
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
6.

20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 ena
20 829 ena
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 B29 end
20 B29 end
20 829 end
20 829 end
20 B29 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 epnd

20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829 end
20 829

end
56 50 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 620 end

h2o 3 den=0.

arbm-bormod

7575 1 557 end
0.7575 11 0 0 5000 100 3 330.8e-6 557 end

' 331 ppm boron (wt) in moderator

' fuel-pin-cell geometry:

squarepitch

1.4732 0.9563 1 3 1.1176 2 0.9855 0 end

' assembly and cycle parameters:

npin/assm=176 fuelnght=789.64 ncycles=4 nlib/cycsS

printlevel=5
3 1.3140 2
power=15.197
power=17.127
power=15.020
power=12.843
o 119 cr
fe 11.0 co
zr 185 nb

1 55588885888
S$SSS558588S5
s8 ss
ss
ss
$3S555838858S

58835S58888S
ss
ss
ss ss
5555555555885
55858585588

lightel=9 inplevels2 numztotals=5 end
1.4160 3 1.6623 500 5.2039 3 5.2431
burn=306.0 down=71 end
burn=381.7 down=81.3 bfrac=l.419 temkcyc=850 end
burn=466.0 down=85 bfrac=1.523 temkcyc=775 end
burn=461.1 down=1870 bfrac=1.488 temkcyc=709 end
$.2 mn 0.29
0.066 ni 8.7
0.6 sn 3.2

aaaanaaaa $8885888885 22222222222 hh hh

aaaaaaasaaaa ss 22222 hh hh
aa aa ss ss 22 22 hh hh
aa aa ss 22 hh hh
aa aa ss 22 hh hh
aaaaaaaaaaaaa 3S8855SS68S5 22 hhhhhhhhhhhhh
aaaaaaaaaaaaa 5838535883885 22 hhhhhhhhhhhhh
aa aa ss 22 hh hh
aa aa 88 22 hh hh
aa aa ss ss 22 hh hh
aa aa 5558558558885 2222222222222 hh hh
aa aa $8383885s5ss 2222222222222 hh hh

iiddgiiiiaid cececeeccee hh hh 00000000000

:06:37

11

)
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cor

cooo

Page II-2 of 27

nnn nn  iiiiididididd cccceccecccee  hh hh 0000000000000 11
nnnn nn ii cec cc hh hh oo co 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn cec hhhhhhhhhhhhh oo ) 11
nn nn  nn cc hhhhhhhhhhhhh 0o oo 11
nn nn nn cc hh hh oo 00 11
nn nn nn cc hh hh oo oo 11
nn nnnn cc cec hh hh oo o0 1
nn nnn ceccecccceccee hh hh  oococooooooccoo 1111111111111
nn nn cceccecoccece hh hh ©O0C0000000 1111111111111
0000000 88883888888 /7 0000000 88888888888 14 99999999999
000000000 8888888888888 /7 000000000 8888888888888 1/ 9999999999999
00 00 a8 88 /17 00 00 88 88 I
00 00 88 88 /77 00 00 88 88 /7 99 99
00 00 88 88 /7 00 00 88 88 1/ 99 99
00 00 88968088888 7/ 00 00 88888888888 1/ 9999999399999
00 00 88888888888 7/ 00 00 88888888888 7/ 999999999999
00 00 88 88 7/ 00 00 88 /7 99
00 00 88 88 // 00 00 88 a8 /7 99
00 [+10} 88 88 124 00 00 88 88 /7 99
oooooo0000 8888888888888 17 000000000 8888888888888 /7 9999999999999
0000000 88888888888 144 0000000 88888888888 124 1999999999999
11 11 11 44 44
111 111 111 444 444
1111 1111 1111 4444 4
11 11 11 44 44 44
11 11 11 44 44 44 44
11 11 11 44 44 44 44
11 11 11 44 4“ (L} 44
11 11 11 444444444444 444444444444
11 11 1 4444444444444 4444444444404
11 11 e i1 4 : “
11111111 11111111 11111111 44 44
11111111 11111111 11111111 44 "
85535388883 cccceccecee aaaaaaaaa 11 eeceecceeeeee
8885558888888  cCCcccocccccce aaaaaaaaaaa 11 eeceecececeeee
8s 88 cc cc aa aa 11 ee
8s cc aa aa 11 ee
ss cc aa aa 11 ee
EEELLTEREE-LE] cc asaaaaaaaaaaa 11 eeecceeeee
S8S3SSsS8S5S  CC aaaaaaaaaaaaa 11 eeeeeeeee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
8s ss cc cc aa aa 11 ee
$888555858SsS cececcoccccceee aa aa 1111111111111 ecceececececee
585S3SS8SSS ccccccecceee aa aa 1111111111111 eeeceeeseceece
I I Iy
R I NI I e
I
e veene
LA A A program verification information wewes
crenn rens
b code system: scale version: 4.3 i
veewe erew
R I I I I
IS
rnaw renn
cesre crsen
v program: sas2 crene
reues sennn
creation date: 03/07/97 reeee
rrenn
library: /opt/neut/Scaled.3/bin bbbt
“eawr
crree
revee this is not a scale configuration controlled code reree
Awnww cannn
bl jobname: nichol bl
wenww rerns
bl date of execution: 08/08/97 AR
cenan
i time of execution: 11:14:45
armranne P L N I seserannresne
I D L T T T T T D R T L
D R R L L R R T R T T T R T T 5
nuclide concentrations, grams
basis =gingle reactor assembly
initial 1E-18 4
o 16 1.19E+05 1.19E+05
total 3.43E+05 3.43E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 &
u23d4  2.38E+02 2.3BE+D2
u235 2.68E+04 2.6BE+04
u23ié 1.23E+02 1.23B+02
u238 8.54E+05 8.54E+05
total 8.81E+05 8.B1E+0S
basis =
initial 15.3 d 30.6 A 45.9 d 61.2 d 61.2 4
initial 15.3 4 30.6 d 45.9 4 61.2 d 61.2d
nuclide concentrations, grams
basis =single reactor assembly
initial 311.7d 623.3d 935.0d 1246.7 4 1558.3 4 1870.0 d
o 16 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05

nuclide concentrations, grams
basis =single reactor assembly

7777717777777
7777777717777
77 77

5555555555555
5555555555555

555555555555
5555555555555
55 °
S5
55
5555555555555
55555555555



Attachment II: B0O0000000-01717-0200-00138 REV 00 Page II-3 of 27

initial 311.7 4 623.3 Q 935.0 4 1246.7 d 1558.3 4 1870.0 d
mo 95 1.14E+01 1.24B+01 1.24E+01 1.24E+01 1.24B+01 1 .24B+01 1.24E+01
tc 99 2.33E-05 2.35E-05 2.35B-05 2.35-05 2.35E-05 2.35E-05 2.35E-05

total 3.43E+05 3.43B+05 3.43B+05 3.43B+05 3.43E+05 3 _(3E+05 3.43BE+05
nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 4 935.0 @ 1246.7 4 1558.3 4 1870.0 d

u233 1.47E-03 1.55p-03 1.64B-03 1.72B-G3 1.81E-03 1.89E-03 1.98E-03
u234 1.55E+02 1.56E+02 1.56E+02 1.57B+02 1.58E+02 1.58E+02 1.59E+02
u23s 8.33E+03 8.33B+03 8.33EB+03 8.33B+03 B.3I3E+03 8.33IE+03 8.33E+03
u236 3.23JE+03 3.23E+03 3.23B+03 3.23E+03 3.23E+03 3.23E+03 3.23E+03
u23s B.37E+05 B8.37E+05 8.37BE+05 8.37B+«05 8.37E+05 B.37E+05 B8.37E+05
np237 2.74E+02 2.77E+02 2.77B+02 2.77B+02 2.77B+02 2.78E+02 2.78B+02
pu236 2.87E-04 2.34B-04 1.91E-04 1.56E-04 1.27B-04 1.04E-04 8.46E-05
pu23l 8.97E+01 9.63B+01 9.75E+01 9.74E+01 9.69E+01 9.62E+01 9.56E+01
pu238 8.97E+01 9.63E+01 9.75E+0)l 9.74E+01 9.69E+01 9.62E+01 9.56E+01
pu239 3.64E+03 3.67E+03 3.67E+03 3.67E+03 3.67B+03 3 .67E+03 3.67E+03
pu240 1.80E+03 1.80E+03 1.80E+03 1.80B+03 1.80E+03 1.80E+03 1.80E+03
pu24l 8.53E+02 B.18E+02 7.85E+02 7.54B+02 7.23E+02 6.94B+02 6.66E+02
pu242 3.37B+02 3.37E+02 3.37E+02 3.37B+02 3.3T7E+02 3.37B+02 3.37E+02
am241 5.10E+01 B8.53E+01 1.18E+02 1.50E+02 1.80E+02 2.09E+02 2.37E+02
am242m 1.02E+00 1.01E+00 1.01E+00 1.0DE+00 9.99E-01 9.95E-01 9.90E-01
am243 5.60E+01 5.60B+01 5.60E+01 5.60E+01 S.60E+01 S5.60E+01 S.60E+01 N
total 8.56E+05 B.56E+05 8.56E+05 B.56E+05 B8.S56E+05 B8.56E+05 8.56B+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 311.7d 623.3d 935.0d 1246.7 4 1558.3 d 1870.0 4
mo 95 5.26E+02 5.65E+02 5.67B+02 &5.67E+02 5.67E+02 S.67E+02 S.67B+02
[} nuclide concentrations, grams
basis =single reactor assembly
initial 311.7d 623.3d 935.0 @ 1246.7 4 1558.3 4 1870.0 4
cc 99 5.95E+02 5.96B+02 5.96E+02 .96B+02 5.96B+02 S$.96E+02 5.96E+02
rulldl 5.64E+02 5.64E+02 5.64E+02 64E+02 5.64E+02 5.64E+02 5.64E+02
rhl03 3.40E+02 3 .57B+02 3.57B+02 .57B+02 3.57E+02 3.57B+02 3.57E+02
agl09 6.23E+01 6.23E+01 6.23E+01 .23E+01 6.23B+01 6.23B+01 6.23E+01
0 nuclide concentrations, grams
basis =single reactor assembly

oo

awuwn

initial 311.7 4 623.3 d 935.0 d 1246.7 4 1558.3 4 1870.0 4
ndl43 6.15E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02
ndl45 5.09E+02 5.09E+02 5.09E+02 5.09E+02 5.09E+02 5.09E+02 5.09E+02
sml47 8.75E+401 1.22E+02 1.42E+02 1.57E+02 1.70E+02 1.BOE+0D2 1.88E+02
sml49 1.41E+00 1.87E+00 1.87B+00 1.87E+00 1.87E+00 1.87E+00 1.87E+00
sml50 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.07E+02 2.07E+02
smlS1 1.14E+401 1.14E+401 1.14E+01 1.13E+01 1.12E+01 1.11E+01 1.11E+Ol
eulSl 2.78E-02 1.03E-01 1.78E-01 2.53BE-01 3.27E-01 4.00B-01 4.73E-01
sml52 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00E+02 1.00B+02 1.00E+02

0 nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 a 935.0 4 1246.7 d 1558.3 4 1870.0 d
eulsl 7.93E+01 7.96E+01 7.96E+01 7.96E+01 7.96E+01 7.96E+01 7.96E+01
gdiss $.12E-02 4.40E-01 7.82E-01 1.08E+00 1.35E+00 1.58E+00 1.79E+00
total 2.48E+04 2.4BE+04 2.4BE+04 2 .48BE+04 2.48E+04 2.48E+04 2.4BE+04
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SCALE4

3 Bulletin Board

Welcome to SCALE-4.3.

PR N Y

PR R R R R R R T L R R A L

primary module access and input record ( scale driver - 95/03/29 - 09

- module sas2h

will be called

calvert ¢liffs 1 pwr, d047, rod mkpl09, 27.700 cm, 37.12/mtu June 97

' mixtures of fuel-pin-unit-cell:

44group

latticecell

uo2 1 den=10.018 1

92234 0
kr-83 10
kr-85 1 0
y-89 10
sr-%90 10
zr-93 10
zr-94¢ 1 0
2r-95 1 0
nb-%4 10
mo-95 1 0
tc-99 10
ru-101 1 0
ru-106 1 0
rh-103 1 0
rh-105 1 0
pd-105 1 0
pd-108 1 0
ag-109 1 0
sb-124 1 0
xe-131 10
xe-132 10
xe-135 1 0
xe-136 1 0
cs-134 1 0
cs-1351 0
cs-137 1 0
ba-136 1 0
la-139 1 0
pr-141 1 0
pr-143 1 0
ce-144 1 0
nd-143 1 0
nd-145 1 0
nd-147 1 0
pm-147 1 0
pm-148 1 0
sm-147 1 0
sm-149 1 0
sm-150 1 0
sm-151 1 0
sm-152 1 0
eu-153 1 0
eu-154 1 0
eu-155 1 0
gd-155 1 0
arbm-zircd

h2o 3 den=0.

6.
40000 98.18 2 1.0 620 end
end

9

40

20 940 end
20 940 end
20 940 end

20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end

20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end

20 940 end
20 940 end
20 940 end

20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end

20 940 end
20 940 end

20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940 end
20 940

.027 92235 3.038 92236 0.014 92238 96.921 end
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
1-

end
56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

756% 1

S

58

arbm-bormod 0.7569 1 1 0 0 5000 100 3 330.8e-6 558 end

331 ppm boron (wt)

in moderator

' fuel-pin-cell geometry:

squarepitch

1.4732 0.9563 1 3 1.1176

0.9855 0

' assembly and cycle parameters:

npin/assm=176 fuelnght=789.64 ncyclesad

printlevels5
3 1.3140 2
power=21.790
power=23.588
power=20.133
power=16.634

o 119 cr
fe 11.0 co
zr 195 nb

nlib/cyc=5

inplevel=2 numztotal=5 end

1.6623 S00 5.2039

down=71 end
down=81.3 bfrac=1.419 temkcyc=927 end

down=85%5

3 5.2431

bfrac=1.523 temkcyc=793 end

down=1870 bfrac=1.488 temkcyc=712 end

1 58888555885
8S55555553SSS
ss 88
ss
ss
8588985838388

2855855385858
88
ss

ss ss
565S58SS55SSS

EBSE5SSSSSS

lightel=9
1.4160 3
burne306.0
burne381.7
burn=466.0
burn=461.1
5.2 mn 0.29
0.066 ni 8.7
0.63 sn 3.2
aaaaaaaaa
aaaaaaaaaaa
aa aa
aa aa
aa aa
aaaanaaaaaaaa
aaaaaaaaaaaaa
aa aa
aa aa
aa aa
aa aa
aa aa

111111111111

58865588388
5888588558888
88 BS
88
88
5888858838838

8838583888858

SS
88
58 8S
B88883S8SS8SSS
85S8SE858558

ccececeececcecee

22222222222
2222222222222
22 22

22
22
2222222222222
2222222222222

hh hh

hh hh
hh hh
hh hh
hh hh
hh hh
hhhhhhhhhhhhh
hhhhhhhhhhhhh
hh hh
hh hh
hh hh
hh hh
hh hh
00000000000

106:37

11

)
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nnn nn cccececcececee hh hh  ooocoocoocooooo 1l
nnnn nn cc cc hh hh 00 oo 11
nn nn nn ce hh hh o0 oo 11
nn nn nn ce hh hh oo oo 11
nn nn nn cc hhhhhhhhhhhhh oo oo 11
nn nn nn cc hhhhhhhhhhhhh oo oo 11
nn nn nn cc hh hh 00 oo 11
nn nn nn cc hh hh 00 oo 11
nn nnnn cc cc hh hh oo (-1} 11
nn nnn cccecceccecce hh hh 0000000000000 1111111111112
nn nn  iiiiddiidiiid ccceecoeece hh hh 00000000000 1111111111111
0
0000000 7777777777717 /7 33333333333 0000000 124 99999999999 77777?2°717717177
000000000 777777777777 /7 3333333333333 000000000 124 9999999999999 7777771777717
00 00 77 77 77 kE] 33 00 00 B 7/ 99 99 77 77
- 00 00 77 /7 33 00 00 1/ 99 99 77
00 00 77 1/ 33 00 00 /1 99 99 77
00 00 77 /7 333 00 (14 /7 9999999999999 77
00 00 77 . /1’ 333 00 00 /11 999999993999 77
00 00 77 /! 13 00 00 /7 99 77
00 oo 77 I 33 00 00 /7 99 77
00 00 77 /7 . 33 33 oo 00 124 99 77
000000000 77 /7 3333333333333 000000000 /" 9999999999999 77 R
0000000 77 1 33333333333 0000000 /7 999999999999 77
0 -
11 22222222222 a4 4“ 333333333313 4"
111 2222222222222 444 444 3333333333333 444
1111 R 4444 4444 HE 33 33 4444
11 22 44 44 44 44 33 44 44
11 22 HE 4 4 4 & HES 33 4
11 22 44 44 4 44 EEX] 44 44
11 22 44 44 44 44 333 a4 4"
11 22 HES 444444444444 444444444444 tr: 33 444444444444
11 22 4444444444444 4444444444444 33 4444444844444
11 22 HEH 44 44 HE 33 33 a4
11111111 2222222222222 a4 44 3333333333333 44
11111111 2222222222222 44 44 33333333333 44
1
0 SSS58S5SS8S ccececececce aaaaaaaaa 11 aeeececeeeeee
8885888888888  CCCCCLCLCOCCT aaaaaaaaaaa 11 eecececeeeecceee
-1 as cc cc aa aa 11 ee
ss cc aa aa 11 ee
S8 ce aa aa 11 ee
855SSSSS5S8E cc aaaaaaaaaaaaa 11 eececeeeee
533885388888 CC aaaaaaaaaaaaa 11 ecececcee
ss cc aa aa 11 ee
88 cc aa aa 11 ee
8BS [-13 cc cc aa aa 11 ee
8885885888888 cceceoeceececeeec aa aa 1111111111111 eeceeeeeeeeee
88588888858 ccecececceece .aa aa 1111111111111 eeeceeeeceeeee
R NI N MmN
P I T >
D N L L T R R T e P T T R R P PP
“rean crene
asene program verification information e
rveae annne
b code system: scale version: 4.3 sanee
Anene Ty
I I NI I
R NN NN T I I TN
Cenww
crone
reran program: sas2 toeune
renne Ty
i creation date: 03/07/97 treew
crewe rerns
bbb library: /opt/neut/Scaled.3/bin revew
PRSP cosnn
rrran caens
g this is not a scale configuration controlled code anver
camnn renee
i jobname: nichel revew
awnn reean
e date of execution: 07/30/97 LA D]
A A LER RS
wewan’ time of execution: 12:44:35 enees
naaw canaw
Free PR
I R R I I I
B R L L LR T T T T I T
R L e I I I
1
0
4] nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
o 16 1.19E+05 1.19E+05
total 3.43E+05 3.43E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
u234 2.38E+02 2.38E+02
u23s 2.68E+04 2 .6BE+D4
u23é 1.23E+02 1.23E+02
u238 8.54E+05 8.54E+05
total 8.81E+05 8.B1E+05
0 basis =
0 initial 15.3 4 30.6 d 45.9 d 61.2 d 61.2 d
0 initial 15.3 Q@ 30.6 a4 45.9 d 61.2 4 61.2 d
1] nuclide concentrations, grams

basis =single reactor assembly
initial 311.7 4 623.3 4 935.0 4 1246.7 d 1558.3 4 1870.04d
o 16 1.19E+05 1.19E+05 1.19E+05 1.19B+05 1.19E+05 1.19E+05 1.19E+05
0 nuclide concentrations, grams
basis =single reactor assembly
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initial 311.7 d 623.3 4 935.0 d 1246.7 d 1558.3 4 1870.0 4
mo 95 1.62E+01 1.77B+01 1.77B+01 1,77B+01 1.77B+01 1.77B+01 1.77E+0l
tc 99 6.77E-05 6.82B-05 6.B2E-05 6.82E-05 6.82E-05 6.82E-05 6.82E-05

total J.43E+05 3.43B+05 3.43E+05 3.43B+05 3.43E+05 3 .43E+05 3.43E+05
0 nuclide concentrations, grams
bagis =single reactor assembly

initial 311.7 d 623.3 4 935,04 1246.7 @ 1558.3 4 1870.0 4
u23i3 1.54E-03 1.66E-03 1.78E-~03 1.90B-03 2.02E-03 2.15E-03 2.27E-03
u234 1.30B+02 1.31B«02 1.33BE+02 1.34E+02 1.35E+02 1.36E+02 1.38B+02
u235 5.06E+03 S.O06E+03 S.06B+03 5.06E+03 S5.06B+03 5.06E+03 5.06B+03
u23é 3.64E+03 3 _.64E+03 3.64E+03 3 64E+03 3.64B+03 3.65B+03 3.65E+03
u238 8.30B+05 B8.30E+05 8.30E+05 8.30BE+05 8.30B+0S 8.30B+05 B8.30E+0S

np237 3.94B+02 1.98E+02 3.99E+02 3 99E+02 3.99B+02 3.99E+02 4.00E+02
pu2lé 6.20BE-04 5.07E-04 4.14E-04 13 .37E-04 2.75B-04 2.24E-04 1.BIE-04
pu23s 1.74E+02 1.85E+02 1.87E+02 1.87E+02 1.86E+02 1.84E+02 1.B3IE+02
pu2ls 1.74B+02 1.85E+02 1.87E+02 1.87E+02 1.86E+02 1.84E+02 1.B3E+02
pu2l9 3.67E+03 3.71E+03 3.71E+03 3.71E+03 3.71B+03 3.71B+03 3.71E+03
pu240 2.27E+03 2.27BE+03 2.27E+03 2.27E+03 2.27E+03 2.27B+03 2.2BE+03
pu24l 1.09E+03 1.05B+03 1.00B+03 9.63E+02 9.24E+02 8.87B+02 8.51E+02
pu242 6.67B+02 6.67B+02 6.67E+02 6.67B+02 6.67RB+02 6.67E+02 6.67B+02
am241 5.75E+01 1.01B+02 1.43E+02 1.84E+02 2.22B+02 2.59E+02 2.35E+02
am242m 1.17E+00 1.17E+00 1.16B+00 1.16E+00 1.15E+00 1.158+00 1.14E+00
am243 1.49E+02 1.49B+02 1.49B+02 1.49E+02 1.49E+02 1.49E+02 1.49B+02
total 8.48E+05 8.48E+05 B.4BE+05 8.48E+05 8.48E+05 B8.4BE+05 8.48E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 4 935.0 & 1246.7 4 1558.3 4 1870.0 4d
mo 95 6.82E+02 7.30E+02 7.33B+02 7.33B+02 7.33E+02 7.33E+02 7.33B+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 d 935.0 4 1246.7 d 1558.3 4 1870.0 4
tc 99 7.72E+02 7.74E+02 7.74E+02 7.74E+02 7.74EB+02 7.74E+02 7.74E+02
rulQl 7.59B+02 7.59E+02 7.59E+02 7.59E+02 7.59B+02 7.59E+02 7.59B+02
rhl03 4.29BE+02 4.53E+02 4.53E+02 4.53E+02 4.53E+02 4¢.53B+02 d4.53E+02
aglo9 9.42E+01 9.43E+01 9.43E+01 9.43E+01 9 .43E+01 9.43E+01 9.43E+01
[} nuclide concentrations, grams
basis =single reactor assembly

oo

initial 311.7 d 623.3 4 935.0 4 1246.7 d 1558.3 4 18B70.0 d
ndl43 7.18B+02 7.29E+02 7.29E+02 7.29E+02 7.29B+02 7.29E+02 7.29E+02
ndl4s 6.48E+02 6.4BE+02 6.48E+02 6.48E+02 6.48E+02 6.48E+02 6.4BE+02
sml47 1.09E+02 1.37E+02 1.59B+02 1.77E+02 1.91E+02 2.03E+02 2.12E+02
sml49 1.38E+00 2.03E+00 2.03E+00 2.03E+00 2.03E+00 2.03E+00 2.03E+00
sml50 2.98E+02 2.98E+02 2.98B+02 2.98E+02 2.98E+02 2.98E+02 2.3BE+02
sml51 1.30E+01 1.30B+01 1.29E+01 1.29E+01 1.28E+01 1.27E+01 1.26E+01
euls5l 2.15e-02 1.07E-01 1.93E-01 2.77B-01 3.62E-01 4.45g-01 5.28E-01

0 nuclide concentrations, grams
basis =single reactor assembly
initial 311.7d4 623.3d 935.0d 1246.7 d 1558.3 4 1870.0 d
smlS2 1.30E+02 1.30E+02 1.30B+02 1.30E+02 1.30B+02 1.30E+02 1.30E+02
euls3 1.21E+02 1.21E+02 1.21E+02 1.21E+02 1.21B+02 1.21E+02 1.21E+02
gdl5s 6.23E-02 6.93E-01 1.25E+00 1.74E+00 2.17E+00 2.55E+00 2.89E+00
total 3.35E+04 3.35E+04 3.35E+04 3 .35B+04 3.35E+04 3.35E+04 3.35E+04
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1 primary module access and input record ( scale driver - 95/03/2% - 09
- module saszh will be called

calvert cliffs 1 pwr, dA047, rod mkpl09, 165.22 cm, 44.34/mtu June %7

' mixtures of fuel-pin-unit-cell:
d4group latticecell

vo2 1 den=10.018 1 997 )
92234 0.027 92235 3.038 92236 0.014 92238 96.921 end

kr-83 1 0 1-20 997 end
kr-85 1 0 1-20 997 end
y-89 1 0 1-20 997 end
sr-90 1 0 1-20 997 end
zr-93 1 0 1-20 997 end
zr-94 1 0 1-20 997 end
zr-95 1 0 1-20 997 end
nb-9¢ 1 0 1-20 997 end
mo-95 1 0 1-20 997 end
tc-99 1 0 1-20 997 end
ru-101 1 0 1-20 937 end
ru-106 1 0 1-20 397 end
rh-103 1 0 1-20 997 end
rh-105 1 0 1-20 997 end
pd-105 1 0 1-20 997 end
pd-108 1 0 1-20 997 end
ag-109 1 0 1-20 997 end
sb-124 1 0 1-20 997 end
xe-131 1 0 1-20 997 end
xe-132 1 0 1-20 997 end
xe-135 1 0 1-20 997 end
xe-136 1 0 1-20 997 end
cs-134 1 0 1-20 997 end
cs-135 1 0 1-20 997 end
¢s-137 1 0 1-20 997 end
ba-136 1 0 1-20 937 end
la-139 1 0 1-20 997 end
pr-141 1 0 1-20 997 end
pr-143 1 0 1-20 997 end
ce-144 1 0 1-20 997 end
nd-143 1 0 1-20 997 end
nd-145 1 0 1-20 997 end
nd-147 1 0 1-20 997 end
pm-147 1 0 1-20 997 end
pm-148 1 0 1-20 997 end
sm-147 1 0 1-20 997 end
sm-149 1 0 1-20 997 end
sm-150 1 ¢ 1-20 %97 end
sm-151 1 0 1-20 997 end
sm-152 1 0 1-20 997 end
eu-153 1 0 1-20 997 end
eu-154 1 0 1-20 9297 end
eu-155 1 0 1-20 937 end
gd-155 1 0 1-20 997 end
arbm-zirc4 6.56 5 0 0 ¢ B016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 620 end
h2o 3 den=0.7332 1 570 end
arbm-bormod 0.7332 1 1 0 0 5000 100 3 330.8e-6 570 end

‘ 331 ppm boron {(wt} in moderator

' fuel-pin-cell geometry:
squarepitch 1.4732 0.9563 1 3 1.1176 2 0.9855 4 end

' assembly and cycle parameters:
npin/assm=176 fuelnght=789.64 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevels=2 numztotals5 end
3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=27.432 burn=306.0 down=71 end
power=28.657 burn=381.7 down=81.3 bfrac=1.419 end
power=23.095 burn=466.0 down=85 bfrac=1.523 end
power=19.498 burn=461.1 down=1870 bfrac=1.488 end
o 119 cr 5.2 mn 0.29
fe 11.0 co 0.066 ni 8.7
zr 195 nb 0.63 sn 3.2

1 55855888588 aaaaaaaaa 8855SSSS838 22222222222 hh hh
$$S5SS55SSSSS aaaaaaaaaas $5S5SSSSSSSSS 2222222222222 hh hh
ss ss aa aa ss ss 22 22 hh hh
L] aa aa ss 22 hh hh
ss aa aa 8s 22 hh hh
555855S$S558 aaaaaaaaaaaaa 5358853585585 22 hhhhhhhhhhhhh

$55858585588 aaaaaaaaaaaaa 885858888888 22 hhhhhhhhhhhhh
8s aa aa ss 22 hh hh
88 aa aa ss 22 hh hh
ss 88 aa aa 55 88 22 hh hh
S35SSS5855558 aa aa 8SSSSSSSSS8SS 2222222222222 hh hh
$55558S8888 aa aa SS8535SSSSS 2222222222222 hh hh
0 :

nn nn  diidiiiiiiii cceeceeeccee hh hh 00000000000

:06:37 )
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nnn nn 111111111111
nnnn nn ii
nn nn nn ii
nn nn nn ii
nn nn nn i
nn . nn
nn nn nn
nn nn nn
nn nnnn
nn nnn
nn nn iiiiddiiiddid
0
0000000 77171711771777777
000000000 7711717717777
00 00 77 77
00 00 77
00 00 77
[s]s] [+]4] 77
00 a0 177
00 00 17
00 00 77
00 00 77
000000000 77
0000000 77
0
11 33333333333
111 3333333333333
1111 ER] 33
11 33
11 33
11 333
11 333 -
11 33
11 33
11 33 33
11111111 3333333333333
11111111 33333333333
1
0
1
0
0
initial 1E-18 4
o 16 1.19B+05 1.19E+05
total 3.43E+05 3.43E+05
initial 1E-18 d
u234 2.38B+02 2.38E+02
u23s 2.68E+04 2.68E+04
u236 1.23E+02 1.23E+02
u238 8.54E+05 8.54E+05
total 8.81E+05 8.81E+05
4]
0 initial
[ initial
0
initial 311.7 4
o 16 1.19E+05 1.19E+05
0

LR e R T TRy

cececceccceceee  hh hh
ce ecc hh hh
cc hh hh
cc hh hh
cc hhhhhhhhhhhhh
ce hhhhhhhhhhhhh
cc hh hh
cc hh hh
cc cc hh hh
cceccececccccee hh hh
cccccecceeee hh hh
/7 33333333333
1/ 3333333333333
2 3 33
/17 33
/1 a3
1/ 333
/7 333
17 33
/7 33
2 33 33
/77 3333333333333
77 333333333133
22222222222
2222222222222
22
22
22
22
22
22
22
2222222222222
2222222222222
=] {ofolafad
ES888s ccce cce
8s ss cc cc
ss cc
ss cc
858538883888 ce
8858883538885 cc
8B cc
ss cc
3s ss cc ce
8s3sssssssssss  ccoccccceceee
85385588385 ceeccceccee

0000000000000
0o co
oo oo
oo oo
oo oo
oo oo
oo oo
oo oo
oo oo
0000000000000
00000000000
0000000
000000000
00 00
] 00
oo 00
00 00
a0 o0
00 00
00 00
a0 00
000000000
0000000
33333333333
3333333333333
33
33
33
333
333
33
33
13 33
3333333333333
33333333333
aaaaaaaaa
aaaaaaaaaaa
aa aa
aa aa
aa aa
aaaaaaaaaaaaa
aaaaaaaaaaaaa
aa aa
aa aa
aa aa
aa aa
aa aa

1111111111111
1111111111111

/7

1111111111111
1111111111111
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99999999999
9999999999999

99
99 99

9
9999999999999
999999999999

9999999999999

1999999939999

5555555555555
5555555555555

555555555555

5555555555555
55
55

55 55
5555555555555
55555555555

eeceeeseceseee
ecgecceccceee
ee

ee

ee

eeeeceeee
eeceeeeeee

ee

ee

es
ececeeeeeeeee
eeeeeeeceeceeee

R R T e T T R e Y e Y

R T R L LR LR R T Y T R R R R LR L

R g g R e L R R R R R R R R R R R R

trreravsvsnrnanenne

program verification information

code system:

program:

creation date:

sas2

03/07/97

library:
this is not a scale
jobname: nichol
date of execution: 07/30/97
time of execution: 13:23:58

scale version:

/opt/neut/Scaled.3/bin

4.3

configuration controlled code

D R R R R I

R S L LR R T T T TR TR PRy

arevs
asene
cunne

reeen

LR R N L X

R L R R L L T e L T

L T N N R R R R T I

nuclide concentrations, grams
basis =single reactor assembly

nuclide concentrations,

grams

basis =gingle reactor assembly

basis

nuclide concentrations,

30.6 &
30.6 d

45.9 d
45.9 4
grams

basis =single reactor assembly
1246.7 4 1558.3 4 1870.0 4

623.3 4
1.19E+05

935.0 A4
1.19E+05
nuclide concentrations,

1.19E+05

1.19E+05

grams

basis =single reactor assembly

1.19B+05

7777777777171
7717777277717
17 77
77
”
7”7

7777777777777
7777777777717
77 77
77
77
77
77
77
77
77
77
77
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initial 311.7 4 623.3 4 935.0 d 1246.7 4 1558.3 4 1870.0 d
mo 95 2.03E+01 2.22E+01 2.23E+01 2.23E+01 2.23E+01 2.23E+01 2.23E+01
tc 99 1.34E-04 1.35E-04 1.35g-04 1.35E-04 1.35BE-04 1.35E-04 1.35B-04

total 3.43E+05 3.43E+05 3J.43E+05 3.43E+05 3.43B+05 3.43E+05 3 .43E+05
[’} nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 a 935.0 d 1246.7 4 1556.3 4 1870.0 d

u233 1.50B-03 1.66E-03 1.81E-03 1.96E-03 2.12E-03 2.27B-03 2.42E-03
u23d 1.12E+02 1.14E+02 1.16E+02 1.17E+02 1.19B+02 1.21B+02 1.22E+02
u23is 3.30E+03 3.30B+03 3.30E+03 3.30E+03 3.30BE+03 3.30B+03 3.30E+03
u23é 3.75E+03 3.75E+03 3.75E+03 3.7S5E+03 3.7SE+03 3.75E+03 3.75E+03
u238 8.24E+05 B8.24E+05 B.24E+05 8.24E+05 8.24E+05 B8.24E+05 B.24E+05
np237 4.93E+02 4.99E+02 5.00E+02 5.00E+02 S5.00E+02 S.01E+02 5.01B+02
pu2ié 1.00E-03 8.19B-04 6.6BE-04 5.45E-04 4.44E-04 3.62E-04 2.96E-04
pu23g 2.37E+02 2.51B+02 2.53B+02 2.53BE+02 2.51E+02 2.50B+02 2.48E+02
puz23is 2.37E+02 2.51E+02 2.53E+02 2.53E+02 2.51E+02 2.50E+02 2.4BE+02
puz23g 4.46E+03 4.52E+03 4.52E+03 4.52E+03 4.52E+03 4.52E«03 4.52BE+03
pu24do 2.51E+03 2.51E+03 2.52B+03 2.52E+03 2.52E+03 2.528+03 2.S53E+03
pu2dl 1.27B+03 1.22E+03 1.17E+03 1.13B+03 1.08E+03 1.04E+03 9.95B+02
pu242 8.44E+02 8.44E+02 8.44E+02 38 .44E+02 B.44E+02 8.44E+02 8.44EB+02
am241 6.46E+01 1.16E+02 1.65E+02 2.12E+02 2.57E+02 3.01E+02 3.42E+02
am242m 1.232+00 1.22E+00 1.22E+00 1.21E+00 1.21E+00 1.20B+00 1.20B+00
am243 2.19E+02 2.19E+02 2.19E+02 2.19E+02 2.19E+02 2.19B+02 2.19B+02
total B.41E+05 8.41E+05 8.41E+05 B8.41E+05 8.41E+05 B8.41E+05 8.41E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 @ 623.3 a4 935.0 d - 1246.7 4 1558.3 4 1870.0 d
mo 95 7.89E+02 8.43E+02 8.46E+02 B8.46E+02 8.46E+02 B.46E+02 B8.46E+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 d 623.3 4 935.0 d 1246.7 d 1558.3 4 1870.0 4
tc 99 8.91E+02 B8.93E+02 8.93E+02 .93E+02 8.93E+02 8.93B+02 B.93E+02
rulQl 8.99E+02 8.99E+02 8.99B+02 .99E+02 8.99E+02 8.99E+02 8.99E+02
rhl03 4.89E+02 5.18B+02 5.1BE+02 .1BE+02 5.18E+02 5.18E+02 §5.1B8E+02
aglo9 1.17E+02 1.17B+02 1.17E+02 L17E+02 1.17B+02 1.17E+02 1.17E+02
0 nuclide concentrations, grams
basis =single reactor assembly

co

oo

initial 311.7 4 623.3 4 935.0 4 1246.7 4 1558.3 4 1870.0 4
ndl43 7.63E+02 7.75E+02 7.75E+02 7.75E+02 7.75E+02 7.7SE+02 7.75E+02
ndl45 7.38E+02 7.38E+02 7.38E+02 7.38B+02 7.38E+02 7.38E+02 7.38B+02
sml4? 1.12E+02 1.41E+02 1.64E+02 1.83B+02 1.97E+02 2.09E+02 2.19E+02
sml49 1.41E+00 2.23E+00 2.23E+00 2.23E+00 2.23E+00 2.23E+00 2.23E+00
sml50 3.67E+02 3.67E+02 3.67E+02 3.67E+02 3.67E+02 3.67E+02 3.67E+02
sm151 1.33B+01 1.34E+01 1.33E+01 1.32B+01 1.31E+01 1.30E+01 1.29E+01
eulSl 1.78E-02 1.06E~01 1.93E-01 2.80E-01 3.67E-01 4.53E-01 S.38E-01

o nuclide concentrations, grams
basis =single reactor assembly
initial 311.7 4 623.3 d 935.0d 1246.7 d 1558.3 d 1870.0 d
smlS52 1.51E+02 1.51E+02 1.51E+02 1.51E+02 1.51E+02 1.51E+02 1.51E+02
euls3 1.50E+02 1.51E+02 1.51E+02 1.S51E+02 1.51E+02 1.51E+02 1.51E+02
gdlss 7.05E-02 9.64E-01 1.75E+00 2.4SE+00 3.06E+00 3.60E+00 4.07E+00
total 3.99E+04 3.99E+04 3.99E+04 3.99E+04 3.99E+04 3.99E+04 3.99E+04



Attachment II: B0O0000000-01717-0200-00138 REV 00

d101g18.sum

P L L R R R e e A A A

.

-
.
.
.
.
-
-

Bulletin Board

Welcome to SCALE-4.3.
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primary module access and input record { scale driver - 95/03/29 - 09

- module saszh

will be called

calvert cliffs 1 pwr, d101, rod mla098, 8.9 cm 18.68gwd/mtu June 97

' mixtures of fuel-pin-unit-cell:

d44group

latticecell
uo2 1 den=10.018 1 737
92234 0.024 92235 2.72

92236 0.013 92238 97.243 end

kr-83 1 0 1-20 737 end
kr-85 1 0 1-20 737 end
y-89 10 1-20 737 end
sr-90 1 0 1-20 737 end
zr-93 1 0 1-20 737 end
zr-94 1 0 1-20 737 end
zr-95 1 0 1-20 737 end
nb-94 1 0 1-20 737 end
mo-95 1 0 1-20 737 end
tc-99 1 0 1-20 737 end
ru-101 1 ¢ 1-20 737 end
ru-106 1 0 1-20 737 end
rh-103 1 0 1-20 737 end
rh-105 1 0 1-20 737 end
pd-105 1 0 1-20 737 end
pd-108 1 0 1-20 737 end
ag-109 1 0 1-20 737 end
sb-124 1 0 1-20 737 end
xe-131 1 0 1-20 737 end
xe-132 1 0 1-20 737 end
xe-135 1 0 1-20 737 end
xe-136 1 0 1-20 737 end
¢s5-134 1 0 1-20 737 end
cs-135 1 0 1-20 737 end
cs-137 1 0 1-20 737 end
ba-136 1 0 1-20 737 end
1a-13% 1 0 1-20 737 end
pr-141 1 0 1-20 737 end
pr-143 1 0 1-20 737 end
ce-144 1 0 1-20 737 end
nd-143 1 0 1-20 737 end
nd-145 1 0 1-20 737 end
nd-147 1 0 1-20 737 end
pm-147 1 0 1-20 737 end
pm-148 1 0 1-20 737 end
sm-147 1 0 1-20 737 end
sm-149 1 0 1-20 737 end
sm-150 1 0 1-20 737 end
sm-151 1 0 1-20 737 end
sm-152 1 0 1-20 737 end
eu-153 1 0 1-20 737 end
eu-154 1 0 1-20 737 end
eu-155 1 0 1-20 737 end
gd-155 1 0 1-20 737 end
arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

h2o 3 den=0.

arbm-bormod

' 331 ppm boron (wt}

40000 98.18 2 1.0 620 end
7576 1 557 end

0.7576 1 1 0 0 5000 100 3 330.8e-6 557 end

in moderator

. fuel-pin-cell geometry:

squarepitch

1.4732 0.9563 1 3 1.1176 2 0.9855 0

4 assembly and cycle parameters:

npin/assm=176 fuelnght=789.64 ncycles=3

nlib/cyc=5

printlevel=5 lightel=9 inplevel=2 numztotal=5 end
3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431
power=13.760 burn=306.0 down=71 end

power=15.505
power=13.601

burn=381.7
burn=466.0

down=81.3 bfrac=1.419 temkcyc=764 end

down=2374

bfrac=1.523 temkcyc=7

34 end

o 119 cr 5.2 mn 0.29
fe 11.0 co 0.066 ni 8.7
zr 195 nb 0.63 sn 3.2

1 SsSssssssss aaaaaaaaa SESSSSSSSES 22222222222
5853838858858 aaasaaaaaaaa 2222222
ss ss aa aa 88 ss 22 22
8s aa aa 88 22
ss aa aa 85 22
855538585585 aaaaaaaaaaaaa S$85855SS8SE 22
$$SS5S8858SSS aaaaaaaaaaaaa 5835388SSSSS 22
58 aa aa 88 22
ss aa aa 8s 22
ss 88 aa aa s8 13 22
5888558388858 aa aa 8555885588585 2222222222222
SSS88588885 aa aa 88888888585 2222222222222
0
nn nn ceceoecceecece hh hh
nann nn  iiiiiiiididd cccececceceec hh hh

%%EEEEE
EEFEE

EEEEE
EEEEE

00000000000
0000000000000

:06:37 )

11
11
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(=3

cor

ocooo

nnnn nn id cc cc hh bkh oo co 11
nn nn nn ii cc hh hh oo co 11
nn  nn nn ii cc hh hh oo oo 11
nn nn nn ii ce hhhhhhhhhhhhh oo oo 11
nn an  nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn on ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh oo 00 11
nn nnn ijddiidiidid cccccecceccee hh hh 0000000000000 1111111111111
nn nan  iiddididdidid cccecececeec hh hh 00000000000 1111111111111
0000000 7777777777717 /7 33333333313 0000000 /7 99999999999
000000000 7731777777777 // 3333333333333 000000000 /7 9999999999599
00 00 77 77 14 33 33 00 00 144 99 99
00 00 77 1/ 33 00 00 /! 99 99
00 00 77 1/ 33 00 00 1% 99 99
00 00 77 14 333 00 00 s 9999999999999
00 00 77 /7 333 00 00 /7 999999999999
00 [+]Y] 77 /7 33 o0 00 ’ 99
00 00 77 1/ 33 00 00 144 99
0o 00 77 12 33 33 o0 00 124 99
000000000 77 17/ 3333333333333 000000000 1/ 9999999999999
0000000 77 /7 33333333333 0000000 /7 999999999999
11 44 0000000 33333333333 5555555555555
i11 444 000000000 3333333333333 5555555555555
1111 4444 oo 00 33 33 S5
11 44 44 00 00 33 55
11 44 44 00 00 33 55
11 44 (Y} 00 00 333 555555555555
11 44 44 00 00 333 5555555555555
11 444444444444 a0 00 33 55
11 4444444444444 00 00 33 55
11 4“ 00 00 33 33 55 55
11111111 44 000000000 3333333333333 5555555555555
11111111 44 0000000 33333333333 55555555555
585558588888 ccececcecece aaaaaaaaa 11 eeecececoeeee
8588385388888  CCCCCCCCCCCCC aaaaaaaaaaa 11 ececeeceeeceee
ss ss ce cc aa aa 11 ee
58 cc aa aa 11 ee
ss8 cc aa aa 11 ee
55555S888855 cc aaaaaaaaaaaaa 11 eeeececeee
588883888888 CC asaaaaaaaaaaa 11 eeececeee
58 cec aa aa 11 ee
ss cc aa aa 11 ee
55 ss8 cc cc aa aa 11 ee
S88585S8S8SSS cceecececcceee aa aa 1111111111111 eceeeeecceeeee
sSsSs ccce aa aa 1111111111111 eeceeceeeeeee
P L R Ry R T N L
D R R R L L Ll R D R e
R A N AR R A AR AR N R AR AR R TR F R S RO SRR RN R AN SRR NS N TSRO SN T R T AR RO
cevun rewn
cernw program verification information Mbbd
eeenw reeee
hobhad code system: scale version: 4.3 e
tevne rree
B L I I I I
R R I NN T
rnae P
suaas “canun
crnne program: sas2 cenaw
“veee RPN
il creation date: 03/07/97 bbb
cranw I
ol library: /opt/neut/Scaled.3/bin LA A AN
vesns wemnw
srans srnew
ew this is not a scale configuration controlled code weewe
seene treen
il jobname: nichol wewnw
teenw reenw
hbidd date of execution: 07/30/97 rrene
creee revew
e time of execution: 14:03:54 evew
PR reree
reawn resar
D L L T T e R T L LR S Ty T T PR
LR T Ty Ty Ty D R LR L L T T Ty Y
R R I IIIImmImInmIIIIERTTTI™™
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 &
o 16 1.19E+05 1.19E+05
total 3.43E+05 3.43E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-~18 d
u234 2.12E+02 2.12EB+02
u235 2.40E+04 2.40E+04
u236 1.158+02 1.15E+02
u238 8.57E+05 B8.57E+0S
total 8.81E+05 B.B81E+05
basis =
initial 15.3 4 30.6 d 45.9 a 61.2 4 61.2 4
initial 15.3 4 30.6 d 45.9 4 61.2 d 61.2 4
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.3 4 1187.0 d 1582.7 d 1978.3 4 2374.0 4
o 16 1.19E+05 1.19E+05 1.19E+05 1.19B+05 1.19B+05 1.19E+05 1.19E+0S
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 d 791.3 4 1187.0d 1582.7 d 1978.3d 2374.0 d
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Attachment II:
mo 95 7.43E+00
tc 99 7.21BE-06

total 3.43E+05

[}

initial

u233 1.07E-03
u234 1.56E+02
u23is 1.03B+04
u23é 2.44E+03
u23s 8.46E+0S
np237  1.63E+02
pu23é 1.22E-04
pu23s 3.58E+01
puz2ig 3.58E+01
pu239 3.35E+03
puzdo 1.32E+03
pu24l 5.82E+02
pu24d2 1.50E+02
am241 2.43B+01
am242m 4.59E-01
am243 1.69E+01
total B.64E+05

0

0

initial
mo 95 3.55E+02
tc 99 4.19E+02

0

initial
rulll 3.87E+02
rhl03 2.42E+02
aglo9 3.90E+01

0

initial
ndl43 4.61E+02
ndl4s 31.62E+02
sml4? 5.80E+01
sml49 1.38E+00
sml50 1.39E+02
sml51 9.73E+00
eul5l 2.26E-02
sml52 7.11E+01
euls53 4.72E+01

0

initial
gd155 2.70E-02

total

1.70E+04

B00000000-01717-0200-00138 REV 00

8.51E+00
7.29E-06
3.43E+05

395.7 4
1.13e-03
1.57E+02
1.03E+04
2.44E+03
8.46E+05
1.66E+02
9.42E-05
3.90E+01
3.90E+01
3.38E+03
1.32E+03
5.52E+02
1.50E+02
5.39E+01
4.57E-01
1.69B+01
8.64B+05

395.7 4
4.00E+02
4.20E+02

395.7 a4
3.87E+02
2.60B+02
3.91E+01

.7SE+01

395.7 A
3.09E-01
1.70E+04

8.53B+00
7.29E-06
3.43E+05

791.3 4
1.20E-03
.57E+02
.03E+04

OO 00 Ut LW ) DR e

.64B+05

791.3 4
4.00E+02
4.20E+02

791.3 4
3.87E+02
2,60E+02
3.91E+01

-75E+01

791.3 4
5.49E-01
1.70E+04

8.53E+00 8.53B+00
7.29E-06 7.29E-Q6
3.43E+05 3.43E+05

8.53B+00
7.29E-06
3.43B+05

8.
7.
3.

nuclide concentrations, grams
basis =single reactor assembly
1187.0 d 1582.7 4 1978.3 4 2374.0 4

1.26E-03 1.32E-03
1.57E+02 1.58E+02

1.03E+04 1.03E+04
2.44E+03 2 .44E+03
8.46B+05 8.46B+0S
1.66BE+02 1.66E+02
5.61B-05 4.33E-05
3.90B+01 3.87E+01
3.90B+01 3.B7E+01
3.38E+03 3.3BE+03
1.32E+03 1.32E+03
4.97E+02 4.72B+02
1.50B+02 1.50B+02
1.08E+02 1.34E+02
4.52E-01 4.50E-01
1.69E+01 1.69E+01
8.64E+05 8.64E+05

1.398-03
1.58E+02
1.03B+04
2.44E+03
B8.46E+05
1.66E+02
3.34E-05
3.84E+01
3.84E+01
3.38E+03
1.32E+03
4.48E+02
1.50E+02
1.57B+02
4.47E-01
1.69E+01
B.64E+05

1.
1.
1.
2.
8.
1.
2.
3.
3.
3.
1.
4.
1.
1.
4.
1.
8.

element concentrations, grams
nuclide concentrations, grams

basis =single reactor assembly

1187.0 4 1582.7 a
4.00E+02 4.00E+02
4.20E+02 4.20E+02

1878.3 4
4.00B+02
4.20B+02

S3IE+00
29E-06
43E+05

45B-03
58B+02
03B+04
44E+03
46B+05
67E+02
58E-05
81E+01
81E+01
38E+03
32E+03
25E+02
50E+02
80B+02
4SE-01
69E+01
64E+05

2374.0 @

4.
4.

nuclide concentrations, grams

basis =single reactor assembly

Q0E+02
20E+02

1187.0 d 1582.7 4 1978.3 4 2374.0 4

3.87E+02 1.87E+02
2.60E+02 2.60E+02
3.91E+01 3.91E+01

nuclide concentrations,

3.87E+02

3

.87E+02

2.60E+02 2.60E+02

3.91E+01

3

grams

.91E+01

basis =single reactor assembly
1187.0 4 1582.7 4 1978.3 d 2374.0 4

4.70E+02 4.70E+02
3.63B+02 3.63E+02
1.23E+02 1.34E+02
1.84B+00 1.B4E+00
1.39B+02 1.39E+02
9.59E+00 9.S1E+00
2.66E-01 3.45E-01
7.11E+01 7.11E+01
4.75E+01 4.75E+Q1

nuclide concentrations,
basis =single reactor assembly

1187.0 4 1582.7 4
7.53E-01 9.27E-01
1.70E+04 1.70E+04

4.70B+02
3.63B+02
1.43E+02
1.84E+00
1.39E+02
9.43E+00
4.24E-01
7.11E+01
4.75B+01

4.
3.
1.
1.
.39E+02
.35E+00
.03E-01
.11E+01
.75E+01

1
9
5
7

4

grams

TOE+02
63E+02
SOE+02
84E+00

1978.3 4 2374.0 4

1.08E+00
1.70E404

1.
1.

20E+00
70E+04
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Welcome to SCALE-4.3.
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primary module access and input record ( scale driver - 95/03/29 - 09

module saszh will be called

calvert cliffs 1 pwr, Al101, rod mla098, 24.5 cm 26.62gwd/mtu June 97

: mixtures of fuel-pin-unit-cell:

44group latticecell
uo2 1 den=10.018 1 841
92234 0.024 92235 2.72 92236 0.013 92238 97.243 end

kr-83 1 0 1-20 841 end
kr-85 1 0 1-20 841 end
y-89 1 0 1-20 841 end
sr-90 1 0 1-20 841 end
zr-93 1 0 1-20 B41 end
zr-94 1 0 1-20 841 end
zr-95 1 0 1-20 841 end
nb-94 1 0 1-20 841 end
mo-95 1 0 1-20 841 end
te-99 1 0 1-20 841 end
ru-101 1 0 1-20 841 end
ru-106 1 0 1-20 841 end
rh-103 1 0 1-20 841 end
rh-105 1 0 1-20 841 end
pd-105 1 0 1-20 841 end
pd-108 1 0 1-20 841 end
ag-109 1 0 1-20 841 end
sb-124 1 0 1-20 841 end
xe-131 1 0 1-20 841 end
xe-132 1 0 1-20 841 end
xe-135 1 0 1-20 841 end
xe-136 1 0 1-20 841 end
cs-134 1 0 1-20 B4l end
cs-135 1 0 1-20 841 end
cs5-137 1 0 1-20 841 end
ba-136 1 0 1-20 841 end
la-139 1 0 1-20 841 end
pr-141 1 0 1-20 841 end
pr-143 1 0 1-20 841 end
ce-144 1 0 1-20 841 end
nd-143 1 0 1-20 841 end
nd-145 1 0 1-20 841 end
nd-147 1 0 1-20 841 end
pm-147 1 0 1-20 841 end
pm-148 1 0 1-20 B4l end
sm-147 1 0 1-20 B4l end
sm-149 1 0 1-20 B41 end
sm-150 1 0 1-20 841 end
sm-151 1 0 1-20 841 end
sm-152 1 0 1-20 841 end
eu-153 1 0 1-20 841 end
eu-154 1 0 1-20 841 end
eu-155 1 0 1-20 841 end
gd-155 1 0 1-20 841 end
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 620 end
h2o 3 den=0.7571 1 558 end
arbm-bormod 0.7571 1 1 0 0 5000 100 3 330.8e-6 558

‘331 ppm boron (wt)} in moderator

' fuel-pin-cell geometry:

squarepitch 1.4732 0.9563 1 3 1.1176 2 0.9855

! assembly and cycle parameters:
npin/assm=176 fuelnght=789.64 ncycles=3 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=5 end

end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431

power=20.406 burn=306.0 down=71 end

power=22.090 burn=381.7 down=81.3 bfrac=1.419 temkcyc=867 end
power=18.855 burn=466.0 down=2374 bfrac=1.523 temkcyc=817 end

o 119 cr 5.2 mn 0.29
fe 11.0 co 0.066 ni 8.7
zr 195 nb 0.63 sn 1.2

cecceccecee hh
ceeecececceee hh

55588585888 aaaaaaaaa BES8S5S588S 22222222222
SSS5S858SS8SS aaaaaaaaaaa S885558SSSS88 2222222222222
ss 8s aa aa ss -1 22 22
ss aa aa 8% 22
ss aa aa 8s 22
888885335388 aaaaaaaaaaaaa 5885885558853 22

$8S8585885885 aaaaaaaaaaaaa 8885588855885

ss aa aa 8s 22

as aa aa ss 22
ss ss aa aa -X ss 22
SSE555SSSSSSS aa aa 8888555558855 2222222222222
SSS8SSS8S8S aa aa 83S88SSSSES 2222222222222

hh
hh

%%EE?EE
FEEEE

EEFEFE
BEBEF

00000000000
0000000000000

:06:37

11
11

}
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nann nn cc cc  hh hh oo oo 11
nn nn nn ce hh hh oo oo 11
nn  an nn cc hh hh oo oo 11
nn nn nn ce hhhhhhhhhhhhh oo oo 11
nn nn  nn cc hhhhhhhhhhhhh oo oo 11
nn nn  nn ce hh hh oo oo 11
nn nn nn ce hh hh oo oo 11
nn nnnn cc cc hh hh oo oo 11
nn nnn ccceceecececceee hh hh 0000000000000 1111111111111
nn nn cecececeeceece hh hh 00000000000 1111111111112
0000000 717717777717177 /4 33333333333 0000000 /7 99999999999 7777717177717
000000000 771177777777 17/ 3333333333333 000000000 /! 9999999999999 777777771777
00 00 7 77 /1 33 a3 00 00 14 99 99 77 77
00 00 77 1/ 33 00 00 1/ 99 99 77
00 00 77 17 33 00 00 /! 99 99 77
00 00 77 /4 333 00 00 14 9999999999999 77
00 00 77 124 333 00 00 /1 999999999999 7”7
00 00 77 124 33 00 00 /7 77
00 00 77 143 33 [114] o0 /7 99 77
00 00 77 1/ 33 33 00 00 124 i 77
000000000 77 /7 3333333333333 000000000 77/ 9999999999999 77
0000000 77 /7 33333333333 0000000 /7 999999999999 77
11 44 33333333333 22222222222 333333332313 333333333233
111 444 3333333333333 2222222222222 3333333333333 3333333333313
1111 4444 B 33 33 22 22 HE 33 33 33 33
11 44 44 33 22 33 33
11 4 44 Tot 33 22 33 33
11 44 44 333 22 333 333
11 44 44 333 22 333 333
11 4444444444844 HE 33 22 33 33
11 4444444444444 33 22 33 33
11 44 P 33 33 22 e 33 33 33 33
11111111 “” 3333333333333 2222222222222 3333333333333 3333333333333
11111111 44 33333333333 2222222222222 33333333333 33333333333
S5SSS555S88S cceccecececece aaaaaaaaa 11 eeecececeeceee
8ssss c cccee aaaaaaaaaaa 11 eececeecececeeee
ss 88 cc cc aa aa 11 ee
ss cc aa aa 11 ee
5§ cec aa aa 11 ee
5353885888SS cc aaaaaaaaaaaaa 11 ececceeee
853385888888 CC aaaaaaasaaaaa 11 ecceceeee
ss cc aa aa 11 ee
-3 cc aa aa 11 ee
ss ss cc cec aa aa 11 ee
5555858588888 cccceceeececce aa aa 1111111111111 eeecececeeeee
S88888888SS cceceeccecccee aa aa 1111111111111 eeeeceeceeeee
D R R L T I I
PR R T T T T T T PO R R T I I T .
D R L R R R N L T I
rrenn “vane
il program verification information rerew
sanae
i code system: scale version: 4.3
vesn hwere
D R L L L L Ll R e e o T
B L L R T D D T T T
LR 2 - LR R
rean sesaw
crwae program: sas2 TS
weaen TS
LA hdd creation date: 03/07/97 awwwe
teven wwree
A library: /opt/neut/Scaled.3/bin saeae
rraww annne
e wweew
bk this is not a scale configuration controlled code bbehehd
veren aeane
i jobname: nichol bbb
arree
hddid date of execution: 07/30/97
cennn
idad time of execution: 14:32:13
cenen
cannn
D D R L L T D T T I I
Ry O I I R I I I I I I I I I I I T TN .
D L N I I
nuclide concentrations, grams
basis =single reactor assembly
initial 1EBE-18 4
o 16 1.19E+05 1.19E+05
total 3.43E+05 3 .43E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
u234d 2.12E+02 2.12E+02
u235 2.40E+04 2.40E+04
u236 1.15E+02 1.15E+02
u238g 8.57E+05 8.57EB+0S
total 8.81E+05 8.81E+05
basis =
initial 15.3 d 30.6 & 45.9 d 6l1.2 4 61.2 d
initial 15.3 4 30.6 4 45.9 4 61.2d 61.2 d
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.2d 1187.0d 1582.7d 1978.3 d 2374.0 d
o 16 1.19E+05 1.19E+05 1.19B+05 21.19E+05 1.19B+05 1.19E+05 1.19E+05
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7d 791.3d 1187.0 4 1582.7 d 1978.3 d 2374.0d
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mo 95 1.10E+01 1.26E+01 1.26E+01 1.26E+01 1.26E+01 1.26E+01 1.26E+01
tc 99 2.38E-05 2.41B-05 2.41B-05 2.41E-05 2.41E-05 2,41B-05 2.41E-05
total 3.43E+05 3.43B+05 3.43E+05 3.43E+05 3.43E+05 3 43E+05 3.43E+0S
nuclide concentrations, grams
basis =single reactor assembly

initial 395.7 d 791.3 4 1187.0d 1582.7 d 1978.3 4 2374.0 d
u233 1.24E-03 1.34E-03 1.44E-03 1.54E-03 1.64E-03 1.74E-03 1.84E-03
u23d 1.36E+02 1.37E+02 1.37B+02 1.38E+02 1.39E+02 1.40BE+02 1.40E+02
u23s 7.05E+03 7.05B+03 7.05B+03 7.05B+03 7.05BE+03 7.05E+03 7.05B+03
u236 2.93E+03 2.93E+03 2.93B+03 2.93E+03 2.93E+03 2.93E+03 2.93B+03
u23g 8.40E+05 8.40B+05 B8.40E+05 8.40B+05 8.40B+05 8.40B+05 8.40BE+05

np237 2.59E+02 2.63E+02 2.63B+02 2.63B+02 2.64B+02 2.64E+02 2.64E+02
pu2lé 3.03E-04 2.35e-04 1.81E-04 1.40B-04 1.08E-04 8.33E-05 6.43E-05
pu238 8.35E+01 9.09E+01 9.15B+01 9.10B+01 9.03E+01 8.95E+01 8.88E+01
pu238 B.35E+01 9.09E+01 9.15BE+01 9.10B+01 $.03E+01 8.958+01 8.88E+01
pu239 3.37E+03 3 .42E+03 3.42E+03 3.42E+03 3.42B+03 3.42B+0] 3.42E+03
pu240 1.89E+03 1.89E+03 1.89E+03 1.89E+03 1.89B+03 1.89E+03 1.89E«03
pu24l 8.88E+02 8.42E+02 7.99E+02 7.59E+02 7.20B+02 6.B3E+02 6 .48E+02
pu242 3.74E+02 3.74E+02 3.74E+02 3.74E+02 3 .74B+02 3 .74B+02 3.74E+02
am241 3.34E+01 7.85E+01 1.21E+02 1.62E+02 2.00B+02 2.37B+02 2.71E+02
am242m 7.15B-01 7.11E-01 7.07E~01 7.04E-01 7.00E-01 6.96E-01 6.93E-01
am243 6.20E+01 6.20E+01 6.20E+01 6.20BE+01 6.20E+01 6.20BE+0l 6.20E+01
total 8.57E+05 B8.57E+05 8.S7E+05 8.57E+05 8.57E+0S B.57E+05 B8.57E+0S )

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7d 791.3 4 1187.0d 1582.7d 1978.3 4 2374.0 4
mo 95 4.86B+02 S.44E+02 5.46B+02 5.46B+02 5.46E+02 5.46E+02 5.46E+02
tc 99 S.76E+02 5.78E+02 S5.7BE+02 5.78E+02 5.78E+02 5.78E+02 5.78E+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 d 791.3 4 1187.0d 1582.7 ¢ 1978.3 4 2374.0 4
ruldl 5.50B+02 5.50E+02 5.S50B+02 5.S0E+02 5.50E+02 5.50E+02 5.50E+02
rhl03 3.31E+02 3.57E+02 3.57B+02 3.S7E+02 3.57B+02 3.57B+02 3.57E+02
agl09 6.55E+01 6.55E+01 6.55B+01 6.55E+01 6.55E+01 6.S55E+01 6.55E«01
[o] nuclide concentrations, grams
bagis =single reactor assembly

oo

initial 395.7 4 791.3 4 1187.0d 1582.7 d 1978.3 4 2374.04
ndl43 5.83E+02 5.95E+02 5.95E+02 5.95B+02 5.95E+02 5.95B+02 5.95E+02
nd145 4.89E+02 4.89E+02 4 .89E+02 4.89E+02 4.89E+02 4.89E+02 4.89E+02
smld7 7.06E+01 1.05E+02 1.30E+02 1.49E+02 1.64E+02 1.74E+02 1.82E+02
smld9 1.46E+00 2.1BE+00 2.18E+00 2.18E+00 2.18E+00 2.1BE+00 2.1BE+00
sml50 2.12B+02 2.12E+02 2.12E+02 2.12B+02 2.12E+02 2.12E+02 2.12E+02
sml51 1.20E+01 1.20E+01 1.19E+01 1.18E+0l1 1.17E+01 1.16E+01 1.15B+01
eul5l 1.87E-02 1.19E-01 2.1%E-01 3.1BE-01 4.16E-01 S.14E-01 6.10E-01
sml52 9.89E+01 9.89E+01 9.89E+01 9 .83E+01 9.89E+01 9.89E+01 9.89E+01
euls3 7.91E+01 7.95E+01 7.95E+01 7.95E+01 7.95E+01 7.95E+01 7.95E+01

0 ) nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.3 d 1187.0 4 1582.7 4 1978.3 d 2374.0 4
gdl155 3.48B-02 S5.02E-01 9.00E-01 1.24E+00 1.53E+00 1.77E+00 1.98E+00
total 2.41E+04 2 .41E+04 2.41E+04 2.41E+04 2.41E+04 2.41E+04 2.41E+04
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Welcome to SCALE-4.3.
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primary module access and input record ( scale driver - 95/03/29 - 09

module sas2h will be called

calvert cliffs 1 pwr, d101, rod mlad98, 161.7 cm 33.17gwd/mtu June 37

‘ mixtures of fuel-pin-unit-cell:

44group latticecell
uo2 1 den=10.018 1 939
92234 0.024 92235 2.72 92236 0.013 92238 97.243 end

kr-83 1 0 1-20 939 end
kr-85 1 0 1-20 939 end
y-89 10 1-20 939 end
sr-90 1 0 1-20 939 end
2r-93 1 0 1-20 939 end
zr-94 1 0 1-20 939 end
zr-95 1 0 1-20 939 end
nb-94 1 0 1-20 939 end
mo-95 1 0 1-20 939 end
tc-99 1 0 1-20 939 end
ru-101 1 0 1-20 939 end
ru-106 1 0 1-20 939 end
rh-103 1 0 1-20 939 end
rh-105 1 0 1-20 $39 end
pd-105 1 0 1-20 939 end
pd-108 1 0 1-20 939 end
ag-109 1 0 1-20 939 end
sb-124 1 0 1-20 939 end
xe-131 1 0 1-20 939 end
xe-132 1 0 1-20 939 end
xe-135 1 0 1-20 939 end
xe-136 1 0 1-20 939 end
cs-134 1 0 1-20 939 end
cs-135 1 0 1-20 939 end
©s-137 1 0 1-20 939 end
ba-136 1 0 1-20 939 end
la-139 1 0 1-20 939 end
pr-141 1 0 1-20 939 end
pr-143 1 0 1-20 939 end
ce-144 1 0 1-20 939 end
nd-143 1 0 1-20 939 end
nd-145 1 0 1-20 939 end
nd-147 1 0 1-20 939 end
pm-147 1 0 1-20 939 end
pm-148 1 0 1-20 939 end
sm-147 1 0 1-20 939 end
sm-149 1 0 1-20 939 end
sm-150 1 0 1-20 939 end
sm-151 1 0 1-20 %39 end
sm-152 1 0 1-20 939 end
eu-153 1 0 1-20 939 end
eu-154 1 0 1-20 939 end
eu-155 1 0 1-20 939 end
gd-155 1 0 1-20 939 end
arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 S0000 1.40

40000 98.18 2 1.0 620 end
h2o 3 den=0.7341 1 570 end

arbm-bormod 0.7341 1 1 0 0 5000 100 3 330.8e-6 570 end

' 331 ppm boron {wt) in moderator

end comp

' fuel-pin-cell geometry:

squarepitch 1.4732 0.9563 1 3 1.1176 2 0.3%855 0 end
' assembly and cycle parameters:

npin/assm=176 fuelnght=789.64 ncycles=3 nlib/cyc=5
printlevel=5 lightel=% inplevel=2 numztotal=5 end

3 1.3140 2 1.4160 3 1.6623 500 5.2039 3 5.2431

power=26.656 burn=306.0 down=71 end
power=27.837 burn=381.7 down=Bl.3 bfrac=1.419
power=22.443 burn=466.0 down=2374 bfrac=1.5231

o 119 er 5.2 mn 0.29

fe 11.0 co 0.066 ni 8.7

zr 195 nb 0.63 sn 3.2

temkcyc=957 end
temkcyc=873 end

1 $S8S558SSSS aaaaaasaa SSSS8$85S58S 22222222222 hh hh
$585$5S55588S aaaaaaaaaaa 5558855558888 2222222222222 hh hh
ss ss aa aa ss ss 22 22 hh hh
ss aa aa ss 22 hh hh
ss aa aa S8 22 hh hh
555553595888 aaaaaaaaaaaaa 58885SSSESSS 22 hhhhhhhhhhhhh

SSS5SSSSS8SSS aaaaaaaaaaaaa 855SSSSSSSSS 22 hhhhhhhhhhhhh
ss aa aa ss 22 hh hh
ss aa aa 8s 22 hh hh

ss ss aa aa  ss ss 22 hh hh
5555855588858 aa aa 8885585588885 2222222222222 hh hh
8885588558S aa aa 88855858885 2222222222222 hh hh

0 .
nn nn ccecececeeecce hh hh 00000000000
nnn nn iiddiididiiid ccceecceececcee hh hh 0000000000000

:06:37
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11
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nnnn nn ii cc cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo L] 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh oo oo 11
nn nnn cecececeeccecccee hh hh 0000000000000 1111111111111
nn nn cccceccceee hh hh 00000000000 1111111111111
[}
0000000 77171771117117 17 33333333333 0000000 /! 99999999999 777777177717717
000000000 271777771717177 1/ 3333333333333 000000000 /i 9999999999999 7777777777177
00 a0 77 17 /7 33 a3 a0 00 /1 99 99 77 77
00 00 77 /7 33 00 00 . 1/ 99 99 77
- 00 00 77 1/ 33 00 00 /1 99 99 77
00 00 77 /7 333 00 00 17 9999999999999 77
00 00 77 77 333 00 00 1/ 999999993999 77
[+ 00 77 /7 33 00 00 124 99 77
]o] 00 77 1/ 33 00 60 / 99 77
00 00 77 ’/ 33 13 00 00 / 99 77
000000000 77 1/ . 3333333333333 000000000 /7 9999999999999 77
0000000 77 1% 33333333313 0000000 124 999999999999 77 R
0
11 5555555555555 0000000 4" 33333333333 99999999999
111 5555555555555 000000000 444 3333333333333 9999999999999
1111 55 HE 00 ao 4444 HE 99 99
1 55 00 00 44 44 33 99 99
11 55 H 00 [i1¢] 4 U HEN 33 99 99
11 555555555555 00 a0 a4 44 313 9999999999999
11 5555555555555 00 00 44 44 i 999999999999
11 55 B oo 00 444444444444 B 33
11 55 o0 00 44444444444944 H 33 99
11 55 55 HES 00 00 44 e 33 13 99
11111111 5555555555555 000000000 44 3333333333333 9999999999999
11111111 55555555555 oooooo0 44 33333333333 999999999999
1
0 858358888388 ccececcccee aaaaaaaaa 11 eeceececeeceee
8888555588388 cececeeeeeceeee aaaaaaaaaaa 11 eeecececececeeeeee
88 S8 cc cc aa aa 11 ee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
SS5SS5S8888S cc aaaaaaaaaaaaa 11 eeceeeeceee
885555585588 cc aaaaaaaaaaaaa 11 eeeeceeeee
s cc aa aa 11 ee
88 cc aa aa 11 ee
[-13 ss cc cc aa aa 11 ee
$35%35555588S ceccoccoceceeee aa aa 1111111111111 eeeeecceceeee
BSS$SS855858 cocecccecece aa aa 111111111111) eeeeeceeceeeceee
NI N
N I Cranenne
R NN TTSY™™Y seanrrer
vrran ceere
bl program verification information e
arnaw seeen
e code system: scale version: 4.3 bbb i
araen revan
R R I I I
R R I NI TN
aranw srene
e vesae
vesae program: sas2 vesww
wrran vemaw
i creation date: 03/07/97 ey
sevne veran
el library: /opt/neut/Scaled.3/bin b
vewve creen
PP tevew
hebbad this is not a scale configuration controlled code A
reens rrer
e jobname: nichol erar
P carer
bl date of execution: 07/30/97 AR R
canee
time of execution: 15:04:39 bR LA
cenaw
sanar
R L R I I I e
R R T Ty Py N I I I I .
R N NN NI I ™™
1
o
4] nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 4
o 16 1.19E+05 1.19E+05
total 3.43E+05 3.43B+05
nuclide concentrations, grams
basis =single reactor assembly
initial 1E-18 d
u234 2.12E+02 2.12BE+02
u235 2.40E+04 2.40E+04
u23é 1.15E+02 1.15E+02
u238 8.57E+05 B.57E+05
total 8.81E+05 B.BlE+0S
] basis =
"} initial 15.31 d 30.6 d 45.9 @ 61.2 a4 61.2 &
0 initial 15.3 4 3jo.6d 45.9 d 61.2 d 6l1.2d
[} nuclide concentrations, grams

basis =single reactor assembly
initial 395.7 d 791.3 4 11B7.0 4 1582.7 d 1978.3 d 2374.0 4
o 16 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.3 d 1187.04d 1582.7 @ 1978.3 d 2374.0 d
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mo 95 1.44BE+01 1.64E+01 1.65E+01 1.65E+01 1.65E+01 1.65B+01 1.6SE+01
tc 99 S.41E-05 5.47E-05 5.47B-05 5.47E-05 5.47E-05 5 47g-05 5.47E-05
total 3.43E+05 3.43E+05 3.43E+05 1.43E+05 3.43E+05 3 .43E+05 3.43E+05
npuclide concentrations, grams
basis =single reactor assembly

initial 395.7d 791.3 4 1187.0d 1582.7 d 1978.3 4 2374.04d

u233 1.32E-03 1.45E-03 1.58E-03 1.71E-03 1.B5E-03 1.98E-03 2.11E-03
u23d4 1.20B+02 1.22B+02 1.23E+02 1.24B+02 1.25E+02 1.27E+02 1.28B+02
u23s 5.16E+03 S.16B+03 5.16B+03 S5.16B+03 5.16E+03 §5.16B+03 5.16E+03
u236 3.18E+03 3.18E+03 3.18E+03 3.18E+03 3.1BE+03 3.1BE+03 3.18E+03
u238 8.35E+05 8.35E+05 8.35B+05 8.35B+05 8.3S5E+05 8.35BE+05 B.35E+05
np237 3.39E+02 3.44E+02 3.45E+02 3 .45E+02 3 .45B+02 3.46E+02 3.46E+02
pu23s 5.41E-04 4.192-04 3.24E-04 2.SOE-04 1.93E-04 1.49E-04 1.15E-04
pu23s 1.40E+02 1.52EB+02 1.53E+02 1.52E+02 1.51E+02 1.49B+02 1.4BE+02
pu238 1.40B+02 1.52E+02 1.53E+02 1.52E+02 1.51B+02 1.49B+02 1.4BE+02
pu239 3.40B+03 3 .46E+03 3.46E+03 3 .46E+03 3.46E+03 3.46E+03 3.46B+03
pu240 2.25E+03 2.25B+03 2.25E+03 2.25E+03 2.25E+03 2.25E+03 2.25E+03
puz4l 1.09E+03 1.04B+03 9.B5E+02 9.35E+02 B8.87E+02 8.42E+02 7.99B+02
pu24d2 6.16E+02 6.16E+02 6.16B+02 6.16E+02 6.16B+02 6.16E+02 6.16E+02
am241 3.76E+01 9.33B+01 1.46E+02 1.96E+02 2.43E+02 2.88E+02 J1.30E+02
am242m 8.73E-01 8.68E-01 8.64E-01 8.59E-01 B8.S4E-01 B8.50E-01 8.45E-01
am243 1.28E+02 1.29E+02 1.29B+02 1.29E+02 1.29E+D2 1.29E+02 1.29E+02
total 8.51E+05 8.51E+05 8.51B+05 8.S1E+05 B8.51B+05 B8.51E+05 8.51E+0S

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.3 d 1187.0 4 1582.7d 1978.3 4 2374.0 4
mo 95 5.87BE+02 6.54E+02 6.56E+02 6.56E+02 6.56E+02 6.56B+02 6.56E+02
tc 99 6.96E+02 6.98E+02 6.98E+02 6.98E+02 6.98E+02 6.98E+02 6.98E+02
[ nuclide concentrations, grams
basis =single reactor assembly
initial 395.7 4 791.3d 1187.0 4 1582.7 d 1978.3 4 2374.0d
rulll 6.81E+02 6.81E+02 6.81E+02 6.B1E+02 6.BlE+02 6.81E+02 6.81E+02
rh103 3.94E+02 4.26B+02 4.26B+02 4.26E+02 4.26E+02 4.26E+02 4.26E+02
agl09 8.85E+01 8.86E+01 8.86E+01 8.86B+01 B.86E+01 8.86B+01 8.86E+01
0 nuclide concentrations, grams
basis =single reactor assembly

oo

initial 395.7 d 791.3 d 1187.0d 1582.7 d 1978.3 d 2374.0 4
ndl43 6.63E+02 6.77BE+02 6.77B+02 6.77E+02 6.77BE+02 6.77E+02 6.77E+02
ndl45 5.82E+02 5.82E+02 5.82E+02 5.82E+02 5.82E+02 5.82E+02 5.82E+02
sml47 7.70BE+01 1.14E+02 1.42E+02 1.63E+02 1.78E+02 1.90E+02 1.99E+02
sml49 1.57B+00 2.50E+00 2.50E+00 2.50E+00 2.50E+00 2.50E+00 2.50E+00
sm150 2.7BE+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02 2.78E+02
sml51 1.42E+01 1.43E+01 1.41E+01 1.40E+01 1.39E+01 1.38EB+01 1.37E+01
eulSl 1.79B-02 1.37B-01 2.56E-01 3.73E-01 d4.90E-01 6.05E-01 7.20E-01
sml52 1.19E+02 1.19E+02 1.19E+02 1.19BE+02 1.19B+02 1.19E+02 1.19B+02
eulsl 1.07E+02 1.08E+02 1.0BE+02 1.0BE+02 1.08E+02 1.08E+02 1.08E+02

0 nuclide concentrations, grams

basis =single reactor assembly
initial 395.7 d 791.3 4 1187.04 1582.7 d 1978.3 d 2374.0 d
gdlss 4.33E-02 6.73E-01 1.21E+00 1.67E+00 2.05E+00 2.39E+00 2.67E+00
total 2.99E+04 2.99E+04 2.99E+04 2.99E+04 2.99E+04 2.99E+04 2.99E+04
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Welcome to SCALE-4.3.
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P R Ry R e L R R R T L

primary module access and input record ( scale driver - 95/03/29 - 0%
- module sas2h will be called
calvert cliffs 1 pwr, bt03, rod nbdl07, 11.28 cm 31.40gwd June 97

' mixtures of fuel-pin-unit-cell:

44group

uo2 1 den=10.054 1
92234 0.022 92235 2.453 92236 0.011 92238 97.514 end

kr-83 1 0 1-20
kr-85 1 0 1-20
y-89 101-20
sr-90 1 0 1-20
zr-93 1 0 1-20
zr-94 1 0 1-20
zr-95 1 0 1-20
nb-94 1 0 1-20
mo-95 1 0 1-20
tc-99 1 0 1-20
ru-101 1 0 1-20
ru-106 1 0 1-20
rh-103 1 0 1-20
rh-105 1 0 1-20
pd-105 1 0 1-20
pd-108 1 0 1-20
ag-109 1 0 1-20
sb-124 1 0 1-20
xe-131 1 0 1-20
xe-132 1 0 1-20
xe-135 1 0 1-20
xe-136 1 0 1-20
cs-134 1 0 1-20
cs-135 1 0 1-20
cs-137 1 0 1-20
ba-136 1 0 1-20
la-139 1 0 1-20
pr-141 1 0 1-20
pr-143 1 0 1-20
ce-144 1 0 1-20
nd-143 1 0 1-20
nd-145 1 0 1-20
nd-147 1 0 1-20
pm-147 1 0 1-20
pm-148 1 0 1-20
sm-147 1 0 1-20
sm-149 1 0 1-20
sm-150 1 0 1-20
sm-151 1 0 1-20
sm-152 1 0 1-20
eu-153 1 0 1-20
eu-154 1 0 1-20
eu-155 1 0 1-20
gd-155 1 0 1-20
arbm-zircd 6.56

768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
768
500

768

end
end
end
end
end
end
end
end
end
end
end
end
end
end

latticecell

end

0 8016 0.12 24000 0.10 26000 0.20 S0000 1.40
40000 98.18 2 1.0 620 end

h2o 3 den=0.7576 1

557 en

d
arbm-bormod 0.7576 1 1 0 0 5000 100 3 330.8e-6 557 end

n 4 0 5-5 557 en
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
40000 98.18 5 1.0 557 end

o 6 0 0.058 557 end

al 6§ 0 0.039 557 end

c 6 0 0.00107 557 end

b-10 6 0 0.000859 557 end

b-11 6 0 0.0034 557 end

* 331 ppm boron (wt) in moderator
end comp

d

' fuel-pin-cell geometry:

squarepitch 1.

4732

0.9

639 1 3 1.1176 2 0.9754 0 end

. assembly and cycle parameters:

npin/aesm=160 fuelngth=851.90 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 i
6 0.4775 4 0.4928 S 0.5588 3 0.8312 500 1.7190 3 1.7319%
power=15.761 burn=816.0
power=16.457 burn=306.0
power=11.512 burn=381.7
power=11.547 burn=466.0
o 119 cr 5.2 mn 0.
fe 11.0 co 0.066 ni
zr 195 nb 0.63 sn 3.2

1 5533SSSSS8SS aaaaaaaaa
S$85SSSSSS888S aaaaaaaaaaa
-1} 88 aa a.
588 aa a
83 aa a

nplevel=2 numztotal=6 end

down=81 end

down=71 temkcyc=779 end
down=81.3 bfrac=1.419 temkcyc=702
down=2447 bfrac=1.523 temkcyc=702
29

7

8855555SSSS 22222222222

SSBSS5SSS585S 2222222222222
a 88 ss 22 22
a ss ’ 22
a 8s 22

5585SS83s8sSs8s8 asasnaaaaaaaa 358938SSSS8S 22

end

end

hh hh
hh hh
hh hh
hh hh
hh hh
hhhhhhhhhhhhh

:06:37

)
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S88S5SSSSSSS aaaaaaaaaaaaa BS3585555888 22 hhhhhhhhhhhhh
ss aa aa as 22 hh hh
8s aa aa a8 22 hh hh
88 88 aa aa 88 as 22 hh hh
8858855858858 aa aa 88588SSSBESES 2222222222222 hh hh
S855558885S aa aa 88888888858 2222222222222 hh hh
o
nn nn  ididiidiidiii cececcececeee hh hh 00000000000 11
nnn an  iiiiddidddid ccecccececece hh hh 0000000000000 11
nnnn nn ii cc cc  hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc bh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo [ 11
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh bkh oo 2] 11
nn nnnn ii cc cc hh hh oo oo 11
nn iididididdidd ccecococcccceece hh hh 0000000000000 1111111111111
nn nn diddddididii cceceecceecec hh hh 00000000000 1111111111111
0
0000000 88888988888 /7 0000000 " /7 99999999999 7777777777777
000000000 8888888888888 /7 000000000 444 /7 9999999999999 7717777717777
00 00 88 88 144 00 00 4444 /7 -99 99 77 77
00 00 88 88 /7 00 00 44 44 /7 99 99 : 77
00 00 88 88 /t 00 00 4 4 /7 99 99 77
00 oo 88888888888 // 00 00 44 44 1/ 9999999999999 7™
00 00 88888888888 /7 00 00 44 44 /7 999999999999 77
00 00 88 88 /1 (4] 00 Q444448444444 124 99 77
00 a0 88 88 /1 00 o0 4444444444404 124 93 77
00 [e]¢] B8 88 12 00 00 44 /1 99 17
000000000 BB88888BBBESEE ' 000000000 44 /7 9999999999999 77
0000000 88688888888 * /7 0000000 44 124 999999999999 77
[}
11 0000000 44 2777777777777 22222222222 11
111 000000000 444 2777771711711717 2222222222222 111
1111 00 00 HE 4444 77 77 : 22 1111
11 00 00 44 44 77 22 11
11 00 00 N 44 44 77 EE 22 11
11 00 00 44 44 77 22 11
11 00 1] 44 44 77 22 11
11 00 00 H 444444444444 17 H 22 11
11 00 Q0 4444444444444 77 22 11
11 00 a0 HES L1} 77 B 22 11
11111111 000000000 44 77 2222222222222 11111111
11111111 0000000 44 77 2222222222222 11111111
1
0 ceeeceeccece aaaaaaaaa 11 eceeeeeceeceee
$88555585588S ccececeececceee aaaaaaaaaaa 11 seeceececeeeee
L1 ss ce cc aa aa 11 ee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
SSS58S558888 cec aaaaaaaaaaaaa 11 eececeeece
S555555588SS cc aaaaaaaaaaaaa 11 eeeeeeceee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
ss ss cc cc aa aa 11 ee
5588588583888 cccecececceceee aa aa 1111111111111 eeeceececeeee
B853553388SsS ccececccece aa aa 1111111111111 eeceeceeceeee
.
IR R R R s
I I T T s
D T T L L L L L L R L LT R P
rasenn sevee
weewe " program verification information b
rawae covuw
il code system: scale version: 4.3 wewee
arens saean
B R T I T > .
B I NI NI IS
“vran rrne
wweae reees
creae program: sas2 reen
arere teeaw
wrane creation date: 03/07/97 sevee
PTIT Trene
e library: /opt/neut/Scaled.3/bin bl
PPT s fevas
aesne cesan
renan this is not a scale configuration controlled code LA AR A .
srnne senen
b jobname: nichol weren
“rwwe teenn
i date of execution: 08/04/97 reee
cnven ceuns
bbb time of execution: 10:47:21 eaes
veran cnene
vennw cevsn
R R R I R I
D T L IR TR SRRt rIe TR IER R R R R LR RN
D R I I I I ™
1
0
] nuclide concentrations, grams

basis =single reactor assembly
initial 1E-18 @
o 16 1.19B+05 1.19E+05
total 3.98B+05 3,9B8E+05

nuclide concentrations, grams

basis =single reactor assembly
initial 1E-18 4
u234 1.94E+02 1.94E+02
u23s 2.16B+04 2.16E+04
u236 9.69E+01 9.69E+01
u238 8.59E+05 8.59E+05
total 8.81E+05 8.81E+0S
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0 basis =

0 initial 40.8 d 81.6 d 122.4 a 163.2 d 163.2 d
[} initial 40.8 d 81.6 d 122.4 4 163.2 d 163.2 a
0 nuclide concentrations, grams

basis =single reactor assembly
initial 407.8 4 815.7 d 1223.5 4 1631.3 ¢ 2039.2 4 2447.0 &
o 16 1.19B+05 1.19B+05 1.19E+05 1.19E+05 1.19E+05 1.139B+05 1.19E«QS
1] nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 4 B15.7 4 1223.5d 1631.3 d 2039.2d 2447.04d
mo 95 1.51E+01 1.61E+01 1.61E+01 1.61E+01 1.61E+01 1.61E+01 1.61E+01
tc 99 5 _.22E-05 5.25E-05 5.25B-05 S.25B-05 5.25B-05 5.25E-05 5.25E-05
0 nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 d 815.7 d 1223.5d 1631.3 d 2039.2 d 2447.04d
total 3.98E+05 3.98E+05 3.98E+05 3.98E+05 3.98BE+05 3.98E+05 3.98E+05
nuclide concentrations, grams
basis =single reactor assembly

initial 407.8 4 815.7 4 1223.5d 1631.3 4 2039.2d 2447.04d
u233 1.18E-03 1.30E-03 1.42E-03 1.54E-03 1.66E-03 1.78E-03 1.91E-03
u23d 1.10B+02 1.11E+02 1.12E+02 1.14B+02 1.15B+02 1.16E+02 1.1BE+02
u23s 4.66E+03 d4.66E+03 4.66E+03 d4.66BE+03 4.66E+03 4.66E+03 4.66E+0]
u2lé 2.91E+03 2.91E+03 2.91E+03 2.91E+03 2.91BE+03 2.51E+03 2.91B+03 )
u23is 8.37E+0S 8.37E+05 B8.37E+05 8.37E+05 8.37B+05 B8.37E+05 8.37BE+05
np237 3.06E+02 3.08E+02 3.09E+02 3.09BE+02 3.098+02 3.10E+02 3.10E+02
pu2lé 3.51E-04 2.69E-04 2.06B-04 1.58E-04 1.21E-04 9.25E-05 7.08E-05
pu2is 1.40E+02 1.S1B+02 1.52E+02 1.51E+02 1 .50E+02 1.49E+02 1. 48E+02
pu238 1.40E+02 1.51E+02 1.52E+02 1.51E+02 1.S50B+02 1.49B+02 1.48E+02
pu23g 3.49E+03 3.52E+03 3.52E+03 3 _.52BE+03 3.52E+03 3.52E+03 3.52E+03
pu2do 2.26E+03 2.26E+03 2.26B+03 2.26B+03 2.26E+03 2.26E+03 2.26E+03
pu2dl 1.00E+03 9.47B+02 8.97E+02 8.50E+02 8.06E+02 7.6JE+02 7.23E+02
puz2d2 5.73E+02 S5.73E+02 5.73E+02 5.73E+02 5.73E+02 5.73E+02 5.73E+02
am241 7.26E+01 1.2SE+02 1.74B+02 2.21B+02 2.65B+02 3.07E+02 3.47E+02
am242m 1.43E+00 1.42E+00 1.41E+00 1.41E+00 1.40E+00 1.39E+00 1.38E+00
am243 1.12E+02 1.12E+02 1.12E+02 1.12E+02 1.312E+02 1.12B+02 1.12E+02
total 8.53E+05 B.53E+05 8.5JE+05 8.53E+05 B8.53BE+05 B8.S53B+05 B.53E+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 4 B15.7 4 1223.5d 1631.3d 2039.2d 2447.0d
mo 95 S.78E+02 6.13B+02 6.13E+02 6.13E+02 6.13B+02 6.13E+02 6.13E+02
tc 99 6.55E+02 6.S56B+02 6.56B+02 6.56E+02 6.56E+02 6.56B+02 6.56E+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 d 815.7 d 1223.5d 1631.3 4 2039.2 d 2447.0 d
ruldl 6.45E+02 6.45E+02 6.45E+02 6 .4SE+02 6.45E+02 6.45E+02 6.45E+02
rhl03 3.93E+02 4.09E+02 4.09E+02 4.09E+02 4.09E+02 4.09E+02 4.09E+02
agl09 8.71E+01 8.71E+01 "8.71E+01 8.71E+01 8.71E+01 8.71E+01 8.71E+01
0 nuclide concentrations, grams
basis =single reactor assembly

oo

initial 407.8 4 815.7 4 1223.5 d 1631.3 d 203%9.2d 2447.0d
ndl43 6.17E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02 6.24E+02
ndl45 5.48E+02 5.48E+02 5.48E+02 5.48E+02 5.48E+02 5.48E+02 5.48E+02
sm1l47 1.13E+02 1.42B+02 1.63E+02 1.79E+02 1.91E+02 1.99E+02 2.06E+02
smld49 1.15E+00 1.56E+00 1.56E+00 1.56E+00 1.S6E+Q0 1.56BE+00 1.56E+00
sml50 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02
sml51 1.07E+01 1.07E+01 1.06E+01 1.05B+01 1.04E+01 1.03E«01 1.02E+01
eulSl 2_.42E-02 1.16E-01 2.07E-01 2.9BE-01 3.B7E-01 4.76E-01 5.64E-01
sml52 1.15E+02 1.1SE+02 1.15B+02 1.15E+02 1.15E+02 1.15E+02 1.15E+02
euls3 1.02E+02 1.03E+02 1.03E+02 1.03E+02 1.03E+02 1.03E+02 1.03E+02

0 nuclide concentrations, grams

basis =single reactor assembly
initial 407.8 4 815.7 d 1223.5d 1631.3 d 2039.2 d 2447.0 d
gdl55 6.40E-02 7.33E-01 1.30E+00 1.78E+00 2.19E+00 2.53E+00 2.83E+00
total 2.81E+04 2.8lE+04 2.81E+04 2.81E+04 2.BlE+04 2.8l1E+04 2.81E«04
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Welcome to SCALE-4.3.

s 0 05 4w
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primary module access and input record ( scale driver - 9$/03/29 - 09

module saszh

will be called

' mixtures of fuel-pin-unit-cell:

d44gro

up
uo2 1 den=10.0
.022 92235 2.453 92236 0.011 92238 97.514 end

92234
kr-83
kr-85
y-89
sr-90
zr-93
zr-94
zr-95
nb-94
mo-95
tc-99
ru-101
ru-106
rh-103
rh-105
pd-105
pd-108
ag-109
sb-124
xe-131
xe-132
xe-135
xe-136
cs-134
¢s-135
cs-137
ba-136
la-139
pr-141
pr-143
ce-144
nd-143
nd-145
nd-147
pm-147
pm-148
sm-147
sm-149
sm-150
sm-151
sm-152
eu-153
eu-154
eu-155
gd-155
arbm-zi

el e S S S O e e el ol sl R e o S S S e e e e e T
ROCOOCOCOOCOOOCOOO0D0OD00000000DO0000DO000000C0D0O

0

<

1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
1-20
6.56

54

5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

latticecell
1 814
8l4 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end
814 end

40000 98.18 2 1.0 620 end

h2o 3 den=0.7573
arbm-bormod 0.7573 1 1 0 0 5000 100 3 330.8e-6 557 end

n 4 0 5-5 557

-
ol
o
LY
ooocoo

- - - -0 7 neo

0
0
0
0
0

.058
.039

.00107 557

557
557

557 end

end
arbm-zircd 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 SO
40000 98.18B 5 1.0 557 end

end
end

end

-000859 557

.0034 557

end

end

331 ppm boron (wt)} in moderator

' fuel-pin-cell geometry:

squarepitch

1.4732

000 1.40

0.9639 1 3 1.1176 2 0.9754 0 end

. assembly and cycle parameters:

npin/assm=160 fuelngth=851.90 ncycles=4 nlib/cyc=S

printlevel=5S
6 0.4775 4 0

power=18.705 burn=816.0 down=81 end
power=19.534 burn=306.0 down=71 temkcyc=827 end
power=13.672 burn=381.7 down=81.3 bfrac=1.419% temkcyc=736
power=13.707 burn=d466.0 down=2447 bfrac=1.523 temkcyc=736
o 119 cr 5.2 mn 0.29
fe 11.0 co 0.066 ni 8.7
zr 195 nb 0.63 sn 3.2
$S8358S5SS8 aaaaaaaaa B88S5S8888S 22222222222
$SS8ES655S8SE aaaaaaaaaaa 8558855858885 2222222222222
55 ss aa aa  ss ss 22 22
8s aa aa ss 22

lightel=9

inplevel=2 numztotal=6 end
.4928 5 0.5588 3 0.8312 500 1.7190 3 1.7319

end

BERE

FEEE

:06:37 )
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ss aa aa ss 22 hh hh
885885588885 aaaaaaaaaaaas B558558558858 22 hhhhhhhhhhhhh
$83533858855 Aaaaaaaaaaaaa BSBS58S58588 22 hhhhhhhhhhhhh
13 aa aa ss 22 hh . hh
ss aa aa 88 22 hh hh
ss s aa aa  ss ss 22 hh hh
8355853858385 aa aa 5553558538558 2222222222222 hh hh
888553858888 aa aa 558585533888 2222222222222 hh hh
0
nn nn  iiididiiiiii eccececececcece hh hh 00000000000 11
nnn nn diiiididiidid cceceeccceccece hh hh 0000000000000 11
nnnn nn’ ii cc cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
an  nn nn ii cec hh hh oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo oo 11.
* an nn  nn ii cc hhhhhhhhhhhhh oo 00 11
on nn nn ii cc hh hh oo o0 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn ii cc cc hh hh o¢ oo
nn nnn iiddiididiidi ccccececccccce hh hh 0000000000000 1111111111111
nn nn  iiidddididiii ccceceocceeee hh hh 00000000000 1111111111111
0
0000000 88888888888 /7 0000000 4 1/ 99999999999 7717777777777
000000000 8888888088888 /7 000000000 444 - 7/ 9999999399999 777777777777
oo 00 88 a8 17 0o oo 4444 /1 99 99 77 77
0o 00 88 88 // 00 00 44 44 11 99 99 77
00 o4} 88 88 144 00 ]} 44 44 /7 99 99 77
00 00 88888888888 // 00 00 4“ 4“ 1% 9999999999999 77
00 00 88888888888 r 00 00 44 44 /7 999999999999 77
00 00 88 88 /7 00 00 444444444444 /7 99 77
00 00 88 88 /7 a0 oo 4444444444444 /7 99 77
00 00 88 88 /7 00 o0 44 ’t 99 77
000000000 8888888888888 /7 0006000000 44 144 9999999999999 77
0000000 88888888888 7/ 0000000 44 1/ 999999999999 77
o
0000000 99999999999 5555555555555 5555555555555 0000000 0000000
000000000 9999999399999 5555555555555 5555555555555 000000000 000000000
o0 00 99 99 HEE 55 55 EE 00 00 00 00
00 00 99 99 5S 55 00 00 a0 00
00 00 99 99 $S 55 tiz 00 00 00 00
00 00 9999999999999 555555555555 555555555555 00 00 00 00
0o 00 999999999333 5555555555555 5555555555555 00 00 00 00
00 00 939 HE T 00 0o 00 oo
00 00 99 55 55 00 00 00 00
oo 00 99 55 55 55 : 00 00 00 00
000000000 9999999999999 5555555555555 5555555555555 000000000 000000000
0000000 999999999999 55555555555 55555555555 0000000 0000000
1
0 ecceeecceece . aaaaaaaaa 11 eececeeceecee
S38835353583S ccececeececcee aanaaaaaaaa 11 eeeeceecececee
ss ss cc cc aa aa 11 ee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
5588SS5S5SS558 cc aaaaaaaaaaaaa 11 eeeeeeeee
533858558588 cc asaaaaaaaaaaa 11 eeceeeeeee
ss cc aa aa 11 ee
$5 cc aa aa 11 ee
ss ss cc cc aa aa 11 ee
8538553855558 ceeeecececcecce aa aa 111111111111 eeecceeececeeee
$583588888S cecececececce aa aa 1111111111111 eecceececceeces
T I R R Il I
B L T L I
R T R T
renn rreen
bl program verification information e
trren reves
b code system: scale version: 4.3 bl
rrwr cenre
D L e Ty I
D L L R R N I I
Trnae renn
avsen crave
areay program: sas2 sanan
cenan aneee
wwane’ creation date: 03/07/97 waree
T T
il library: /opt/neut/Scaled.3/bin bk
wnenw freaw
anaww tnoae
b this is not a scale configuration controlled code b
anmnw senaw
Mohdd jobname: nichol b
arean reene
b date of execution: 08/04/97 b
seran treen
A time of execution: 09:55:00 i
rrren crnnw
reree crene
B R L T T S T L LI
D D R R L R D L L L LT e
B R R R I T M TN
1
0! = = = = = = = = = & e e e e o e m e e e e e e e e a e
o
0 nuclide concentrations, grams

basis ssingle reactor assembly
initial 1E-18 4
o 16 1.19E+05 1.19E+05
total 3.98E+05 3.98E+05

nuclide concentrations, grams

basis =single reactor assembly
initial 1E-18 d
u234 1.94E+02 1.94E+02
u235 2.16E+04 2.16E+04



Attachment II:

u23é 9.69E+01
u23sg 8.59E+05

total 8.81E+05
0
0
0
0
initial
o 16 1.19E+05
0
initial
mo 95 1.81E+01
tc 99 9.01E-05
0
initial
total 3.98E+05
initial
uzil 1.16E-03
u23d 9.83E+01
u235 3.29E+03
u23é 3.05E+03
u238 8.33E+05
np237 3.62E+02
pu236 5.1%E-04
pu238 1.91E+02
pu238 1,91E+02
pu239 3.35E+03
puz24o 2.48E+03
pu2dl 1.10E+03
puz242 8.13E+02
am241 6.92E+01
am242m 1.41E+00
am243 1.83E+02
total 8.48E+05
0
0
initial
mo 95 6.67E+02
te 99 7.57E+02
0
initial
rulll 7.63E+02
rhl03 4 .40E+02
aglosg 1.07E+02
0
initial
ndl43 6.62E+02
ndl45 6.27E+02
sml4?7 1.19E+02
sml49 1.14E+00
sml150 2.85E+02
sml51 1.17E+01
eulSl 2.09E-02
sm152 1.32E+02
euls3 1.28E+02
0
initial

gdl55 6.96E-02
total 3.33E+04
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9.69E+01
8.59E+05
8.81E+05

initial
initial

407.8 d
1.19E+05

407.8 4
1.93g+01
9.07E-05

407.8 4
3.98E+05

407.8 4
1.30E-03
1.00E+02
3.29E+03
3.05B+03
8.33E+05
3.65E+02
3.98E-04
2.06B+02
2.06E+02
3.38E+03
2 .48E+03
1.04E+03
8.13E+02
1.27B+02
1.40B+00
1.83B+02
8.4BE+0S

407.8 a4
7.07E+02
7.59E+02

407.8 d
7.63E+02
4.61E+02
1.07E+02

407.8 4
6.70E+02
6.27E+02
1.50BE+02
1.67E+00
2.85E+02
1.17E+01
1,22e-01
1.33B+02
1.28E+02

407.8 d
9.14E-01
3.33E+04

basis =
40.8 4 B1.6 d 122.4 d
40.8 d 81.6 a 122.4 4
nuclide concentrations, grams
basis =single reactor assembly
815.7 4 1223.5d 1631.3 4 203%9.2 4 2447.04d
1.19E+05 1.19E+05 1.19E+05 1.19E+05 1.19E+05
nuclide concentrations, grams
basis =single reactor assembly
815.7 d 1223.5d 1631.3 d 2039.2 4 2447.04
1.94E+01 1.94E+01 1.94E+01 1.94E+01 1.94E+01
9.07E-05 9.07E-05 9.07E-05 9.07E-05 9.07E-05
nuclide concentratijons, grams
basis =single reactor assembly
815.7 d 1223.5 d 1631.3 d 2039.2d 2447.0 4
3.98E+05 3.98E+0S 3.98E+05 3.98E+05 3.98E+05
nuclide concentrations, grams
basis =single reactor assembly
815.7 d 1223.5 d 1631.3 4 2039.2d 2447.04d
1.44E-03 1.S8E-03 1.73E-03 1.87E-03 2.01E-03
1.02E+02 1.04B+02 1.05E+02 1.07E+02 1.09E+02
3.29E+03 3.29E+03 3.29B+03 3.29E+0] 3.29E+03
3.05B+03 3.05B+03 3.05E+03 3.05E+03 3.05E+03
8.33E+05 8.33E+05 8.33B+05 8.33E+05 8.33B+05
31.65E+02 3.66E+02 3.66B+02 3.67B+02 1.67E+02
3.05E-04 2.33E-04 1.79E-04 1.37E-04 1.05E-04
2.07E+02 2.06E+02 2.04BE+02 2.02E+02 2.00E+02
2.07E+02 2.06E+02 2.04E+02 2.02E+02 2.00B+02
3.38E+03 3.38E+03 3.38BE+03 3.38E+03 3.3BE+0]
2.48E+03 2.48E+0] 2.49E+03 2.49E+03 2.49E+03
9.86E+02 9.34E+02 B.85E+02 8.39E+02 7.95E+02
8.13E+02 B.13E+02 8.13E+02 8.13E+02 8.13B+02
1.81E+02 2.33E+02 2.8lE+02 3.27E+02 3.71B+02
1.39B+00 1.38E+00 1.37E+00 1.37E+00 1.36B+00
1.83E+02 1.83B+02 1.83E+02 1.83E+02 1.83E+02
8.48E+05 8.48E+0S B8.4BE+05 8.48E+05 8.48E+05
element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
815.7 d 1223.5d 1631.3d 2039.2d 2447.04d
7.07E+02 7.07E+02 7.07E+02 7.07E+02 7.07E+02
7.59E+02 7.59E+02 7.59E+02 7.59B+02 7.59E+02
nuclide concentrations, grams
basis =single reactor assembly
815.7 d 1223.5d 1631.3d 2039.2d 2447.04
7.63E+02 7.63E+02 7.63E+02 7.63E+02 7.63E+02
4.61E+02 4.61E+02 4 .61E+02 4.61E+02 4.61E+02
1.07E+02 1.07E+02 1.07E+02 1.07E+02 1.07E+02
nuclide concentrations, grams
basis =single reactor assembly
815.7 d 1223.5d 1631.3 d 2039.2 d 2447.0 4d
6.70E+02 6.70E+02 6.70B+02 6.70B+02 6.70E+02
6.27E+02 6.27E+02 6.27B+02 6.27E+02 6.27B+02
1.73E+02 1.90E+02 2.02E+02 2.12E+02 2.19E+02
1.67E+00 1.67E+00 1.67E+00 1.67E+00 1.67E+00
2.85E+02 2.85E+02 2.85B+02 2.B5E+02 2.85E+02
1.16E+01 1.15E+01 1.14E+01 1.13E+01 1.12E+01
2.22e-01 3.22E-01 4.20E-01 65.18BE-01 6.15E-01
1.33B+02 1.33E+02 1.33E+02 1.33B+02 1.33E+02
1.28E+02 1.28B+02 1.28E+02 1.28B+02 1.2BE+02
nuclide concentrations, grams
basis =single reactor assembly
815.7 4 1223.5d 1631.3 d 2039.2d 2447.0 Q
1.63E+00 2.24E+00 2.75E+00 3.19E«00 3.56B+00
3.33E+04 3.33E+04 3.33E+04 3.33E+04 3.33E+04

163.2 4
163.2 a

163.2 d
163.2 d
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. Welcome to SCALE-4.3.
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primary module access and input record { scale driver - 95/03/29 - 09
- module saszh will be called

' mixtures of fuel-pin-unit-cell:

44group latticecell

uo2 1 den=10.054 1 887

.022 92235 2.453 92236 0.011 92238 97.514 end

92234 O
kr-83 1 0 1-20 887 end
kr-85 1 0 1-20 887 end
y-89 1 0 1-20 887 end
sr-90 1 0 1-20 887 end
zr-93 1 0 1-20 887 end
zr-94 1 0 1-20 887 end
zr-95 1 0 1-20 887 end
nb-94 1 0 1-20 887 end
mo-95 1 0 1-20 887 end
tc-99 1 0 1-20 887 end
ru-101 1 0 1-20 887 end
ru-106 1 0 1-20 887 end
rh-103 1 0 1-20 887 end
rh-105 1 0 1-20 887 end
pd-105 1 0 1-20 887 end
pd-108 1 0 1-20 B87 end
ag-109 1 0 1-20 BB? end
sb-124 1 0 1-20 887 end
xe-131 1 0 1-20 887 end
xe-132 1 0 1-20 887 end
xe-135 1 0 1-20 887 end
xe~136 1 0 1-20 887 end
cs-134 1 0 1-20 887 end
cs-135 1 0 1-20 887 end
cs-137 1 0 1-20 887 end
ba-136 1 0 1-20 887 end
la-139 1 0 1-20 887 end
pr-141 1 0 1-20 BB7 end
pr-143 1 0 1-20 887 end
ce-144 1 0 1-20 887 end
nd-143 1 0 1-20 887 end
nd-145 1 0 1-20 887 end
nd-147 1 0 1-20 887 end
pm-147 1 0 1-20 887 end
pm-148 1 0 1-20 887 end
sm-147 1 0 1-20 887 end
sm-149 1 0 1-20 887 end
sm-150 1 0 1-20 B87 end
sm-151 1 0 1-20 B87 end
sm-152 1 0 1-20 BB7 end
eu-153 1 0 1-20 887 end
eu-154 1 0 1-20 887 end
eu-155 1 0 1-20 887 end
gd-155 1 0 1-20 887 end
arbm-zircd4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 620 end
h2o 3 den=0.7342 1 570 end
arbm-bormod 0.7342 1 1 0 0 5000 100 3 230.8e-6 570 end

n 4 0 5-5 570 end

arbm-zirc4 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40
- 40000 98.18 5 1.0 570 end

6

331 ppm boron (wt) in moderator

o 0 0.058 570 end
al 6 0 0.039 570 end
[~ 6 0 0.00107 570 end
b-10 6 0 0.000859 570 end
b-11 6 0 0.0034 570 end

' fuel-pin-cell geometry:

squarepitch 1.4732 0.9639 1 3 1.1176 2 0.9754 0 end

' assembly and cycle parameters:
npin/assm=160 fuelngth=851.90 ncycles=4 nlib/cyc=5
printlevel=5 lightel=9 inplevel=2 numztotal=6 end
6 0.4775 4 0.4928 5 0.5588 3 0.8312 500 1.7190 3 1.7319
power=23.324 burn=816.0 down=81 end
power=24 .347 burn=306.0 down=71 temkcyc=903 end
power=17.039 burn=381.7 down=81.31 bfrac=1.419 temkcyc=788 end
power=17.092 burn=466.0 down=2447 bfrac=1.523 temkcyc=789 end
o 119 cr 5.2 mn 0.29
fe 11.0 co 0.066 ni 8.7
2r 195 nb 0.63 sn 3.2

1 SSSSSSSSSSS aaaaaaaaa $558SSS8S5SS 22222222222 hh hh
$555S$588888S aaaaaaaaaaa 6358888588855 2222222222222 hh hh
ss ss aa aa ss 88 22 hh hh
ss aa aa ss 22 hh hh

:06:37 )
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ss aa aa == 22 hh hh
§8888SSE5885 aaaaaaaaaaaaa S8SES555588S 22 hhhhhhhhhhhhh
8SSSSESESSES aaanaaaaaaaaa 8555853558588 22 hhhnhhhhhhhhh
ss aa aa ss 22 hh hh
ss aa aa ss 22 hh hh
ss ss aa aa ss ss 22 hh hh
8358855855888 aa aa B5535555553538 2222222222222 hh hh
88585558885 aa aa 8355838538858 2222222222222 hh hh
0
nn nn iiddiiiiidii cececceeecee hh hh 00000000000 11
nnn nn  iiiiiiiiiiii ceceececceeecec hh hh 0000000000000 11
nnnn nn ii cc cec hh hh 00 (-] 11
nn nn nn ii cc hh hh oo [-1-} 11
nn  nn nn ii cc hh hh oo o0 11
nn nn nn ii cc hhhhhhhhhhhhh o oo oo 11
nn nn nn ii cc hhhhhhhhhhhhh oo oo 1
nn nn nn ii cc hh hh oo oo 11
nn nn nn ii cc hh hh oo oo 11
nn nnnn i cc ce hh hh oo oo 11
nn nnn cececeecceceeee hh hh 0000000000000 1111111111111
nn an  iiiiiiiiiddi ceeeececcee hh hh 00000000000 1111111111111
)
0000000 88888888888 7/ 0000000 4“ /4 - 99999999999 7777777717777
000000000 8888888888888 a4 000000000 444 1 9999999999999 7717771777777
¢} 00 88 88 %) 00 00 4444 17 99 99 77 77
00 oo 88 88 12 00 0o 44 44 17 99 99 ki
00 00 88 88 124 00 00 4 44 /7 99 99 77
00 00 88888888888 12 00 00 44 44 /77 9999999999999 77
00 00 888868888888 /7 00 oo 44 44 /7 999999999999 77
00 00 88 88 1/ 00 o0 444444444444 /7 83 17
00 00 L1 88 /7 00 00 4444444444444 124 99 77
00 a0 88 88 /7 00 00 4“4 12 99 77
000000000 se8ap86E888888 /7 000000000 44 /7 9999999999999 77
0000000 88888886888 7/ 0000000 44 1/ 999999999999 77
0
11 0000000 11 888880888888 11
111 000000000 111 8888888888888 111
1111 00 00 Tic 1111 88 88 : 1111
11 00 00 11 88 88 11 4 4
11 00 00 HE 11 88 88 11 44 44
11 00 00 11 88888888888 11 44 44
11 00 00 11 88888888888 11 44 4“
11 oo 00 N 11 88 88 11 444444444048
11 00 00 11 88 88 11 4444444444444
11 ] 00 HE 11 11 4“
11111111 000000000 11111111 8888888888888 11111111 44
11111111 0000000 11111111 Bpp8sssssss 11111111 44
1
1] 55855855558 ecececccece aaaaaaaaa 11 eceeceeeceeee
5855585888888  CCCCCCCCCCCCC aaaaaaaaaaa 11 eceececeeeceee
- ss -1 cc cc aa aa 11 ee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
S58S853S88S88 cec aaaaaaaaaaaaa 11 eceeeceee
$SSSSSSSSSSS cc aaaaaaaaaaaaa 11 eeceecceeee
ss cc aa aa 11 ee
ss cc aa aa 11 ee
ss ss cc cc aa aa 11 ee
S558S8588S5S8 cecececeeecece aa aa 1111111111111 ececceeeeeeee
88S58535SSS cccceceeecee aa aa 1111111111111 ececeeeeeeeee
NN TN
R I I I
T R R R N L Il I ™
tesnsn casaw
weewe program verification information bbbl
crenn P
rrwae code system: scale version: 4.3 bbb
teenn cerun
I I IIIInmmIOII
R I I NI NI
L)
cannw
werws program: sas2
cawaw
e creation date: 03/07/97
avann
et library: /opt/neut/Scaled.3/bin
I .
P
i this is not a scale configuration controlled code
arewn
el jobname: nichol
teeew
sarne date of execution: 08/04/97
vrees
wewe time of execution: 10:18:14
reeew
rerwn ereee
D R R R L NI I I ™
D L T L I T I SeasatreseataRt e eannay
L R L T T T I I T I ™
1
Q' = = = = = = = = = = 4@ & = = = % . - = . e - e = e e - - = -
0
0 nuclide concentrations, grams

basis =single reactor assembly
initial 1E-18 d
o 16 1.19E+05 1.19E+0S
total 3.98E+05 13.98E+05

nuclide concentrations, grams

basis =single reactor assembly
initial 1E-18 4
u234 1.94E+02 1.94E+02
u23s 2.16E+04 2.16E+04
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u23ié 9.69E+01 9.69E+01
u23g 8.59E+05 8.59E+05

total 8.81E+05 8.B1E+0S
0 basis =
0 initial 40.8 @ 81.6 d 122.4 4 163.2 @ 163.2 d
0 initial 40.8 & 81.6 4 122.4 a 163.2 4 163.2 d
o] nuclide concentrations, grams

basis =asingle reactor assembly
initial 407.8 d 815.7 d 1223.5d 1631.3 4 2039.2 4 2447.04d
o 16 1.19B+05 1.19E+05 1.19E+05 1.19E+05 1.19B+05 1.19E+05 1.19E+05
0 nuclide concentrations, grams
basis =gingle reactor assembly
initial 407.8d 8157 d 1223.5d 1631.3 d 2039.2d 2447.0d
mo 95 2.32E+01 2.50E+01 2.50B+01 2.50E+01 2.50E+01 2.S0E+01 2.50B+01
tc 99 1.96E-04 1.98E-04 1.98E-04 1.98E-04 1.9BBE-04 1.98E-04 1.98E-04
0 nuclide concentrations, grams
basis =gingle reactor assembly
initial 407.8 4 815.7 d 1223.5d 1631.3 d 203%9.2 d 2447.0d
total 3.98E+05 3.98E+05 3.98E+05 3.98E+05 3.98E+05 3.98E+05 3.98E+05
nuclide concentrations, grams
basis =single reactor assembly

initial 407.8 & 815.7 4 1223.5 4 1631.3 d 2039.2 d 2447.04 R
u233 1.11E-03 1.29E-03 1.46E-03 1.64E-03 1.81E-03 1.98E-03 2.16E-03
u23d 8.22E+01 8.47E+01 8.73E+01 8.99B+01 9.25E+01 9.S1E+01 9.76E+01
u2is 1.95E+03 1.95E+03 1.95E+03 1.95B+03 1.95B+03 1.95B+03 1.95E+03
u2lé 3.13E+03 3.13E+03 3.13E+03 3.13E+03 3.13E+03 3.13E+03 3.13E+03
u23g 8.25E+05 8.25E+0S5 8.25B+05 8.25E+05 B8.25E+05 B8.25E+05 8.25E+05

np237 4.41E+02 4.46B+02 4.46B+02 4.46E+02 4.47E+02 4.47E+02 4 .48E+02
pu23é 8.68E-04 6.66E-04 5.10E~04 3.90E-04 2.99E-04 2.29E-04 1.75E-04
pu238 2.80E+02 2.99E+02 3.00E+02 2.98B+02 2.95B+02 2.93E+02 2.90E+02
pu238 2.80E+02 2.99B+02 3.00E+02 2.98E+02 2.95E+02 2.93E+02 2.90E+02
pu239 3.27E+03 3.32B+03 3.32E+03 3.32E+03 3.32B+03 3.32B+03 3.32E+03
puz240 2.72E+03 2.72E+03 2.73E+03 2.73E+03 2.74B+03 2.74E+03 2.75E+03
pu2dl 1.22B+03 1.15E+03 1.09E+03 1.04E+03 9.82E+02 9.30E+02 8.82E+02
puzé2 1.21E+03 1.21E+03 1.21E+03 1.21E+03 1.21E+03 1.21E+03 1.21E+03
am241 6.17E+01 1.26BE+02 1.86E+02 2.43E+02 2.97B+02 3.488B+02 3.96E+02
am242m 1.32E+00 1.32B+00 1.31E+00 1.30E+00 1.29B+00 1.29B+00 1.2BE+00
am243 3.26E+02 3.26B+02 3.26E+02 3.26E+02 13.26E+02 3.26B+02 3.26E+02
total 8.40E+05 8.40E+05 B.40B+05 8.40E+05 8.40E+05 B8.40E+05 8.40B+05

element concentrations, grams
nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 d 815.7 @ 1223.5d 1631.3 d 2039.2 4 2447.0d
mo 95 7.95E+02 B8.42E+02 B8.43E+02 B8.43E+02 8.43BE+02 B.43E+02 8.43E+02
tc 99 9.03E+02 9.05E+02 9.0S5E+02 9.05E+02 9.05BE+02 9.05E+02 9.05B+02
0 nuclide concentrations, grams
basis =single reactor assembly
initial 407.8 d° 815.7 d 1223.5d 1631.3 d 2039.2d4 2447.0 4
rulll 9.42B+02 9.42E+02 9.42B+02 9.42E+02 9.42B+02 9.42B+02 9.42E+02
rhl03 4.99B+02 5.25E+02 5.25E+02 5.25E+02 5.25E+02 5.25B+02 5.25E+02
aglo9 1.38E+02 1.38B+02 1.38E+02 1.38E+02 1.38E+02 1.38E+02 1.38E+02
Q nuclide concentrations, grams
basis =single reactor assembly

oo

initial 407.8 d 815.7 @ 1223.5d 1631.3 @ 2039.2 d 2447.0 d
ndl143 7.14E+02 7.24BE+02 7.24E+02 7.24E+02 7.24BE+02 7.24E+02 7.24E+02
ndl45 7.36E402 7.36E+02 7.36E+02 7.36E+02 7.36E+02 7.36E+02 7.36E+02
sml47 1.21E+02 1.54E+02 1.79E+02 1.97E+02 2.11E+02 2.21B+02 2.28E+02
sml49 1.20E+00 1.91E+00 1.91E+00 1.91E+00 1.91B+00 1.91E+00 1.91E+00
sml50 3.67E+02 3.67E+02 3.67E+02 3J.67E+02 3.67B+02 3.67E+02 3.67E+02
sml51 1.40E+01 1.40B+01 1.39E+01 1.3BE+01 1.37E+01 1.35E+01 1.34E+0l
eulSl 1.90E-02 1.40E-01 2.60E-01 3.79E-01 4.97E-01 6.14E-01 ?.30E-01
smisS2 1.56E+02 1.56E+02 1.56E+02 1.56E+02 1.56E+02 1.56E+02 1.S56E+02

"] nuclide concentrations, grams

basis =gingle reactor assembly
initial 407.8 d 815.7 4 1223.54d 1631.3 4 2039.2 4 2447.0 4
eul53 1.66E+02 1.67E+02 1.67B+02 1.67E+02 1.67E+02 1.67E+02 1.67E+02
gdl55 8.14E-02 1.19E+00 2.12B+00 2.92E+00 3.59E+00 d4.16E+00 4.64E+00
total 4.14E+04 4.14E+04 4.14E+04 4.14E+04 4.14E+04 4.14E+04 4.14E+04



