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1. Purpose

The purpose of this analysis is to provide input on the criticality potential of various degraded
configurations to an analysis on the probability of a criticality event in a Pressurized Water Reactor
(PWR) Advanced Uncanistered Fuel (AUCF) Waste Package (WP). The objective of this evaluation
is to develop multivariate regressions which represent k., for the variots degraded configurations
as a function of fuel assembly parameters (i.e., burnup, enrichment, age), and configuration
parameters (i.e., amount and distribution of remaining basket corrosion products, amount of borated
stainless steel plate remaining). Potential design options for reducing the k., of the degraded
configurations are also discussed. For guidance in determining the range of parameters which can
occur, this analysis begins with a refinement of the WP degradation scenarios developed in previous
degraded mode criticality evaluations (Refs. 5.16 and 5.37), as applied to the current reference WP
designs (Ref. 5.5).

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the preliminary WP 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, Ref. 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 responsible manager has
evaluated this activity in accordance with QAP-2-0, Conduct of Activities. The Perform
Probabilistic Waste Package Design Analyses activity evaluation (Ref. 5.2) has determined that
work associated with determining the probability of criticality for degraded configurations is subject
to Quality Assurance Requirements and Description (QARD; Ref. 5.3) requirements. As specified
in NLP-3-18, Documentation of QA Controls on Drawings, Specifications, Design Analyses, and
Technical Documents, this activity is subject to QA controls. :

All design parameters and assumptions which are identified in this document are for preliminary
design and shall be treated as unqualified data unless otherwise indicated; these design parameters
and assumptions will require subsequent qualification (or superseding inputs) as the WP design
proceeds. 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). In
addition, the inputs associated with this analysis are not required to be procedurally controlled as
TBV. However, use of any data from this analysis for input into documents supporting procurement,
fabrication, or construction is required to be controlled as TBV in accordance with the appropriate
‘procedures.
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3 Method
The method used for this analysis involves the following steps:

A. Identify scenarios for degradation of the WP basket structure, and the PWR spent nuclear
fuel (SNF) waste form. This task involves reviewing the available structural and corrosion
information for the WP basket and fuel assembly materials to identify the sequence of basket
component degradation, estimate the maximum lifetime of the component, and identify the
corrosion products which may remain and have some impact on criticality. Based on this
information, configurations to be evaluated in the remainder of the analysis are determined.
This step is performed in Section 7.1.

B. Select fuel assembly parameters for evaluation by reviewing the historic and projected
population of PWR fuel, and grouping the fuel according to the 10-year k_ as estimated by
a multivariate regression developed by Oak Ridge National Laboratory (ORNL; Ref. 5.4).
This ORNL regression was used in the initial determination of WP design configurations
(Ref. 5.5) to bin the PWR fuel population into the various conceptual PWR WP types using
k. as a basis. For this analysis, k_ groups are defined which correspond to the binning
method used in the design configuration analysis (e.g., k.<1.13 as the limit for the absorber
plate WP), to allow an evaluation of the adequacy of that binning method. For each of these
k.. groups, bounding burnup/enrichment pairs are identified, and their isotopics as a function
of time since discharge are determined using the SAS2H and ORIGEN-S sequences of the
SCALE 4.3 code package. This step is performed in Section 7.2.

C. Perform MCNP4A calculations of k. for the degraded internal WP configurations identified
in step 1 above to identify the worst case configuration. The calculations start with the
isotopics for the bounding k. group for each PWR WP design and work backwards through
less stressing fuels until k_, no longer exceeds the defined limit for criticality concern at any
time during the postclosure phase. For the purpose of this analysis, that limit will be defined
as k. < 0.91 (see assumption 4.3.16). This step is performed in Sections 7.3 through 7.5.

D. Evaluate the data developed in step C and develop multivariate regressions which relate the
k.. for a particular class of configurations (e.g., intact fuel with fully degraded basket and
oxide settled to bottom of WP) to various parameters for that class (e.g., time, burnup,
enrichment, assemblies covered by oxide, etc...). This will simplify application of the data
in future probabilistic analyses. This step is performed in Section 7.6.

E. Identify design options for reducing the peak postclosure k4 of each PWR WP design for all
fuels which will be contained in that package and for all degraded configurations. ThlS step
is performed in Section 7.7

Further detail on the specific methods employed for each step is available in Section 7 of this
analysis.
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4. Design Inputs

All design inputs are for preliminary design; these design inputs will require subsequent qualification
(or superseding inputs) before this analysis can be used to support procurement, fabrication, or
construction activities, unless otherwise noted.

4.1  Design Parameters
4.1.1 Spent Fuel Assembly Parameters

The fuel assembly upon which this calculation is based is the B&W 15 x 15 fuel assembly. The
mechanical parameters for .this assembly type are shown in Table 4.1-1. Note that inches are
converted to centimeters exactly (2.54 cm/in.); this is not an indication of tolerance, but is done for
consistency between calculations using English or metric units. The theoretical density of UQ, is
10.96 g/cm® (Ref. 5.14, Table M8.2.1). This information represents actual B&W fuel assembly
dimensions and is considered qualified data.

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

Parameter Value { Units | Metric Units {(cm) Ref.
Fuel Rods 208 /assbly 208 /assbly - 5.7.p.2.1.2.2-6
Fuel Rods on a Lattice Side 15| /side 15 /side - 57,p.2.1.2.2-6
Guide Tubes 16 /assbly 1§ /assbl - 5.7,p.2.1.2.2-6
Instrumentation Tubes 1| /assbly 1} /assbly - 5.7,p. 2.1.2.2-6
Total Guide + Instrument Tubes 17} /assbly 17| /assbly - -
Clad/Tube Material Zirc-4] Zirc- - 5.7,p.2.1.2.2-6
Fuel Pellet OD 0.3686 inches | 0.936244i cm 0.468122 5.7,p.2.1.2.2-6
Fuel Stack Height 141.8] inches { 360.172} cm - 57, p.2.1.22-6
Fuel Assembly Height 165.625] inches 420.7; cm - 5.9, p. 2A-8
Mass of U 1023] 1b 464 kg - 5.9, p. 2A-8
Mass of UO, 1160.64{ 1b 526.38} kg - 57,p.2.1.22-6
Percent of Theoretical Density 95| % 95 % - 57,.p.2.1.2.2-6
Fuel Clad OD 0.430 inches 1.0922} cm 0.5461 57,p.2.1.2.2-6
Clad Thickness 0.0265 inches | 0.06731} cm - 5.7,p.2.1.22-6
Fue! Clad ID’ 0.377] inches | 0.95758] cm 0.47879 -
Fuel Rod Pitch 0.568 inches 1.442720 cm - 57, p. 2.1.2.2-6
Guide Tube OD 0.530 inches 1.3462) cm 0.6731 57,p.2.1.2.2-6
Guide Tube Thickness 0.016 inches | 0.04064 cm - 5.7, p. 2.1.2.2-6
Guide Tube ID’ 0.498 inches | 1.26492] cm 0.63246 -
Instrumentation Tube OD 0.493 inches | 1.25222) cm 0.62611 57,p.2.1.2.2-6
Fuel Assembly Envelope 8.534 inches | 21.68144] cm - 57,p.2.1.2.2-6
Displaced Volume per Fuel Assembly 4927 inches’ 0.081 m’ - 5.10, p. 1I-3.6-98

*The inner diameters (IDs) above are calculated by subtracting 2 X thickness from the outer diameter (OD).
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4.1.2 Intact Waste Package Geometry Parameters

The intact waste package geometry parameters used in this analysis are listed in Table 4.1-2 below.
Figure 4.1-1 depicts the 21 Pressurized Water Reactor (PWR) Advanced Uncanistered Fuel (AUCF)
absorber plate WP, its internals, and the material specifications (Ref. 5.17). This is considered
unqualified TBV information, as other WPD QAP-3-9 analyses being performed in parallel may

result in design changes not reflected in this analysis.

Table 4.1-2. Intact WP Dimensions

Component Dimension Reference
Outer barrier length (skirt edge to skirt edge) 5335cm 5.15,p.1-18
Outer barrier skirt length (both ends) 225¢cm 5.15,p. I-18
Outer barrier lid thickness 11.0cm 5.15,p.1-18
Outer barrier inner radii 73.1 cm 5.16,p. 8
Outer barrier outer radii 83.1cm 5.16,p. 8
Gap between inner and outer lids 3.0cm S5.15,p. I-18& 19
Inner barrier length (overall) 463.5cm 5.15,p. I-19
Inner barrier lid thickness 25cm 5.15,p.I-19
Inner barrier inner radii 71.095cm’ 5.16,p.8
Inner barrier outer radii 73.095 cm 5.16,p. 8
Fuel cel] tube thickness 05cm 5.15,p. I-21
Fuel cell tube height 457.5cm 5.15,p. I-21
Fuel cell tube outside width 23.64 cm 5.15,p. 121
Total displaced volume of single fuel cell tube 0.02117 m’ 5.15,p. VI-1
Criticality control plate thickness 0.7cm 5.15, p.1-29 10 31
Criticality control plate height 113.38cm 5.15,p.1-20
Total displaced volume of all criticality control plates 0.243 m’ 5.15,p. VI-1
Total displaced volume of guides and supports 0.259 m’ 5.15,p. VI-1

1- Excel spreadsheet calculations of oxide volume fractions used the more recent inner barrier ihner radii of 70.485 cm

from Reference 5.15, p. I-19.



Waste Package Development Design Analysis

Title: Criticality Evaluation of Degraded Internal Configurations for a PWR WP
Document Identifier: BBA000000-01717-0200-00056 REV 00 : Page 8 of 113

OUTER BARRIER LID
(A516)

INNEA BARRIER
(ALLOY 625)

INNER BARRIER LID

SIDE GUIDE (ALLOY 625)

(A516)
INTERLOCKING PLATES
(CUTAWAY VIEW)
(Neutronit A978 Borated SS) OUTER BARRIER
(AS16)
INNER BARRIER LID
(ALLOY 625)

OUTER BARRIER LID
(A516)

CORNER GUIDE
{A516)

CORNER STIFFENER

SIDE COVER (A516)

(A516)

TUBE
(AS16)

Figure 4.1-1. Advanced Uncanistered "uel Waste Package with Internals Shown

] ) )




Waste Package Development

Design Analysis

Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs
Document Identifier: BBA000000-01717-0200-00056 REV 00 Page 9 of 113

4.1.3 Material Properties

The atomic weights of isotopes are listed in Table 4.1-3 below (Ref. 5.18, pp. 941-978, unless
otherwise noted). This information is obtained from qualified QAP-3-9 analyses, or is considered
established fact, and is therefore considered qualified.

Table 4.1-3. Atomic Weights in g/mole (Ref. 5.18)

Isotope_ MCNP ID#
B-10 5010'.50C
B-11 5011.56C
Nat. O not used
0-16 8016.50C
Nat. Fe 26000.55C
Mo-95 42095.50C
Tc-99 43099.50C
Ru-101 44101.50C
Rh-103 45103.50C
Ag-109 47109.50C
Nd-143 60143.50C
Nd-145 60145.50C
Sm-147 62147.50C
Sm-149 62149.50C
Sm-150 62150.50C
Sm-151 62151.50C
Sm-152 62152.50C
Eu-151 63151.55C
Eu-153 63153.55C
Gd-155 64155.50C
U-233 92233.50C
U-234 92234.50C
U-235 92235.50C
U-236 92236.50C
U-238 92238.50C
Np-237 93237.55C
Pu-238 94238.50C
Pu-239 94239.55C
Pu-240 94240.50C
Pu-241 94241.50C
Pu-242 94242.50C |
Am-241 95241.50C
Am-242m 95242.50C
Am-243 95243.50C

Wi
10.0129388
11.0093053
15.9994"
15.994915
55.847°
94.905839
98.90627501™
100.905576
102.905511
108.904756
142.909779
144912538
146.914867
148.91718
149.917276
150.919919
151.919756
150.919838
152.921242
154.922664
233.039522
234.040904
235.043915
236.045637
238.05077
237.048056
238.049511
239.052146
240.053882
241.056737
242.058725
241.056714
242.059502
243.061367

*  From Reference 5.20, pp. 16 &17

**  From Reference 5.19

Avogadro's Number [N,] = 0.602252 (g-mol)'x10* (Ref. 5.18, p. 933).



) Material A 516 Gr. 55 Inconel B.C Zircaloy-4 SS316B6A
Tomeeel Carbon Steel Alloy 625 (Ref. 5.19, (Ref. 5.19, | w/20% B removed
Element (Ref. 5.19,p.I-1) | (Ref.5.23,p.3) p.I-15) p.1-16) (Ref. 5.19, p. I-12)
Fe 98.535% 5.000% - 0.200% 60.6390%
"B/''B - - 14.143%/ - 0.2311%/
64.427% 1.0530%
Cr - 21.500% - 0.100% 19.0610%
Ni ; - 58.000% - - 13.5433%
- Mn 0.900% 0.500% - - 2.0064%
Mo - 9.000% - - 2.5080%
N - - - - 0.1003%
S 0.035% 0.015% - - 0.0301%
Si . 0.275% 0.500% - - 0.7524%
0.035% 0.015% - - 0.0451%
C 0.220% 0.100% 21.430% - 0.0301%
0.120% -
Co - 0.930% - -
Ti - 0.400% - - -
Al - | 0.400% -
50% Nb + - © 3.600% - - -
50% Ta
Zr - - - 98.180% -
Sn - - - 1.400% -
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Densities of non-fuel materials used in this analysis is as follows:
A 516 Grade 55 Carbon Steel 7832 kg/m’ Reference 5.19, p. I-1
SS316B6A w/ 20% B removed 7745 kg/m’® Reference 5.19, p. I-12
B,C with natural B 1780 kg/m’ Reference 5.19, p. I-15
Iron Oxide (Fe,0,) ' 5240 kg/m’ Reference 5.22, p. B-104
Zircaloy-4 6560 kg/m’ Reference 5.19, p. I-16
Inconel Alloy 625 8442 kg/m’® Reference 5.23, p. |
Water 1000 kg/m? Reference 5.19, p. I-19

Chemical compositions of alloys used in this analysis are given in Table 4.1-4 below.
' Table 4.1-4. Chemical Compositions of Non-Fuel Materials
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4.1.4 Stainless Steel Corrosion Data

Several researchers have investigated the general corrosion rates of 304 and 316 series
stainless steels in J-13 well water environments which roughly bound the range of conditions
indicated in assumption 4.3.8. A summary of this corrosion data for temperatures in the 28 -
100°C range is given in Table 4.1-5. These temperatures cover the range expected for the
WP internals (Ref. 5.33) for times later than 3,000 years in a repository with a thermal

- loading of 83 MTU/acre (see assumption 4.3.10), which is when the majority of WPs will
begin to fail (see assumption 4.3.9) and release the He fill gas which previously maintained
an inert environment within the WP. While the specified criticality control material is
Neutronit A978 (with a composition similar to the conceptual borated 316 stainless steel,
SS316B6A, in Ref. 5.19), much of the stainless steel corrosion data collected in repository
relevant environments is for 304 stainless steels, because this was the material specified for
the old borehole emplaced WP design. This data has been included in Table 4.1-5 because
304 stainless steels have performed similarly to 316 stainless steel in repository relevant tests
which included both materials, and they are generally recognized as being less corrosion
resistant than 316 stainless steels in harsher environments.

Based on the short term (relative to the time frames being considered) corrosion information
in Table 4.1-5, the corrosion rate for 304/316 stainless steels in the typical J-13 well water
environment ranges between 0.02 - 0.57 pm/yr in tests lasting from less than 100 hours to
tests lasting more than 11,000 hours. The middle of this range on a log scale is =0.1 pm/yr,
and many of the longer corrosion test show corrosion rates that are comparable or less than
this by the end of the test, so this value will be used as the typical corrosion rate for 304/316
stainless steel for this analysis. At a pH slightly below that of the bottom range given in
assumption 4.3.8, or CI' concentrations (a significant influence on SS corrosion per Ref. 5.34,
p. 148) =2,500x that of J-13, the corrosion rates of 304/316 stainless steels were 1 to 2 orders
of magnitude higher than in the typical environment. At a pH near the top of assumption
4.3.8, and CI' concentration = 150x J-13, the corrosion rates were only slightly to one order
of magnitude higher than the typical range. Therefore, a rate of 1 um/yr (one order of
magnitude higher than typical) will be used as the upper bound for the 304/316 stainless steel
corrosion rate. The lower bound of the stainless steel corrosion rate will be taken to be that
of the lower range of the J-13 tests, 0.02 pm/yr, to account for the possibility of further
passivation of the stainless steel than that which occured during the relatively short duration
tests shown in Table 4.1-5. Figure 4.1-2 illustrates the effects of passivation on the corrosion
rate of 304L stainless steel in J-13 well water at temperatures of 90 to 100°C.

Most of the tests in Table 4.1-5 were performed for unborated stainless steel. The one
comparison of borated versus unborated 304L stainless steel in a low pH environment found
that the borated material (with 1.23 wt% B) had a corrosion rate that was 4x that of the
unborated material. Reference 5.31 (pp. 3-22 to 3-27) also indicates that borated stainless
steels with boron contents between 1-2% show decreased resistance to general, pitting,
crevice, and intergranular corrosion in harsh (boiling acidic and/or high CI') environments
as boron content increases. However, a six month test in more benign spent fuel pool
conditions of 68°C and pH of 5.3 (2,000 ppm boric acid) showed no difference in corrosion
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Table 4.1-5. 304 and 316 SS General Corrosion Data

SS Environment pH Cl- Test Type Test Duration | Test Temp(s) | Corrosion Rate | Reference
Material (ppm) (hours) °C) (um/yr)
304L J-13 1.6 6.9° weight loss 10-11k 50-100 0.07-0.13 5.25,p. 24
304L J-13 7.6 6.9 weight loss 3.5-5k 50-100 0.03-0.23 5.28,p. 24
304L J-13 7.6? 6.9 weight loss 8.8k 28 0.14-045 5.25,p. 26
304L J-13 w/ crushed tuff 7.6 6.9 weight Joss 1k 100 0.25 527,p.79
304L | Simulated J-13 w/ Alloy 825 galv. couple | 72 6.4 | electrochem. 0-1k 90 0.08-0.37 5.26,p. 108
304L Simulated J-13 w/ Alloy 825 galv. couple | 7* 6.4 | electrochem -2k 90 0.04-0.07 5.26, p. 108
304L Simulated J-13 7 6.4° electrochem. 0-2k %0 0.02-0.14 5.27,p.35
304L Simulated J-13 72 6.4 weight loss 2k 90 0.57 5.26,p. 117
316L J-13 7.6 6.9* weight loss 10-11k 50-100 0.04-0.15 5.25,p. 24
316L J-13 1.6 6.9° weight loss 3.5-5k 50-100 0.10-0.28 5.28,p. 24
316L J-13 w/ crushed wiff 1.6 6.9% weight loss tk 100 0.51 5.27,p.79
304L Sim. J-13 Sol. 20 (vapor/liq./alternating) 10 10007 | weight loss 29k 90 0.03/0.29/0.43 | 5.27,p. 54
304L Sim. J-13 Sol. 20 (vapor/liq./alternating) 10° | 1000 | electrochem. 0-2.5k 90 0.04-0.18 5.27,p. 56
304L Sim. J-13 Sol. 20 100 | 1000 | electrochem. 0-1k 90 0.46-1.3 527,p. 114
304L Sim. J-13 Sol. 20 10 1000° | electrochem. 1-2k 90 0.04-0.25 527,p. 114
304L Sim. J-13 Sol. 20 10? 1000° | weight loss 2k 90 1.57 5.27,p. 114
304 Ocean Surface 8’ 19k | weight loss 9.3k 17.6 14.6 5.24,p. 40
316 Seawater, Kure Beach, NC 8 19K’ | weight loss 11.5k 0-40 6.11 5.29,p.21
316 Seawater, Panama Canal 8’ 19k’ weight loss | 8.8k/70k/140k 0-40 14.99/6.4/1.25 | 5.29,p. 21
304L See Note 1 below 38 0.4 weight loss 96 90 10 5.30,p. 14
B-304L | See Note | below 3 0.4 weight Joss _96 90 41 30, p. 14 ||

Note 1: 0.0IM formic acid, 0.01M sodium formate, 0.02M sodium oxalate, 0.01M nitric acid, 0.01M sodium chloride, 0.01M hydrogen peroxide in dist. water.
Note 2: J-13 and Simulated J-13 composition based on Reference 5.27, Table 2.3. Simulated J-13 Solution 20 composition from Reference 5.27, Table B.3.

Note 3: Seawater composition based on Reference 5.24, Table 28.

.




Waste Package Development Design Analysis

Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs
Document Identifier: BBA000000-01717-0200-00056 REV 00 Page 13 of 113

resistance for stainless steel with boron concentrations of 1% to 1.75% (Ref. 5.31, p. 3-22).
Therefore, to more conservatively model the corrosion of Neutronit A978 with the available data,
a factor of 4 will be applied to the lower bound, typical, and upper bound corrosion rates defined for
unborated 304/316 stainless steels. Data presented in this section is based on preliminary corrosion
testing and is therefore considered unqualified TBV data.
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Figure 4.1-2. Corrosion Rate of 304L Stainless Steel as a Function of

Time in 90-100°C J-13 Well Water
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4.2 Criteria

The Engineered Barrier Design Requirements Document (EBDRD; Ref. 5.8) contains several
criteria which relate to criticality control. The "TBD" items identified in these criteria will not be
carried to the conclusions of this analysis based on the rationale that the conclusions are for
preliminary design, and will not be used as input in design documents supporting construction,
fabrication, or procurement. A review of the EBDRD and CDA identified the following relevant
requirements:

4.2.1 Criticality Control

The EBDRD requitements 3.2.2.6 and 3.7.1.3.A both indicate that a WP criticality shall not
be possible unless at least two unlikely, independent, and concurrent or sequential changes
have occurred in the conditions essential to nuclear criticality safety. These requirements
also indicate that the design must provide for criticality safety under normal and accident
conditions, and, that the calculated effective multiplication factor (k.;) must be sufficiently
below unity to show at least a five percent margin after allowance for the bias in the method
of calculation and the uncertainty in the experiments used to validate the methods of
calculation. The latter requirement contains a “TBD"” at the end.

CDA Assumption EBDRD 3.7.1.3.A (Ref. 5.21, p. 4-32) clarifies that the above requirement
is applicable to only the preclosure phase of the MGDS, in accordance with the current DOE
position on postclosure criticality. This assumption also indicates that for postclosure, the
probability and consequences of a criticality provide reasonable assurance that the
performance objective of 10CFR60.112 is met. While the Nuclear Regulatory Commission
(NRC) has not yet endorsed any specific change for postclosure, they have indicated that they
agree that one is necessary.

Finally, EBDRD 3.3.1.G indicates that “The Engineered Barrier Segment design shall meet
all relevant requirements imposed by 10CFR60.” The NRC has recently revised several parts
of 10CFR60 which relate to the identification and analysis of design basis events (Ref. 5.13)
including the criticality control requirement, which was moved to 60.131(h). These changes
are not reflected in the current versions of the EBDRD or the CDA. The change to the
criticality requirement simply replaces the phrase “criticality safety under normal and
accident conditions” with “criticality safety assuming design basis events.”

This analysis contributes to satisfying the proposed postclosure requirement by supporting
probabilistic analyses of internal PWR AUCF WP criticality. The probabilistic analysis,
along with an estimate of internal criticality consequences to be performed in a separate
analysis, will be considered in the Total System Performance Assessment (TSPA) - Viability
Assessment (VA) to demonstrate compliance with the performance objective of §60.112 (or,
as appropriate, other applicable performance objectives in effect or proposed by the NRC at
the time the TSPA-VA analysis is performed). Evaluations of potential design options also
consider the 5% administrative margin in the current requirement.



Waste Package Development Design Analysis

Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs
Document identifier: BBA000000-01717-0200-00056 REV 00 ' Page 15 of 113

4.3  Assumptions

All assumptions are for preliminary design; these assumptions will require verification before this
analysis can be used to support procurement, fabrication, or construction activities.

4.3.1 Principal Isotope (PI) burnup credit is assumed to be an acceptable method to account for
reduced reactivity of SNF in criticality evaluations. The basis for this assumption is CDA
Key 009 (Ref. 5.44). This assumption is used throughout Section 7.

432 TItis assumed that B&W Mark B 15 x 15 fuel type is bounding for all PWR assembly designs.
The basis for this assumption is a previous evaluation performed for the BR-100
transportation cask, which established the B&W Mark B assembly as one of the more

* reactive PWR fuel designs under intact fuel assembly and fixed basket geometry conditions
(Ref. 5.10, p. I.6-6). This assumption is used throughout Section 7.

4.3.3 For spent nuclear fuel (SNF), the list of "Principal Isotopes” previously established (Ref.
5.46, p. 4-4) for long-term criticality control was used. The 29 principal isotopes are shown
in Table 4.3-1. This assumption is used throughout Sections 7.

Table 4.3-1. Principal Long;Term Burnup Credit Isotopes
- Mo-95 | Tc-99 Ru-101 Rh-103
Ag-109 Nd-143 Nd-145 Sm-147 Sm-149
Sm-150 Sm-151 Sm-152 Eu-151 Eu-153
Gd-155 U-233 U-234 U-235 U-236
U-238 Np-237 Pu-238 Pu-239 Pu-240
Pu-241 Pu-242 Am-241 Am-242m Am-243

4.3.4 Reserved.

43.5 Itis assumed that the WP is fully flooded for this analysis. The basis for this assumption is
that it is conservative, and moderation is a required condition for criticality in commercial
SNF with an enrichment of less than 5 wt% (Ref. 5.46). Furthermore, scenarios leading to
a fully flooded WP have been proposed in previous QAP 3-9 analyses (Ref. 5.37,p. 17). The
probability of achieving and maintaining this condition for a long period of time will be
evaluated in the probabilistic analysis which this document supports. This assumption is
used throughout Section 7.

43.6 Ttisassumed that the k of commercial SNF is conservatively determined using a single fuel
region assembly in the MCNP model and using isotopics developed with the SAS2H fuel
depletion model used in Reference 5.43. The following core operating conditions from
Reference 5.43 were used for the SAS2H runs: a maximum B&W 177 fuel assembly core
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moderator outlet temperature of 607.6 K, maximum pellet average temperature of 975 K,
maximum beginning of cycle hot full power boron concentration of 1,050 ppm and average
boron concentration of 552.6 ppm, cladding temperature 42 K higher than moderator outlet
temperature, and an average 7.25 MW/assembly. The basis for using a single node fuel
region in the MCNP model is that a single axial node has been found to provide conservative
results compared to a multi-node for fuel assembly burnups less than =30 GWd/MTU (much
of the fuel of concern for this analysis has burnup less than this) in other analyses using
different code systems (Ref. 5.47) or depletion models (Ref. 5.48, App. B). The basis for
using the Reference 5.43 SAS2H model is that it was developed under the M&O QAP-3-9
procedure and attempts to conservatively model assembly isotopics (from the standpoint of
maximizing reactivity) by minimizing moderator density and using a minimum assembly
specific power to achieve a longer burntime. However, it does not take into account the
effects of burnable poison rods, control rods, or axial power shaping rods which may be in
the assembly at some time during reactor operation, and which also have the potential
increasing the reactivity of the spent fuel assembly. Bounding methods for modeling
commercial PWR fuel isotopics using the SAS2H/MCNP code system are currently being
developed by the WPD Ciriticality Analysis Methodology Group for use during the License
Application phase of design. This assumption is used throughout Section 7.

437 The long-term (300-20,000 years after emplacement) design-basis ambient (naturally
existing) flow conditions are provided by CDA Assumption TDSS 026 (Ref. 5.21, p. 10-22)
and are grouped into three categories: Fully Mediated (steady in time and uniform in space),
Steady Focused (steady in time and focused in space), and Episodic Focused (episodic in
time and focused in space). The assumed flow rates of water onto the WP, and the frequency
of occurrence for each category are as follows:

Category Flow Rate Erequency

Fully Mediated 0.5 m%/year Nominal

Steady Focused 20 m®/year Once per 40 years
Episodic Focused 20 m’ /year, occurring over one week Once per 40 years

Furthermore, the Rationale section of TDSS 026 also indicates that the above mentioned
ambient flow assumptions do not consider the spatial variation of average flux across the
repository footprint, which is estimated to be between near zero to a factor of five times the
average infiltration flux. An average value of 2.5 times the average flux will be used for this
analysis. This assumption is used in Section 7.1.

4.3.8 The composition of seeping water that enters the excavated volume of the repository per
CDA Assumption TDSS 025 (Ref. 5.21, p.10-20) is assumed to be:

Typical: pH 7.4 (J-13)
Variability: pH4.5t0 10.5
Concentration factor of 0.1 to 10 times the nominal J-13
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These variabilities of the water chemistry are applicable to the water influx at the edge of the
excavated volume. The basis for this assumption is given in TDSS 025. For this analysis,
the above composition is also taken to be the composition of the water entering the WP.

4.3.9 Ttis assumed, per the WP barrier design goal in CDA Assumption Key 074 (Ref. 5.21, p. 3-
64), that no more than 10 waste packages will breach within 3,000 years after repository
closure when exposed to the near-field environment based on assumptions 4.3.7 and 4.3.8
as modified by the engineered barrier system. Breaching of the waste package is defined as
an opening through the wall of the waste package through which advective or diffusive
transport of gas or radionuclides can occur. The basis for this assumption is given in Key
074. This assumption is used in Section 7.1.

4.3.10 It is assumed that the repository thermal loading will be within the range of 80-100
MT U acre (corrosion times based on WP temperatures in an 83 MTU/acre thermal loading
are used). The basis for this assumption is provided in CDA Assumption Key 019 (Ref.
5.21, p. 3-64). This assumption is used in Section 7.1.

4.3.11 The following equation obtained from Reference 5.4, page 7, is assumed to provide
representative , but slightly conservative values for PWR SNF assembly k_ values:

k.= 106 - 0.01b - 0.002-c + 0.114-a + 0.00007081-* + 0.00007565-¢ - 0.007-a° -
0.0002671-b-a - 0.0001145-b-c + 0.0002318-c-a + 0.000009366-b-c-a

where, a = initial U235 enrichment in weight percent,
b = assembly burnup in GWd/MTU, and
¢ = assembly cooling time (i.e., age) in years (< 20 years).

The usage and development of this equation is presented in detail in Reference 5.4. The -
basis for using this equation is that it was used in defining the WP design configurations in
Reference 5.5, and is used in this analysis only to identify the range of burnups and
enrichments of fuels currently intended for a specific WP design. This assumption is used
in Sections 7.2 and 7.7.

4.3.12 It is assumed for the purposes of estimating the amount of iron oxide removal that 100% of
the water flowing onto the WP enters the interior, and that iron saturated internal water is
exchanged with unsaturated water from the outside with a 10% efficiency. The basis for the
former assumption is that it is very conservative because some fraction of water dripping
onto the WP is likely to run off rather than enter, especially when the WP is only initially
breached by small pits. The latter assumption is based on the high range of the exchange
efficiency used in Reference 5.37 assumption 4.3.4, and the fact that water that is both
entering and leaving the WP at the top is not likely to significantly mix with the water in the
lower portion of the WP, which is where most of the iron oxide will be. This assumption is
used in Section 7.1.
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4.3.13 The specific MGDS commercial SNF assembly population data (burnup and enrichment} to
consider for this analysis were identified in Reference 5.42 and have been developed based
upon the best information available to the MGDS program. The specific electronic data file
used from Reference 5.42 is the uncompressed C1_WSM.ZIP, with only the information on
the historic and projected PWR population used for this analysis. However, since a 10 year
age will be assumed for all PWR assemblies in the binning process performed here, and the
assembly receipt time information in the data file is not being used, any of the files for
scenarios C1 through C8 could be used because the burnup and enrichment information does
not change. The basis for this assumption is that it is consistent with Ref. 5.5 and several
other recent MGDS throughput analyses. The basis for assuming the 10 year fuel age for all
assemblies is that it is conservative with respect to the k_ calculated using the equation in
assumption 4.3.11, and is consistent with CDA Assumption Key 004 (Ref. 5.21, p. 3-15)
which indicates that fuel younger than 10 years will not be accepted at the MGDS. This
assumption is used in Section 7.2.

4.3.14 Ttis assumed that the 304/316 stainless steel general corrosion data can be used to represent
the bulk corrosion of Neutronit A978 borated stainless steel in repository environments,
when increased by a factor of 4. The basis for this assumption is that Neutronit A978 is
similar in composition to 316 stainless steel, and corrosion data in repository relevant
environments is only available for 304/316 stainless steels. Furthermore, a borated 304
stainless steel was found to have a corrosion rage 4 times that of unborated stainless steel in
a short term corrosion test in a harsh environment (see Section 4.1.4). This assumption is
used in Section 7.1.

4.3.15 While Reference 5.5 (p. 6) indicates that Disposal Control Rod Assemblies (DCRA) will be
zircaloy clad with B,C as the neutron absorber material, no other design details have been
developed at this time. Therefore, it is assumed that the DCRA rods are clad with Zircaloy-4
and have a cladding thickness that is equivalent to that of a thick fuel rod cladding, 0.0762
cm (based on 0.030 in. for the thickest PWR fuel cladding from Exxon; Ref. 5.7, p. 2.1.2.2-
2). The basis for this assumption is that the DCRA rod cladding should be fabricated from
material that is at least as thick and corrosion resistant as the fuel rod cladding, to ensure that
the DCRA lasts longer than the fuel rod. Furthermore, it is assumed that there is a 0.0762
cm gap between the OD of the DCRA rod and the ID of the guide tube. The basis for this
assumption is engineering judgement to allow adequate clearance for insertion of the DCRA
rod into the guide tube. Finally, it is assumed that there is a gap of 0.0165 cm between the
ID of the DCRA rod cladding and the OD of the B,C pellets. The basis for this assumption
is engineering judgement to make the gap thickness similar to that of a long-life control rod
(Ref. 5.7, p. 2.1.2.2-7). Based on the above DCRA rod thickness and gap assumptions, and
the 0.63246 cm inner radius of the guide tube (see Table 4.1-1) minus 0.1016 mm (0.004 in.)
for tolerance, the following DCRA rod dimmensions are obtained:

DCRA cladding outer radius 0.5461 cm
DCRA cladding inner radius 0.4699 cm
B,C pellet outer radius 0.4534 cm
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This assumption is used in Sections 7.4 and 7.7.

4.3.16 Tt is assumed, for the purpose of estimating the amount of additional carbon steel necessary
for long-term criticality control of the the absorber plate WP under the worst configuration,
that the bias and uncertainty in the method of calculation used for this analysis is 4%. The
basis for this assumption is that previous analyses (Ref. 5.54) of fresh medium and high
enriched fuel using MCNP and the ENDF B/V cross section library had a bias of =2%.
Furthermore, analyses of fresh PWR fuel using the SAS2H/KENO code system and the
ENDF B/IV cross section library had a bias of =2.5%. As benchmarking of a model for
PWR fuel has not yet been completed, the 4% bias is used with the expectation that it will
be conservative. Bounding methods for modeling commercial PWR fuel isotopics using the
SAS2H/MCNP code system and ENDF B/VI cross section library are currently being
developed by the WPD Criticality Analysis Methodology Group for use during the License
Application phase of design. '

4.3.17 Itis assumed for the purpose of evaluating the absorber rod WP that its basket contains the
same amount of iron as that of the absorber plate WP, and thus the amounts of iron oxide
produced will be the same. The basis for this assumption is engineering judgement until
detailed design information for the absorber rod WP can be developed. This assumption is
used in Section 7.4.

4.4 Codes and Standards

None used.
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6. Use of Computer Software
6.1  Software Approved for QA Work

The calculation of k. of degraded internal WP configurations was performed with the MCNP4A
computer code (CSCI: 30006; Ref. 5.12). MCNP4A calculates k,,; for a variety of geometric
configurations with neutron cross sections for elements and isotopes described in the Evaluated
Nuclear Data File version B-V (ENDF-B/V). MCNP4A is appropriate for the fuel geometries and
materials required for these analyses. The calculations using the MCNP4A software were executed
on a Hewlett-Packard 9000 Series 735 workstation. The software qualification of the MCNP4A
software, including problems related to calculation of k., for fissile systems, is summarized in the
Software Qualification Report for the Monte Carlo N-Particle code (Ref. 5.12). The MCNP4A
evaluations performed for this design are fully within the range of the validation for the MCNP4A
software used. Access to and use of the MCNP4A software for this analysis was granted by
Software Configuration Management and performed in accordance with the QAP-SI series
procedures. Inputs and outputs for the MCNP4A software are included as attachments as described
in the following design analysis.

The calculation of the PWR spent fuel isotopics was performed with the SAS2H code sequence,
which is a part of the SCALE 4.3 code system (CSCI: 30011 V4.3; Ref. 5.11). SAS2H is designed
for spent fuel depletion calculations to determine spent fuel isotopic content, decay heat rates, and
radiation source terms. Thus, SAS2H is appropriate for the generation of spent fuel isotopics for the
calculations of this analysis. The calculations using the SAS2H software were executed on a
Hewlett-Packard 9000 Series 735 workstation. The software qualification of the SAS2H software,
including benchmark problems related to generation of isotope contents, is summarized in the
Software Qualification Report for the SCALE Modular Code system (Ref. 5.11). The SAS2H
evaluations performed for this design are fully within the range of the validation for the SAS2H
software used. The associated 44-group cross section library was used for these calculations. Access
to and use of the SAS2H software for this analysis was granted by Software Configuration
Management and performed in accordance with the QAP-SI series procedures. Inputs and outputs
for the SAS2H software are included as attachments as described in the following design analysis.

Information on the quantity of fuel with various cladding and spacer materials was obtained from
two qualified programs from the Characteristics Data Base (CDB). These were the LWR Fuel
Assemblies PC Database (CDB-F; CSCI: 20004 V 1.1) and the LWR Quantities PC Database (CDB-
Q; CSCI: 20003 V 1.3). The CDB was installed on an IBM-compatible PC in accordance with the
User Manual for the CDB-Q (Ref. 5.55), and for the CDB-F (Ref. 5.56) and was obtained in
accordance ‘with the QAP-SI series procedures. This software was appropriate for the application
made in this analysis, was used only within its range of validation, and was obtained from the
Software Configuration Management in accordance with appropriate procedures.

6.2 Software Routines

Microsoft Excel version 7.0, loaded on a 166MHz Pentium PC. This spreadsheet software package
was used as computational support software for calculations performed throughout Section 7. The
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location of the electronic copy of the BURNRICH.XLW spreadsheet containing all inputs and
outputs is given in Section 9, and Attachment III provides a hard copy. All calculations performed
in BURNRICH.XLW are described in Section 7 and/or Attachment III.

MathCad version 6.0+, loaded on a 166MHz Pentium PC. This software package was used as
computational support software for calculations performed in Section 7.1. The location of the
electronic copy of the BORIDE.MCD worksheet containing all inputs and outputs is given in Section
9, and a hard copy is provided in Attachment IV. All calculations performed in BORIDE.MCD are
described in Section 7.

Binning of the waste stream data from assumption 4.3.13 was accomplished using a simple C
program, BURNRICH.C, which calculates the k_ for each PWR assembly in the database using the
equation in assumption 4.3.11, and bins them based on k_, burnup, and initial enrichment. The
BURNRICH.C code is simply an automation of a simple calculation and data manipulation task,
which can easily be (and has been) checked by hand, and is therefore classified as computational
support software which is not qualified under the M&O QAP-SI series procedures. The input file
is discussed in assumption 4.3.13 and the resulting output file is BURNRICH.OUT See Section
9 for the location of the output. The source code is provided in Attachment I. The BURNRICH.C
code was compiled and executed on a 166MHz Pentium PC compatible with a DOS 6.2 operating
system using Microsoft Visual C++ version 1.0.

Calculation of number densities for the principal isotopes were calculated from the
SAS2H/ORIGEN-S summary files using a short BASIC code, AMIGO.BAS, which also
automatically placed them into the appropriate spot in an MCNP input file template. The
AMIGO.BAS code is simply an automation of a simple number density calculation and data
manipulation task, which can easily be (and has been) checked by hand, and is therefore classified
as computational support software which is not qualified under the M&O QAP-SI series procedures.
The input consists of a SAS2H output summary file containing the gram concentrations per assembly
for each of the principa!l isotopes, and one or more MCNP template files. The SAS2H summary file
is produced from the SAS2H output file using the unix “awk” command on the HPS000 computer,
and a short script, “getPI”, which tells awk which lines of the output file to place in the summary file
(see Attachment V). The template files are simply standard MCNP input with the mnemonics
“FUELTOT” and “FUELNUM?” in place of the cell card total number density and that material card
for the fuel region. The AMIGO.BAS output is simply one or more MCNP input files. See Section
9 for the location of the awk script “getPI”, the SAS2H summary files (*.sum), the MCNP template
files, and the resulting MCNP input files. The source code is provided in Attachment II. The
AMIGO.BAS code was executed on a 166MHz Pentium PC compatible with a DOS 6.2 operating
system using MS-DOS QBasic version 1.1
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7. Design Analysis

This design analysis is presented in seven sections. Section 7.1 describes the progression of WP
degradation and the range of configurations to be evaluated. Section 7.2 discusses the development
of the PWR assembly isotopics to be used for this analysis. Section 7.3 discusses the evaluation of
k., for partially degraded baskets. Section 7.4 discusses the evaluation of k for fully degraded
baskets with intact fuel assemblies. Section 7.5 discusses the evaluation of k., for fully degraded
baskets with degraded assemblies. Section 7.6 develops k. regressions for the various degraded
configurations evaluated in Sections 7.3 to 7.5. Finally, Section 7.7 discusses options for reducing
k. for degraded configurations.

7.1 WP Degradation Scenarios

The purpose of this section is to summarize the range of PWR WP internal degraded configurations
to be evaluated. In general, the degradation scenario evaluated here begins with breach of the WP,
and proceeds through the following four phases: 1) degradation of the carbon steel (least corrosion
resistant) basket components, 2) collapse of the basket structure following partial degradation of the
borated stainless steel, 3) full basket degradation leaving only intact fuel and oxide corrosion
products, and 4) degraded fuel and oxide corrosion products. The engineering analysis which
supports this categorization, and the parameter ranges which characterize each phase is given in the
following sub-sections.

The design basis WP system configuration for 100% coverage of the projected PWR waste stream
is given in Reference 5.5, Table 8-1 (p. 30), and includes five different types of PWR WPs. These
types are: a 21 PWR no absorber WP, a 21 PWR absorber plate WP, a 21 PWR absorber rod WP,

a 12 PWR no absorber WP, and a long 12 PWR absorber plate WP for South Texas fuel. The basis
for the conceptual binning of the PWR waste stream into the plate, rod, and no absorber baskets was
as follows: fuel with k_ < 1.0 was placed in a no absorber WP, fuel with 1.00 < k. < 1.13 was placed
in an absorber plate WP, and fuel with k_ > 1.13 was placed in an absorber rod WP. The 1.13 k.
limit for the absorber plate was chosen because it corresponded to a k4 of 0.95 in early intact designs
of the 21 PWR WP (Ref. 5.6, Vol. I, p. 5-5) using the old PWR criticality design basis fuel
(bounded =98% of the PWR fuel). Since both the 21 and 12 PWR no absorber WPs are intended
for assemblies which have a k_ < 1.0, they are not expected to be a criticality concern, and will not
be evaluated in this analysis unless results for the more stressing WPs indicate otherwise. Therefore,
this analysis will focus primarily on the 21 PWR absorber plate WP, with the expectation that this
will also bound the 12 PWR absorber plate WP since previous analyses (Ref. 5.6, Vol. II, p. 6.3-
157) have shown that it has a k. which is typically 3-4% lower than that of the 21 PWR WP in intact
and collapsed conditions, with and without boron (while the South Texas WP was not evaluated, it
is also expected to be lower). Analysis of the absorber rod WP, with a 16 rod zircaloy clad B,C
disposal control rod assembly (DCRA, Ref. 5.5, p. 6) in each fuel assembly, will also be performed
for the worst degraded configuration identified in the analysis of the absorber plate WP,
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7.1.1 Basket Degradation and Collapse

This section discusses the four primary basket components responsible for maintaining the initial
configuration of the WP, and the anticipated changes in the WP configuration which will occur as
a result of their degradation following WP breach. These are the side and corer guides, the neutron
absorber plates, fuel cell tubes, and the fuel assemblies themselves. Priot to WP breach, the interior
of the WP still contains its initial charge of He gas (Ref. 5.17, p. 129), and no degradation of the
internal components would be expected. The inert environment is lost on first pit penetration of both
WP barriers, which TSPA-95 (Ref. 5.33, Sect. 5) predicted would occur for a majority of WPs
(typically 80% or more) within 2,000 to 10,000 years after emplacement under most of the 83
MTU/acre scenarios. However, those scenarios which considered that the remaining carbon steel
could provide cathodic protection for the inner barrier showed much longer times to first pit
penetration (in the 10,000 to 100,000 year time frame). The WP design goal for VA is that no' more
than 10 WPs fail before 3,000 years (see assumption 4.3.9).

The AUCF WP side and corner guides are fabricated from 10 mm thick carbon steel plates.
Reference 5.36 indicates that the side guide will fail by bending at a thickness of 2.9 mm if there is
no other material loading the basket (which would only be the case after the upper portion of the WP
barriers have collapsed, allowing backfill and/or rockfall rubble to enter). Reference 5.36 estimated
that this failure would occur within 60 to 340 years following WP breach for the 83 MTU/acre case
without backfill using the TSPA-95 carbon steel corrosion model. Failure of the side guides will
cause the bottom row of fuel assemblies to shift downward to touch the inside of the inner barrier.
As the criticality control plate assemblies also rest on the top of the side guides, the entire basket
structure should also shift downward. Since the corner guides are under less loading, their failure
should occur shortly after failure of the side guides. Failure of the corner guides will result in the
assemblies on the end of the second row from the bottom to shift downward to touch the inside of
the inner barrier. The assemblies above them should remain in place until sufficient degradation of
. the neutron absorber plates which support them has occurred.

The fuel cell tubes are also fabricated from carbon steel and have a wall thickness of 5 mm. The
tubes are expected to fully degrade before the failure of the side guides (because they are thinner)
or the criticality control plates. In structural analysis of the criticality control plates, it was
determined that the plates could maintain the basket and SNF assembly configuration without
structural support from the tubes (Ref. 5.36). Failure of the tubes will, therefore, not cause collapse
of the basket, so no specific structural analyses were performed for the tubes.

The AUCF WP neutron absorber plates are fabricated from 7 mm thick borated Neutronit A978
stainless steel plates. Reference 5.36 found that the horizontal absorber plates will bend once 2.5
mm of thinning has occurred, and the vertical plates will buckle after 5.36 mm of material is
removed. Using the stainless steel general corrosion rates discussed in Section 4.1.4 (see assumption
4.3.14), and the factor of 4 increase for the borated stainless steel corrosion rate also discussed in
Section 4.1.4, yields a preliminary estimate that it will take =3,100 years following breach of the WP
for general corrosion of both sides of the neutron absorber plates at the nominal rate (with a high/low
range of 310 to 15,600 years) to remove the 2.5 mm of material that would be required for bending
to occur. It was estimated to take =6,700 years (with a range of 670 to 33,000 years) to remove the
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5.36 mm of material that would be required for buckling of the vertical plates. Considering that
localized corrosion (pitting, crevice, etc.) is the predominant mechanism for corrosion of stainless
steels resulting in faster localized perforation of the material, and that the egg-crate basket structure
provides a large number of crevices, the above structural failure times calculated using general
corrosion rates should be considered an upper bound. Regardless of the actual failure time, bending
will likely occur first at the ends of horizontal long criticality plates, causing the assemblies in the
two side columns to drop down. Final collapse of the basket will occur due to bending of the
horizontal plates supporting the assemblies (which would be expected to occur at a time later than
the bending of the ends because the plates are supported on two sides). Final collapse will leave the
center three columns of fuel assemblies resting on the bottom of the inner barrier.

The corrosion products from the degradation of the carbon and stainless steel basket components
occupy almost twice the volume of the original components, and are fairly insoluble, and thus need
to be considered in degraded criticality analyses because they remain within the WP. Using the
volumes of the tubes and the guides/supports (Ref. 5.15, Att. VT), the density of AS16 carbon steel,
and the weight fraction of iron in carbon steel, the total. mass of iron in the WP from these
components is 5,430 kg (3,431 kg from the tubes and 1,999 kg from the guides/supports). The
borated stainless steel will supply another 1,138 kg of iron when it is fully degraded. The most
thermodynamically stable iron oxide for the water temperature and pH range of concern is hematite,
Fe,0,. While the hydrated oxide form, FeOOH, is also possible, it will essentially be equivalent to
the water/Fe,O, mixtures already considered for this analysis. By dividing by the atomic weight of
iron, adding three moles of oxygen for every two of iron, and multiplying by the molecular weight
of Fe,0,, it is found that a total of 7,762 kg of iron oxide will be produced from degradation of the
carbon steel components (4,905 kg from tubes and 2,857 kg from guides/supports), and 1,626 kg
from degradation of the borated stainless steel, for a total of 9,389 kg of Fe,O; in the WP. These
calculations are performed in the VOLMASS sheet of the attached Excel 7.0 worksheet,
BURNRICH.XLW (see Section 9.0 and Attachment III).

A possible mechanism for removing this iron oxide from the WP is by dissolution in the incoming
water. The solubility of iron in J-13 well water for various pH and oxidizing/reducing conditions
was investigated in Attachment IV of Reference 5.37. Under oxidizing conditions, the solubility of
iron was 3.45x10™'° molar for neutral J-13, and 2.47x10"* molar for acidic J-13. Attachment VI of
Reference 5.37 demonstrated that even the small amount of heat produced by the low burnup fuel
(20 GWdJ/MTU evaluated) that is of concern for postclosure criticality is sufficient to drive a small
amount of natural circulation and maintain an oxygenated environment in a flooded WP. Therefore,
the solubilities for oxidizing conditions will be used for this analysis. The amount of oxide removal
by flushing of a flooded WP breached only on the upper surface can be estimated using the average
flow rate of 1.48 m*/yr onto a WP (which can be calculated from the flow rates and frequencies of
occurrence given in assumption 4.3.7), conservatively assuming that all of the water enters the
package, and using the high exchange efficiency (representing the process of exchanging iron
saturated water from inside the WP with fresh water from outside) of 10% (see assumption 4.3.12).
This yields a 0% to 3% iron removal over a 100,000 year period, with a maximum of 7.5% removal
if the average 2.5 times increase in flow to account for spatial variabilities in the infiltration flux is
considered. These calculations are performed in the VOLMASS sheet of the attached Excel 7.0
worksheet, BURNRICH.XLW (see Section 9.0 and Attachment II).
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Finally, there are several possible variations for the distribution of the oxide corrosion products
within the WP. At the extremes are uniform distribution of the oxide in the WP void space, and
settling of the oxide to the bottom of the WP, or to the bottom of a fuel assembly before all of the
stainless steel plate has corroded. Using the theoretical density of Fe,0, (see Section 4.1.3), and the
total volume contained within the inner barrier minus that occupied by the fuel assemblies (see
Sections 4.1.1 and 4.1.2), indicates that a uniform distribution will have the WP void space filled
with homogenous mixture of a maximum 33 vol% Fe,O, (all of the basket oxides) with the
remainder as water to simulate a flooded WP. The potential removal of 7.5% of the iron by
exchange flow represents a loss of =3 vol% of iron oxide. If the oxide is settles to the bottom of a
fuel cell, or later the WP, the physical geometry of packed solids will result in a density that is less
than theoretical. For example, the percent solid content noted in for a tight packing of sand (Ref.
5.38, p. 17) is 58%. The porosity (the complement of the solids content) of tightly packed carbon
steel tubesheet corrosion products that led to the denting of steam generator tubes at two
Westinghouse plants was found to be between 7 and 25% (Ref. 5.39, p. 10). Since the oxides in the
tubesheet were compressed to the point of denting the tube, and no such restriction of the oxides in
the WP is expected, the tight packing of sand will be taken to be representative of that of iron oxide
scale that has settled. At 58% dense packing, if all of the oxides settle to the bottom, they will
completely cover the bottom three rows of assemblies, and cover 59% of the fourth row (53% or 8
rows of a B&W assembly has been used for this analysis). These calculations are performed in the
VOLMASS sheet of the attached Excel 7.0 worksheet, BURNRICH.XLW (see Section 9.0 and
Attachment III). '

Both the uniform and completely settled extremes are expected to be conservative compared to a
more likely semi-uniform distribution of oxide flakes and particles among and around the fuel
assemblies. This statement is based on the fact that 70% of the Fe,0, comes from degradation of
the carbon steel tubes and borated stainless steel plates, and will already be intimately mixed with

the assemblies. If only the oxide from the carbon steel tubes and borated stainless is considered, it
will take up 40% of the assembly void space at theoretical density. At a 58% dense packing it will
take up 70% of the void space, which is equivalent to covering 10 rows of fuel rods when settled to
the bottom of the assembly. If only the oxide from the carbon steel is considered, it will occupy 30%
of the assembly void space at theoretical density, or cover 8 rows of rods when settled with a S8%
dense packing. These calculations are performed in the VOLMASS sheet of the attached Excel 7.0
worksheet, BURNRICH.XLW (see Section 9.0 and Attachment III).

Reference 5.36 also evaluated possible mechanisms for denting or crushing zircaloy clad
Westinghouse 17x17 fuel assemblies such that they no longer provide an optimum geometry for
criticality. It was concluded that denting of the fuel rods is not likely to occur because there is
sufficient void space for expansion of the corroding basket materials, thus preventing them from
causing any load on the fuel assemblies. Preliminary structural analyses were also performed which
determined that the bottom-most fuel assemblies would be capable of supporting the static load from
the entire degraded basket structure, and all fuel assemblies above them, without being crushed.
Based on this information, the assumption of intact fuel assemblies for criticality analyses is
appropriate and conservative until significant corrosion of the fuel rods and spacer grids has
occurred, or other dynamic loads are applied. Further discussion on fuel assembly degradation is
provided in Section 7.1.3.
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Based on the above discussion, Figure 7.1.1-1 summarizes the initial and degraded waste package
internal configurations. The configurations which will be evaluated in this analysis are represented
~ by the final two pictures in Figure 7.1.1-1. The intermediate configurations still retain the majority
of the borated stainless steel, and the fully collapsed basket configuration has been previously shown
to be more reactive than the intact basket configuration, with or without the boron (Ref. 5.6, Vol. I,
p. 6.3-139). Furthermore, reduced moderator density has already been shown to be less reactive
(Ref. 5.6, Vol. I, p. 6.3-139) and thus will not be considered in this analysis. Similarly, all
configurations are assumed to be in a WP filled with water (see assumption 4.3.5) unless otherwise
noted (the effects of water level will be evaluated). The probability of obtaining and maintaining
a flooded condition in a WP will be the subject of a future analysis. Finally, it should be noted that
while Figure 7.1.1-1 (and the subsequent MCNP models in Sections 7.3 through 7.5) shows the WP
oriented such that the basket grid is perpendicular/parallel to the direction of gravity, the results are
not expected to be affected by other orientations. In the uniform oxide cases, orientation with respect
to gravity does not affect the distribution of the oxide, and in the settled cases, it will not alter the
fraction of assemblies covered by oxide (as represented by rows of rods or assemblies covered).

The specific configurations evaluated in this analysis for intact assemblies will be as follows:
1) Collapsed Basket with Partial Thickness Borated Stainless Steel (B-SS) Remaining

a)  Uniformly distributed oxide occupying 30-40 vol% of the assembly void space
(30% = carbon steel tube degradation only, 40% = carbon steel tube and all B-SS
degradation), depending on the amount of B-SS plate remaining, with the remainder
as water, and ‘

b) Settled oxide covering the bottom 8 to 10 rows of an assembly (8 rows = carbon steel
tube degradation only, 10 rows = carbon steel tube and all B-SS degradation),
depending on the amount of B-SS plate remaining. The oxide occupies 58% of the
covered void, with the remainder being water.

2) Completely Degraded/Oxidized Basket

a) Uniformly distributed oxide occupying 30, 33, or 40 vol% of the WP void space
(33% base vol%, with 30 vol% evaluated to consider 3 vol% loss due to flushing, and
40 vol% evaluated to consider concentration of most oxides in fuel region), and

b)  Settled oxide covering the bottom 3, 3.5, 4, and 4.5 rows of assemblies (3.5 is base
case). The oxide occupies 58% of the covered void, with the remainder being water.

The amotint of boron potentially remaining in the WP following the degradation of the borated
stainless steel will be discussed in Section 7.1.2.
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Figure 7.1.1-1. Illustration of Degraded 21 ™V R WP Intemnal Configurations with Intact Fuel
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7.1.2 Neutron Absorber Loss

As discussed above in Section 7.1.1, the degradation and collapse of the basket will leave behind a
significant amount of insoluble iron oxide corrosion products. In addition, the boron in borated
stainless steel is in the form of insoluble, elongated metal boride particles (M,B), with over half of
the metal part being chromium, nearly half iron, and a small amount nickel and possibly
molybdenum (Ref. 5.40, Att. VII, p. 23). Preliminary electrochemical measurements indicate that
the Neutronit A978 austenitic stainless steel matrix is noble with respect to the metal boride.
Therefore, the release of the borides from the stainless steel matrix will be controlled by the
corrosion of the matrix. Since general corrosion rate measurements for stainless steels typically
represent weight loss due to localized corrosion (Ref. 5.34, p. 360), rather than uniform thinning,
they are not generally useful for measuring times to penetration or structural failure of stainless steel
components. However, in this case it is appropriate to use general corrosion rates as only thé total
mass of matrix material lost is of concern. Based on the 304/316 stainless steel general corrosion
rates, and the factor of 4 increase for borated stainless steel, discussed in Section 4.1.4, it is estimated
that it will take 8,750 years following WP breach to fully degrade the 7 mm thick borated stainless
steel plates from both sides (with a range of 875 to 43,750 years).

Even if the boride particles have a very small corrosion rate, they will still degrade relatively quickly
to highly soluble orthoboric acid or borates once they have been released from the matrix (Ref. 540,
Att. VII, p. 23) due to their small size. Reference 5.32 (Table 2) examined the surface area of boride
particles in 304B5B and 304B7B stainless steel. The boride particles in the 304B5B were found to
have an average surface area of 24.13 pm? and a maximum surface area of 456 pm’. The boride
particles in the 304B7B were found to have an average surface area of 32.82 pm? and a maximum
surface area of 597 pm?®. The average and maximum surface areas for boride particles in a B6B
stainless steel can then be estimated by interpolating between the B5SB and B7B areas to be 28.48
um? and 526.5 pm?, respectively. Using a corrosion rate of 0.01 pm/yr (just below the low end of
the stainless steel bulk corrosion rate), and treating the boride particles as spheres, indicates that only
110 years for the average particle size and 475 years for the maximum particle size are required to
degrade =98% of the particle. These calculations are performed in the Mathcad+ 6.0 worksheet,
BORIDE.MCD (see Section 9.0 and Attachment IV).

However, previous studies have found that adsorption of boron onto Fe,O, occurs at the rate of
approximately one mole of boron to 3,000 - 12,000 moles of Fe,0; (2 - 0.5 mmols/kg) in the pH
range of 5 to 10 (Ref. 5.41, p. 1377). At the peak adsorption rate, the 9,389 kg of Fe,0, produced
by degradation of all carbon and stainless steel basket components will adsorb 203 g of boron. This
amounts to 0.67% of the original boron in the borated stainless steel. The effects of this potential
mechanism for boron retention on degraded WP k., will also be evaluated in this analysis. These
calculations are performed in the VOLMASS sheet of the attached Excel 7.0 worksheet,
BURNRICH.XLW (see Section 9.0 and Attachment III).
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7.1.3  Fuel Assembly Degradation

As discussed above in Section 7.1.1, structural calculations have shown that a zircaloy clad
Westinghouse 17x17 assembly on the bottom of the WP would be capable of supporting the entire
static load of the basket corrosion products and all assemblies above it. Reference 5.53 (Sect. 7.8)
has performed further structural analysis to demonstrate that other vendor’s assemblies are at least
as robust as the Westinghouse 17x17 assembly, and that the top assembly can support the load of
2.5 m of tuff rubble. Significant losses of assembly structural integrity due to corrosion would not
be expected due to the high corrosion resistance of zircaloy. Reference 5.53 (p. 40), indicates that
at the below-boiling temperatures that would be expected in the time frames considered for WP
breach, studies have found no localized corrosion in aqueous environments across a pH range of !
to 12, and in the presence of a variety of ions including lithium, sodium, potassium, ammonium,
nitrate, sulfate, chloride, and fluoride. At general corrosion rates, the zircaloy components of the fuel
assembly would be expected to last much longer than any other internal components of the WP.
However assembly degradation is still credible, as not all assemblies have cladding and/or spacer
grids that are fabricated from highly corrosion resistant zircaloy, and, due to the potential for
rockfall, some assemblies may be exposed to dynamic loads.

Based on information in Reference 5.53 (p. 26) there are 1846 PWR assemblies with stainless steel
cladding, which represents approximately 1.85% of the total PWR population. Almost all of this
cladding is fabricated from Type 304 stainless steel, with thicknesses ranging from 419 to 724 pm.
Based on the 304 stainless steel corrosion rates discussed in Section 4.1.3, general corrosion would
require 4,190 to 7,240 years (with a range of 419 to 36,200 years) to completely corrode this
cladding. This failure time is longer than that required for basket collapse, but shorter than that
required for complete degradation of the neutron absorber plates. In addition, information in the
CDB (see Section 6.1) indicates that there have been 22,536 PWR (=22.6%) assemblies discharged
with in-core spacer grids fabricated from Inconel 718, which is less corrosion resistant than zircaloy
but more corrosion resistant than stainless steel. This will lead to collapse of the fuel assembly
structure and consolidation of the fuel rods for these assemblies at some time following full
degradation of the WP basket structure. Finally, while the zircaloy fuel rods are relatively robust
under static loads, they are not capable of withstanding significant dynamic loads. For example, 100
kg rock falling 2 m will have sufficient energy to break some of the rods on the top row of fuel
assemblies (Ref. 5.23, p. 47).

Based on the above information, the following geometries involving full degradation of the basket
structure and various degrees of rod consolidation will be evaluated for the limiting fuels:

1) Various amounts of assembly crushing (i.e., reduced fuel rod pitch) in the vertical
direction, and both the vertical and horizontal directions for the fully degraded basket, and

2) Fuel rods piled at the bottom of the fully degraded basket WP (simulates complete spacer
grid degradation),
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72 Development of PWR Assembly Isotopics

The purpose of this section is to define the different fuel isotopic sets which will be used in the
criticality analysis of degraded WP configurations. The 21 PWR absorber plate WP is currently
planned to be used for fuel assemblies with k,_ between 1.0 and 1.13 (Ref. 5.5, p. 30). For this
analysis it is conservatively assumed that all incoming assemblies have an age of 10 years (see
assumption 4.3.13). Based on the database of historical and projected waste streams (see Ref. 5.42
and assumption 4.3.13), and a non-linear regression developed by Oak Ridge National Laboratory
(see assumption 4.3.11) to estimate k. as a function of assembly burnup, enrichment, and age, it is
projected that there are 99,608 PWR assemblies within this range. Figure 7.2-1 below shows how
this population of assemblies will be distributed over the above k_ range at an age of 10 years.
Figure 7.2-2 shows the distribution of assemblies for k_ 2 1.13, which would be loaded into the 21
PWR absorber rod WP under the current loading scheme (Ref. 5.5, p. 30). This binning was
accomplished using a simple C program (BURNRICH.C with output BURNRICH.OUT; see Section
9.0), which calculates the k. for each PWR assembly in the database using the equation in
assumption 4.3.11.

Based on Figure 7.2-1, k,, values of 1.13, 1.10, 1.08, 1.06, and 1.04 will bound 100%, 96.78%,
91.92%, 82.99%, and 62.23% of the population of PWR assemblies intended for the 21 PWR
absorber plate WP, respectively. The code also bins assemblies by burnup and initial enrichment
within each k_ group. Figures 7.2-3 to 7.2-7 show the distribution of assembly burnup in the k_
groups just below the bounding k, values discussed above. For each of the bounding k_ values
discussed above, lower bound, median, and upper bound bumups have been selected from these
distributions (for the 1.04 and 1.06 k_ values, only the median and upper bound burnups were
evaluated as results from evaluations of higher k_ values indicated that these would bound the low
burnups). For each k_ /burnup (hereafter refered to as “k_ bins” such as 1.13h, 1.13m, 1.13], etc.),
an initial enrichment was selected such that the ORNL regression (assumption 4.3.11) would give
a k. approximately equal to that of the k_ bin. The match is approximate so that the resulting
burnup/enrichment pairs remained within the bounds of the burnup/enrichment distribution for that
bin, as given in the BURNRICH.OUT file. The burnup/enrichment pairs for each k_ bin are given
in Table 7.2-1. For the absorber rod WP, two burnup/enrichment pairs representing the high end of
the k_ range shown in Figure 7.2-2 were selected (designated as “cr” bins) in the same manner as the
other bins, and are also given in Table 7.2-1. Figures 7.2-1 to 7.2-7 were generated from the
BURNRICH.OUT file using the graphing capability of Excel 7.0.
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Table 7.2-1. Summary of k., Bin Burnup/Enrichment Pairs and
Associated SAS2H Input Data

Bin 10yrk. Burnup Burnup U235 | U234 | U236 | U238 | EFPD | SAS2H
Name | per assumption | Coverage (GWdA/MTU) | weight% | weight% | weight% |weight% | at7.25 file
4.3.11 for k_ group MWr/assy| name
1.13-1 1.128 0.4% 9 1.7 0.0137 | 0.0078 [98.2784 | 576 el17b9
1.13-m 1.127 50.5% 27 39 0.0338 | 0.0179 |96.0483 | 1728 €39b27
i.13-h 1.123 100.0% 34 4.9 0.0433 | 0.0225 {95.0342| 2176 e49b34
1.10-1 1.103 1.9% 3 0.8 0.0061 | 0.0037 |99.1902 192 ep8b3
1.10-m 1.098 50.0% 235 3 0.0254 | 0.0138 196.9608 | 1504 e3b235
1.10-h 1.099 100.00% 35 4.5 0.0395 | 0.0207 [95.4398 | 2240 e45b35
1.08-1 1.080 2.1% 12 1.5 0.0120 | 0.0069 |98.4811 768 el15b12
1.08-m 1.079 50.4% 28 3.25 10.0277 | 0.0150 |96.7073 | 1792 | e325b28
1.08-h 1.076 98.5% 39 4.6 0.0404 | 0.0212 1953384 | 2496 e46b39
1.06-m 1.062 50.0% 325 3.5 0.0300 | 0.0161 {96.4539] 2080 | e35b325
1.06-h 1.059 99.90% 44 4.9 0.0433 | 0.0225 |95.0342| 2816 e49b44
1.04-m 1.042 50.0% 38.5 3.85 | 0.0333 | 0.0177 [96.0990}] 2464 |e385b385
1.04-h 1.037 98.2% 48 49 0.0433 | 0.0225 {95.0342] 3072 €49b48
cr-1 1.383 n/a 3 43 0.0376 | 0.0198 |95.6427 192 e43b3
cr-2 1.296 n/a 13 4.7 0.0414 ] 0.0216 |95.2370] 832 e47b13

The majority of the input parameters in the SAS2H input files used to perform the depletion and

decay are identical to those defined in Reference 5.43 and their development will not be repeated

here (see assumption 4.3.6). Only the basis for those parameters which differ from those in the

Reference 5.43 input file will be provided in this section. The isotopic distribution of uranium used

in Block 4 of the input is determined by the given initial enrichment and the following empirical
. relationship (Ref. 5.43, p. 14):

Wt%b,,, = 0.007731(Wt%,,5) %,
Wt = 0.0046(Wt%,;),
wt%zss = 100% - wt%zu - Wt%235 - wt%zsﬁ-

The effective full power days (EFPD) for each desired burnup is calculated as follows:

EFPD = (Burnup in GWd/MTU * 1,000 MWd/GWd * 0.464 MTU/assy) -+ 7.25 MW/assy.
Since SCALE 4.3 does not have a predefined mixture for Zircaloy-4, this material was entered as
an arbitrary material for zone 2 (the cladding). The density for Zircaloy-4 was taken to be 6.56

g/cm’® (Ref 5.19, p. I-16). The material composition used for Zircaloy-4 is that given on page I-16
of Ref. 5.19, and is given in Table 4.1-4.

The decay out to 1 million years was run as a separate case from the SAS2H burnup calculation. The
decay case is a stand-alone ORIGEN-S problem which utilizes the output from SAS2H and decays
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to a number of specified times. However, both sequences were run using a single input file for each
case as identified in Table 7.2-1, and a sample is provided in Attachment VI. The input files are
echoed in the output files, which have an “output” extension. At the end of each SAS2H run, the
gram concentrations for the principal isotopes were copied from the SAS2H output into a summary
file (*.SUM) using the unix “awk” command and a short “getPT" script (see Attachment V). See
Section 9 for information on the input, output files, and summary files, 4nd the “getPT” awk script.

The grams/assembly output per time step was used to calculate the number density of each principal
isotope (see assumption 4.3.1). The burnup/enrichment pair number densities for the principal
isotopes were calculated from the SAS2H summary files using a short BASIC code, AMIGO.BAS,
which also automatically placed them into the appropriate spot in an MCNP input file template (see
Section 9.0 for the source code). The AMIGO number density calculations are performed using the
following equation (Ref. 5.45, p. 35):

N, = m;pN,
mM,
where: p is the physical density of the UQ, in g/cm?,

N, is Avogadro’s Number - 0.602252 x 10* atoms/mole,
M, is the gram atomic weight of isotope i,

m, is the gram concentration per assembly of isotope i, and
m is the total mass of UQO, per assembly in grams.

The units of the resulting number density is in atoms/cm’. The required units for subsequent use are
atoms/b-cm where 1 barn equals 10%* cm?  The calculation in AMIGO drops the 10* from
Avagadro’s Number to account for the conversion. As a conservatism in the criticality calculations
which will use these number densities, the values are adjusted up to a 96% theoretical UO, density
(actual pellet is 95%; see Section 4.1.1). Since the number density of oxygen does not change with
time, a value of 4.6947x107 atoms/b-cm was used for all cases (Ref. 5.43, p. 24). AMIGO number
density calculations for the 1.13-m fuel were independently checked for accuracy in the NUMDEN
sheet of the Excel 7.0 worksheet, BURNRICH.XLW.

AMIGO creates MCNP inputs by searching the lines of a user supplied template for the mnemonics
“FUELTOT” and “FUELNUM". When found in.the template file, FUELTOT is replaced with the
total number density for the fuel region, and FUELNUM is replaced with the MCNP ID#s and
number densities of the principal isotopes. An input file is created for each decay time available
from the SAS2H summary file that is within the user specified range.
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7.3 Analysis of Partially Degraded Basket Configurations with Intact Fuel

The purpose of this section is to describe the MCNP cases needed to fully characterize the possible
partially degraded basket configurations. Both the uniformly distributed oxide and the settled oxide
configurations were evaluated for 7 plate thicknesses. While Table 4.1-2 indicates that 7 mm is the
design thickness of the criticality control plates, a 10 mm thickness was also evaluated in the event
that the thickness was increased at some future point in the design process. For the uniformly
distributed configurations, iron oxide concentrations of 30 vol%, 35 vol%, and 40 vol% were
evaluated for the low, median, and high burnup coverage for the 1.13 bin and the median and high
burnup coverage for the 1.10 bin. In some cases 0 vol% iron oxide was also evaluated for the
purpose of determining the total worth of the other oxide concentrations (0 vol% is not considered
a realistic scenario as discussed in Section 7.1). For the settled scenarios, S8 vol% iron oxide fully
covering the bottom 8, 9, and 10 rows of fuel rods in an assembly were evaluated for the low,
median, and high burmnup coverage for the 1.13 bin and the median and high burnup coverage for the
1.10 bin. For most cases, each burnup/enrichment pair was only evaluated for the 14,000 year decay
time, as this has been the time of peak postclosure k. in previous analyses of a collapsed basket with
some boron remaining (Ref. 5.6, Vol. III, p. 6.3-142). However, time effects have been evaluated
for 7 mm, 2.5 mm, and 0.1 mm plate thicknesses.

The degraded 21 PWR absorber plate WP was modeled in MCNP by explicitly modeling Y% of the
package and then using two reflective planes to represent the entire package. The composition and
dimensions of the containment barriers are modeled explicitly using the information in Sections 4.1.2
and 4.1.3. The details of the outer barrier’s skirt were not modeled in detail, since the skirt would
not affect the criticality results appreciably (less than the standard deviation in the Monte Carlo
method). The fuel assemblies are modeled as part of a lattice array, with the lattice positioned such

 that it represents a basket structure which has uniformly collapsed towards the bottom of the WP.
The assemblies were not modeled as resting on the bottom of the WP because some oxide from
corrosion of the side guides may be there to support them, and the approximate cylindrical geometry
is more reactive than that which would occur if all assemblies were touching the bottom. Each fuel
assembly is treated as a heterogeneous system with the fuel rods, control rod guide tubes, and
instrument guide tubes modeled explicitly using the information contained in Section 4.1.1. Fuel
rods are modeled with water in the gap region, and guide and instrument tubes are also filled with
water only (no oxide). The remaining borated stainless steel plate is modeled at the edge of the
assembly lattice cell. Figure 7.3-1 shows the geometry of the MCNP model for the partial basket
uniform cases, while Figure 7.3-2 shows the geometry of the MCNP model for the partial basket
settled case with 10 fuel rod rows covered and 0.5 mm thick borated stainless steel plate remaining
between assemblies. Table 7.3-1 provides the naming convention for the MCNP input and output
files (see Section 9 for file information). Sample MCNP input files are provided in Attachment VI
for the uniform case and Attachment VIII for the settled case.
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Table 7.3-1. Naming Convention for Partial Basket MCNP Cases

Ist Character 2nd & 3rd Characters Characters 4 to 6 Character 7
Plate Thickness Amount of Oxide k_ Bin Decay Time

Uniform a = 2,000 years

ff a=10mm 00 = no iron oxide h13=1.13-h b = 4,000 years

b=7mm 30 =30 vol% iron oxide { mi3=1.13-m ¢ = 8,000 years
c=5mm 35=35vol% iron oxide | 113=1.13-] d = 10,000 years
d=2.5mm 40 = 40 vol% iron oxide | h10=1.10-h e = 12,000 years
e=1mm Settled ml0=1.10-m f = 14,000 years
f=0.5mm 08 = 8 rows covered g = 18,000 years
g=0.1mm 09 =9 rows covered h = 25,000 years
10 = 10 rows covered j = 45,000 years

k = 100,000 years

The results of the various cases are provided in the tables on the following pages. Table 7.3-2
presents the results for the uniformly distributed oxide cases for 14,000 years decay. Table 7.3-3
presents the results for all 10 decay times for two of the uniform oxide cases. Table 7.3-4 presents
the results for the 58 vol% settled oxide cases for 14,000 years decay. Table 7.3-5 presents the
results for all 10 decay times for two of the 58 vol% settled cases. .

Table 7.3-2. Partial Basket k.» Results for Uniform Oxide at 14,000 years

Fol% B-SS 1.13-h 1.13-m 1.13-1 1.10-h 1.10-m
e,0;| Plate

Thickness| ke 20 Ken 20 Kew 20 Ken 20 Ker 20

(mm)

0 10 0.92981 10.00438 ] 0.90077 {0.00468 | 0.81378 | 0.00354 | 0.88991 ] 0.00464 10.84392 }0.00372
30 10 0.78970 10.00344.10.76174 |0.00378 {0.66772 | 0.00364 | 0.75310 }0.00300 | 0.71067 { 0.00302
30 7 0.80683 10.00472 | 0.77960 }0.00388 1 0.68667 ] 0.00274 [0.77191 |0.00380 | 0.72225 | 0.00372
35 7 0.78417 10.00412 | 0.75827 [ 0.00394 | 0.66638 ] 0.00386 | 0.74864 | 0.00404 |0.70235 ] 0.00380
30 5 0.82678 10.00412 1 0.80300 | 0.00448 | 0.70154 | 0.00350 | 0.78967 ] 0.00416 | 0.74207 }0.00366
35 S 0.80199 {0.00294 0.77443 ] 0.00312 | 0.68179 [ 0.00374 {0.76393 1 0.00362 | 0.72363 | 0.00332
30 25 0.86315 {0.00406 | 0.83526 1 0.00436 | 0.74073 [ 0.00324 | 0.82431 | 0.00398 | 0.77845 | 0.00354
40 2.5 0.81769 ]0.00388 | 0.78880 | 0.00438 ] 0.70174 [ 0.00316 ] 0.77890 {0.00412 [ 0.73330 [ 0.00316
30 I 0.90732 10.00404 10.88326 | 0.00360 {0.78842 | 0.00368 {0.87059 {0.00350 | 0.82341 {0.00398
40 1 0.86006 | 0.00356 | 0.83612 |0.00334 | 0.74224 10.00342 10.82300 | 0.00342 | 0.77839 { 0.00270}{
30 0.5 0.93928 10.00428 1 0.91158 10.00376 | 0.82313 ] 0.00388 ] 0.89695 | 0.00392 | 0.85309 0.00250“
40 0.5 0.88658 10.00284 [0.86294 10.00366 10.77465 | 0.00356 10.84774 10.00376 | 0.80680 0.00442"
30 0.1 0.97255 10.00328 {0.95410 [0.00372 [0.87273 }0.00302 [ 0.93808 ] 0.00496 | 0.89726 0.00394"
40 0.1 0.92403 [0.00454 ] 0.90248 {0.00380 10.82080 {0.00402 | 0.88169 { 0.00348 {0.84497 0.00318”
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Table 7.3-3. Time Effects on Partial Basket k.« for Selected 33 vol% Uniform Oxide Cases
B-SS Plate

I%T:cy Vol% | Thickness 1.13-h 1.13-m 1131 1.10-h 1.10-m
(years) |F 2O R‘E'r‘:r‘:)'“g ke | 20 | ke | 20 | ke | 20 | ke | 20 | K, | 20
2000 | 30 7 10.79442{0.00340{0.7671110.004900.68937 |0.00394[0.757260.00408]0.71708 |0.00443
4000 | 30 7 |0.79734]0.00454[0.771610.00446|0.691350.00364[0.76311]0.00398}0.71832}0.004 14|
8000 | 30 7 10.799250.00476[0.77564 |0.00364]0.684740.00350]0.7647610.00398 |0.71980[0.00344
10000 | 30 7___0.80431]0.003980.77638 |0.00468 10.68335 ]0.002880.76799]0.00366|0.72004 [0.00343
12000 | 30 7 0.80499]0.00384[0.77663[0.00374 |0.68544 0.00320[0.76568[0.00484}0.7198310.00344
14000 | 30 7___10.80683]0.004720.77960]0.003880.68667[0.00274 [0.77191]0.00380]0.72225]0.00373|
18000 | 30 7 10.80485]0.00374]0.77688]0.00470[0.68053 [0.00382{0.767210.00368 [0.72098 [0.0035
25000 | 30 7 [0.80678]0.00426[0.77501 [0.00442[0.67600]0.00298]0.766890.00468 [0.71830]0.0030d
45000 | 30 7 10.79512]0.00350]0.76448|0.00414 [0.66024 0.004020.75574[0.00382[0.70227{0.00294)|
100000| 30 7 |0.77439]0.00318]0.74502{0.00382(0.642330.00316]0.73295[0.00412[0.68103]0.0037¢]
2000 | 30 2.5 |0.8502810.00432[0.825040.003980.74647]0.00368 |0.81290]0.00414]0.772550.00457]
4000 | 30 2.5 |0.85212]0.00396/0.827380.00350]0.74465[0.003960.82059]0.00464 [0.77481]0.00384|
8000 | 30 25 [0.85692]0.00290[0.834270.00392[0.74163]0.00248[0.82117]0.003720.77573]0.00314
10000 | 30 2.5 [0.85645]0.00386]0.83618]0.004140.74150]0.00304 [0.82390]0.00366|0.78133 0.00300
12000 | 30 25 |0.86396|0.003860.83368]0.00432/0.741930.00380]0.8252810.003760.77750]0.00264)|
14000 | 30 2.5 10.86315/0.00406]0.83526]0.00436(0.740730.0032410.82431]0.00398 |0.77845]0.00354
18000 | 30 2.5 0.86251]0.00338/0.833450.00436]0.738210.00320]0.82551]0.00442]0.77608 |0.00354
25000 | 30 2.5 10.86686/0.00392(0.83181]0.00372]0.73242]0.00318[0.82364]0.00406 [0.77054 [0.0035
45000 | 30 | 25 {0.85982]0.00366[0.82120]0.00328}0.7182310.00346]0.81612]0.00440]0.75904 [0.0036
100000| 30 25 [0.83728]0.003840.80280]0.00390[0.69529]0.00256[0.79389]0.00392[0.736140.00324
2000 | 40 0.1 [0.904230.00526]0.88469(0.00300]0.822570.00354]0.8660110.00450]0.8349110.00464
4000 | 40 0.1 [0.90761]0.00272]0.89211]0.00446]0.822660.00298]0.869620.00328 |0.838940.00354
8000 | 40 0.1 10.9155210.00306]0.89544 |0.00390]0.822810.00298 [0.87657 }0.00400]0.84267[0.00323}
10000 | 40 0.1 10.91673]0.00402}0.89539]0.003460.82296]0.00350]0.885010.00350]0.83920]0.00364
12000 | 40 0.1 __|0.91879]0.002620.89364[0.00374]0.82515]0.00354]0.88388 [0.00384[0.8459810.00353
14000 | 40 0.1 [0.92403[0.0045410.90248]0.00380]0.82080{0.00402]0.88169{0.00348|0.84497]0.003 14|
18000 | 40 0.1 |0.92510/0.00352]0.90185]0.00256 [0.82173]0.00350]0.889750.00342[0.85046]0.00354]
25000 | 40 0.1 10.93057]0.00330]0.89966|0.00422 |0.81602]0.00318]0.887970.00366}0.84532[0.00364]
45000 | 40 0.1 10.91902/0.0027610.89295[0.00262}0.80300]0.00404 [0.88141 |0.00386 [0.8369010.0035d|
100000 40 0.1 |0.90882(0.0033810.882290.003260.78268]0.00296[0.86701 [0.0032810.8 1286 }0.0033]]
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Table 7.3-4. Partial Basket k.4 Results for 58 vol% Settled Oxide at 14,000 years

Fuel Rod| B-SS 1.13-h [.13-m 1.13-1 1.10-h 1.10-m
Rows Plate
Covered [Thickness| k., 20 Kerr 20 Kerr 20 ke 20 K 20
{mm)

8 10 [0.81426]0.00424 0.786000.00502 |0.69733 |0.002400.77377 |0.00380 |0.73454 |0.0043

8 7 [0.83278]0.00412 [0.80454 |0.00332 |0.71029 | 0.00432 |0.79263 | 0.00384 | 0.74996 [ 0.00396

9 7 ]0.80722[0.00354 {0.78330[0.00386 [0.69393 |0.00392 |0.77649 {0.00428 |0.72799 | 0.00324

8 5 |0.84832{0.00500[0.82299 [0.00416 [0.72858 0.00252 |0.81019 {0.00334 |0.76409 | 0.00290]

9 s |0.822010.00480]0.79672 |0.00282 }0.70623 | 0.00272 0.79002 [ 0.00416 [0.73905 | 0.00376]]

8 2.5 |0.88197]0.00336[0.85849]0.0051010.76804 |0.00340 [0.84771 |0.00486 |0.80536 | 0.00428]

10 2.5 10.838420.00476[0.80639 |0.00378 |0.71386 |0.00348 [0.80212 |0.00276 |0.75639 [0.00442)

8 i 10.93080]0.00386]0.90327 |0.00398 |0.81482 |0.00300 {0.89041 |0.00386 [0.85276 |0.0038

10 1 10.87887/0.00398 |0.85843 |0.00370]0.76977 |0.00394 {0.84450 [0.00456 |0.80226 |0.0026

8 0.5 10.95537]0.004220.93366 [0.00506 |0.84797 |0.00414 [0.92184 |0.00444 |0.88166 | 0.00408]

10 0.5 [0.91223]0.00358 [0.88869 {0.00336 |0.80397 |0.00358 |0.87377 [0.00366 |0.83266 | 0.00358]|

8 0.1 _ [0.99735}0.00484 10.97522 [0.00530 ]0.89972 |0.00316 [0.95564 ]0.00382 [0.92198 ]0.00376l]

10 0.1 10.95201[0.00394 10.92626 {0.00386 [0.85450|0.00352 |0.91279 ]0.00400 |0.87553 | 0.00400|

Table 7.3-5. Time Effects on Partial Basket k.4 for Selected Settled Oxide Cases

Decay |Fuel Rod] B-SS 1.13-h 1.13-m T 1.131 1.10-h 1.10-m
eary | Coverea| Gmmy | *o | 20 | Ko | %0 [ ke [ 20 | Ke [ 20 | & [ %
2000 8 7 10.81968[0.00522]0.796680.00334]0.71385]0.00436| 0.7866 [0.004580.74361 ]0.00334]
4000 8 7 {0.82083]0.00460]0.80040]0.00378[0.71532/0.00310] 0.7862 [0.00286]0.74453 0.00484|
8000 8 7 10.82596]0.00472/0.80176}0.003740.71688[0.00342]0.78961 [0.00448 |0.74723] 0.004
10000 | 8 7 |0.82788]0.00462|0.80426[0.00408 |0.71344 [0.00424 10.79237 0.003660.75196 | 0.0045
12000 | 8 7 |o0.82521]0.00412[0.80413]0.00396]0.71437]0.00366 ]0.79578]0.00394]0.74649] 0.0032
14000 | 8 7 10.83278{0.00412]0.8045410.00332{0.71029{0.00432}0.79263 |0.00384 |0.74996 [0.00394
18000 | 8 7 |0.83212(0.004420.8011910.00404]0.7136610.00380{0.79124]0.00474]0.75135]0.0045
25000 | 8 7 l0.83031]0.00416]0.80436}0.004120.70439]0.00398 |0.79446| 0.0038 |0.74312]0.00384]
45000 | 8 7 0.82001]0.00364]0.7910910.00346{0.692520.004060.78086 | 0.0048 [0.727860.00374
100000 8 7 |0.80444]0.00382]0.77576[0.00388[0.67524 |0.00342[0.763 1 1]0.00434]0.70903 | 0.00364|
2000 8 25 |0.8752010.00372}0.84608 |0.003840.76773]0.00382]0.83303] 0.0038 |0.795740.00376
4000 8 25 |0.8770110.00362]0.85366]0.00414]0.7705810.00410[0.83772{0.0052210.79397 [0.00454
8000 8 25  }0.8835010.00404 [0.855610.00440]0.76989]0.00302 [0.8456610.003 14 [0.80006 |0.00484]
10000 [ 8 25 J0.88204[0.00464]0.858180.00386]0.76751]0.00506|0.84542] 0.0033 [0.80392]0.00407|
12000 8 25 |0.8844210.00464]0.85917]0.00376[0.764840.00342]0.845520.00438 ]0.80158 |0.00297}
14000 | 8 25 0.88197]0.003360.8584910.00510]0.76804]0.00340]0.84771 [0.00486 |0.80536]0.00424
18000 | 8 25  |0.88681]0.00472]0.8564710.00490{0.7602010.00350{0.8466910.00356 | 0.8014 10.00436
25000 | 8 2.5 10.89216}0.00460}0.854080.00396 /0.75837|0.00368 |0.84528 |0.003980.796630.00354
45000 | 8 2.5 10.87621]0.00410}0.8466210.004120.7447510.00294 [0.839470.005180.78465] 0.0048
100000] 8 25 0.86206{0.00448]0.82738}0.00330]0.718460.00384 [0.81382} 0.0045 | 0.7597 [0.00407]
2000 | 10 0.1  10.93087]0.00408]0.91065]0.00362{0.8498210.00298 [0.89322| 0.0041 |0.861480.00362]
4000 | 10 0.1 10.93318]0.00518{0.91670]0.00354 0.85168 [0.0023810.89932 |0.00338 [0.86315] 0.0038]|
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Table 7.3-5. Time Effects on Partial Basket k4 for Selected Settled Oxide Cases
Decay |Fuel Rod| B-SS 1.13-h 1.13-m 1.13- 1.10-h 1.10-m
s | covered |y | Kr | 20 | ke | 20 | ke | 20 | ke | 20 | ke | 20
8000 10 0.1 0.94610[0.00318]0.92098]0.004 16 0.85614 |0.00358 }0.90762 |0.00378 |10.86907 |0.00408
10000 10 0.1 0.948830.00350/0.92894 |0.00404 10.85544 {0.00336]0.91083 |0.00398 0.86817 0.0037
12000 10 0.1 0.9498710.0042210.92751{0.00326]0.85273 |0.00320]0.90755 |0.00402 {0.87483 [0.00322
14000 10 0.1 0.95201 0.0039410.92626 {0.00386 [0.8545010.00352{0.91279| 0.004 [0.87553| 0.004
18000 10 0.1 0.95387/0.0042210.93407 [0.00318{0.85193 ]0.002960.91536|0.00428]0.876160.00334
25000 10 0.1 0.95868 |0.00478]0.93069 [0.003360.85235 [0.00384 |0.91697 |0.00314 |0.87748| 0.004
45000 10 0.1 0.95298 {0.00444 092356 ]0.00360]0.83586 |0.003860.90936 |0.00462 ]0.86469 | 0.0036
100000 10 0.1 0.93891]0.0035410.90975 0.00400]0.81 186 {0.00326 10.89438 |0.00416 ]0.84252]0.0034§

In addition to the boron remaining in the undegraded borated stainless steel, a significant amount of
boron may remain in solution until sufficient flushing of the WP by dripping water occurs. To evaluate
this configuration, water and water/oxide mixture number densities for various concentrations of B
dissolved in the entire water volume of the flooded WP were calculated in the NUMDEN sheet of the
Excel 7.0 spreadsheet, BURNRICH.XLW (see Section 9.0 and Attachment III). Table 7.3-6 provides
the MCNP case names (naming convention differs from that used for previous tables) and k., results for
the 1.13-h fuel in the settled configuration at 14,000 years with various amounts of borated stainless steel
remaining and '°B in solution. See Section 9.0 for the MCNP input and output files for these cases.
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Table 7.3-6. Effects of '°B in Solution for 14,000 yr 1.13-h Partial Basket Settled Cases

MCNP Case | Grams "B B-SS Thickness Fue! Rod K o A, K,
Name in Solution {mm) Rows Covered (%)

rb10b08 3011.26 7 8 0.61778 0.00147 -25.82%
rb5b08 1505.63 7 8 0.70318 0.00193 -15.56%
rb2b08 602.25 7 8 0.76716 0.00186 -7.88%
rhb1b08 301.13 7 8 0.79461 0.0015 -4.58%
rbp5b08 150.56 7 8 0.81381 0.00156 -2.28%
rbp2b08 60.23 7 8 0.82237 0.00239 -1.25%
rbp1b08 30.11 7 8 0.82797 0.00187 -0.58%
rb10b09 3011.26 7 9 0.61689 0.00175 -23.58%
rb5b09 1505.63 7 9 0.69306 0.00232 -14.14%
rb2b09 602.25 7 9 0.75629 0.00219 -6.31%
rb1b09 301.13 7 9 0.78311 0.00219 -2.99%
rbp5b09 150.56 7 9 0.79658 0.00187 -1.32%
tbp2b09 60.23 7 9 0.80211 0.00191 -0.63%
rbp1b09 30.11 7 9 0.80495 0.00217 -0.28%
rb10d08 3011.26 2.5 8 0.66186 0.00193 -24.96%
rb5408 1505.63 2.5 8 0.74542 0.00164 -15.48%
rb2d08 602.25 25 8 0.82285 0.00227 -6.70%
rb1d08 301.13 2.5 8 0.85209 0.00211 -3.39%
rbp5d08 150.56 2.5 8 0.86944 0.00225 -1.42%
rbp2d08 ~ 60.23 2.5 8 0.87713 0.00225 -0.55%
rbp1d08 30.11 2.5 8 0.88319 0.00188 0.14%
rb10d10 3011.26 2.5 10 0.64902 0.00172 -22.59%
rb5d10 1505.63 2.5 10 0.72535 0.00214 -13.49%
rb2d 10 602.25 2.5 10 0.78561 0.0021 -6.30%
rb1d10 301.13 2.5 10 0.8108 0.00197 -3.29%
rbp5d10 150.56 2.5 10 0.82759 0.00223 -1.29%
rbp2d10 60.23 2.5 10 0.83244 0.00155 -0.71%
rbpld10 30.11 2.5 10 0.83162 0.00192 -0.81%
rb10g08 3011.26 0.1 8 0.73186 0.00161 -26.62%
rb5g08 1505.63 0.1 8 0.83428 0.00194 -16.35%
rb2g08 602.25 0.1 8 0.92258 0.002 -7.50%
rb1g08 301.13 0.1 8 0.95765 0.00195 -3.98%
rbp5g08 150.56 0.1 8 0.97771 0.00194 -1.97%
rbp2g08 60.23 0.1 8 0.98872 0.00216 -0.87%
rbplg08 - 30.11 0.1 8 0.99346 0.00189 -0.39%
rb10g10 3011.26 0.1 10 0.73003 0.00174 -23.32%
rb5g10 1505.63 0.1 10 0.81556 0.00187 -14.33%
rb2g10 602.25 0.1 10 0.88809 0.0016 -6.71%
tblgl0 301.13 0.1 10 0.91914 0.00215 -3.45%
rbpSg1Q 150.56 0.1 10 0.93386 0.00179 -1.91%
tbp2g10 60.23 0.1 10 0.94266 0.00176 -0.98%
rhplel} antl 01 10 (94577 400218 N 660G |
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7.4 Analysis of Fully Degraded Basket Configurations with Intact Fuel Assemblies

The purpose of this section is to describe the MCNP cases needed to fully characterize the possible fully
degraded basket configurations. Both the uniformly distributed oxide and the settled oxide
configurations were evaluated. For the uniformly distributed scenarios, iron oxide concentrations of 30
vol%, 33 vol%, and 40 vol% were evaluated for the low, median, and high burnup coverage for the 1.13,
1.10, and 1.08 bins, and for the median and high burnup coverage for the 1.06 and 1.04 bins. For the
settled scenarios, 58 vol% iron oxide fully covering the bottom 3.5 rows of assemblies were evaluated
for the median and high burnup coverage for the 1.13 bin and the high burmup coverage for the 1.10 bin.
Time effects were evaluated for all configurations from covering the range of 8,000 to 250,000 years.

As with the partial basket model, the fully degraded 21 PWR absorber plate WP was modeled in MCNP
by explicitly modeling % of the package and then using two reflective planes to represent the entire
package. The composition and dimensions of the containment barriers are modeled explicitly using the
information in Sections 4.1.2 and 4.1.3. The details of the outer barrier’s skirt were not modeled in
detail, since the skirt would not effect the criticality results appreciably (less than the standard deviation
in the Monte Carlo method). The fuel assemblies are modeled as part of a lattice array, with the lattice
positioned such that it represents a basket structure which has uniformly collapsed towards the bottom
of the WP. The assemblies were not modeled as resting on the bottom of the WP because some oxide
from corrosion of the side guides may be there to support them, and the approximate cylindrical
geometry is more reactive than that which would occur if all assemblies were touching the bottom. Each
fuel assembly is treated as a heterogeneous system with the fuel rods, control rod guide tubes, and
instrument guide tubes modeled explicitly using the information contained in Section 4.1.1. Fuel rods
are modeled with water in the gap region, and guide and instrument tubes are also filled with water only
(no oxide). Figure 7.4-1 shows the geometry of the MCNP model for the fully degraded uniform cases,
while Figure 7.4-2 shows the geometry of the MCNP model for the fully degraded settled case with the
bottom 3.5 assemblies covered. Table 7.4-1 provides the naming convention for the MCNP input and
output files (see Section 9 for file information). Sample MCNP input files are provided in Attachment
IX for the uniform case and Attachment X for the settled case.

The results of the various cases are provided in the tables presented below. Tables 7.4-2 to 7.4-4 present
the results for the 30 vol%, 33 vol%, and 40 vol% uniformly distributed oxide cases. Table 7.4-5
presents the results for the 58 vol% settled cases. The results for these configurations indicate that the
58 vol% settled oxide configuration is the bounding case for the fully degraded WP. In all of the
configurations, the peak k.. generally occurs between 10,000 and 35,000 years.

To evaluate the effects of 0.67% boron adsorption onto the iron oxide, water/oxide mixture number
densities with adsorbed '°B were calculated in the NUMDEN sheet of the Excel 7.0 spreadsheet,
BURNRICH.XLW (see Section 9.0 and Attachment IIT). Both 33 vol% uniform and 58 vol% settled
configurations were evaluated for time of peak k., for the 1.13 cases. Case names are consistent with
those given in Table 7.4-1 except that the 1st character is replaced with a “B”. Table 7.4-6 presents the
k. and %Ak results for 0.67% '°B adsorption onto the iron oxide. The results indicate that boron
adsorption provides less than a 1.4% reduction in k. for the uniform cases, and a 0.2% reduction for the
settled cases. Therefore, this boron retention mechanism cannot be counted on for significant criticality

control.
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Table 7.4-7 presents the k,; and %Ak results for various concentrations of dissolved '°B in the entire
water volume for the 58 vol% settled oxide 1.13 bin cases at the time of peak k. Based on the few cases
run, it appears that there is a slight trend towards decreasing boron worth with increasing burnup. This
is likely the result of the fact that higher burned fuels have higher 2**Pu concentrations, and thus a harder
spectrum (more epithermal fission) which makes the boron less effective.

Table 7.4-8 presents the results of varying the assembly horizontal/vertical spacing from the base case
of 0 cm for the 33 vol% uniform 1.13-h case at the time of peak k., (the settled case was not examined
as most of the assemblies are covered by oxide and do not contribute significantly to k). Assembly
spacing is adjusted by modifying surfaces 60 to 63 in the base “u33h13g” input. The results indicate that
k¢ peaks at a value approximately 0.5% higher than the base case at a separation of 0.8 cm.

Table 7.4-9 indicates the effect on peak k, for the 1.13-h and 1.13-m fuels of a transition from 33 vol%
uniformly distributed oxide to 58 vol% settled oxide. The divider for the upper and lower region of the
model is the same as that for the top of the oxide/water mixture in the 58 vol% settled cases.

Depending on the amount of pitting on the upper surface, the WP may not be entirely flooded. Table
7.4-10 presents the case names and kg resuits for the 1.13-m and 1.13-h fuels in the 33 vol% uniform
and 58 vol% settled oxide configurations at the time of peak k., for various water levels. The WP void
space above the water line is filled with air. The results indicate that for the settled configuration,
dropping the water level below the third fuel rod row in the fourth assembly from the bottom reduces
ke below 0.91 for the 1.13-h case. While the water level must drop farther in the uniform configuration
to achieve the same result, this is partially an artifact of maintaining 33 vol% oxide as the water level
is reduced. These cases demonstrate that a fully degraded absorber plate WP which contains only a
hydrated oxide will not be a criticality concern.

Table 7.4-11 presents k., results for varying the amount of oxide for the 58 vol% settled cases from the
base case of 3.5 rows covered. The case naming convention is consistent with that shown in Table 7.4-1
except that the *“58” is replaced by the number of rows covered (“3” = 3 rows, “4” = 4 rows, and “45"
= 4.5 rows). This exercise demonstrates that adding additional steel to the WP initially (so that more
oxide is available once it degrades) is an effective means of controling degraded WP criticality under
worst cases conditions. This subject is further investigated in Section 7.7.

Table 7.4-12 presents k., results for the two PWR absorber rod WP burnup/enrichment pairs (cr-1 and
cr-2) in the 58 vol% settled oxide and 33 vol% uniform oxide configurations. For the cases with DCRAs,
the naming convention is given in Table 7.4-1. The same naming convention, with the Sth character
(*r”) removed, is used for the cases without DCRAs. The DCRAs were modeled using the dimmensions
discussed in assumption 4.3.15, the B,C material composition provided in Table 4.1-4, and the same
oxide amounts as for the absorber plate WP (see assumption 4.3.17). Results are presented with and
without the 16 rod DCRAs, indicating that the DCRAs provide an =24-25% reduction in k. for these
fuel compositions in the settled configuration, and =26-27% reduction for the uniform configuration.
Finally, Table 7.4-13 provides an evaluation of assembly spacing effects for the cr-1 burnup/enrichment
pair of the absorber rod WP,
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Figure 7.4-1. MCNP fully degraded basket model with uniform!v distributed oxide. Assembly detail shown at left.
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Figure 7.4-2. MCNP fully degraded basket model with 58 vol% settled oxide covenng the bottom 3.5 assemblies. Assembly detail
is shown at left. -
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Table 7.4-1. Naming Convention for Fully Degraded WP MCNP Cases

Characters 1to 3 Characters 4 to 6 Character 7
Oxide Vol% and Distribution k. Bin Decay Time
u30 = 30% uniform hi3=1.13-h - a = 8,000 years
u33 = 33% uniform h10=1.10-h b = 10,000 years
u40 = 40% uniform h08 = 1.08-h ¢ = 12,000 years
r58 = 58% settled h06 = 1.06-h d = 14,000 years
' h04 = 1.04-h e = 18,000 years
mi13=113-m f = 25,000 years
ml0=1.10-m g = 35,000 years
m08 = 1.08-m h = 45,000 years
mo06 = 1.06-m i = 100,000 years
m04 = 1.04-m j =250,000 years
113 =1.13-1
110 =1.10-1
108 = 1.08-1
crl =cr-1 w/ DCRAs
cr2 =cr-2 w/ DCRAs

Table 7.4-2. Time Effects on Fully Dggradcd Basket kgLfor 30 Vol% Uniform Oxide Cases

Decay Koo 20 Kex 20 Ko 20 Kew 20 Kenr 20
J;:;:) 1.13-h 1.10-h 1.08-h 1.06-h 1.04-h
_ 8000 0.97649 | 0.00344 | 0.94348 0.004 0.91705 | 0.00424 | 0.90146 | 0.00384 | 0.87311 | 0.00366
10000 0.9812 | 0.00368 | 0.94599 | 0.00406 | 0.92438 | 0.00414 | 0.90362 | 0.00476 | 0.88218 ]| 0.00282
12000 | 0.98597 | 0.00382 | 0.95051 | 0.00284 | 0.92673 | 0.00484 | 0.9089 | 0.00336 | 0.87678 | 0.00374
14000 | 0.98853 | 0.00382 | 0.95119 | 0.00438 | 0.92421 | 0.00342 | 0.91319 | 0.00378 | 0.88121 | 0.0043
18000 | 0.99628 | 0.0045 | 0.95391 | 0.0039 | 0.92716 | 0.00426 | 0.91344 | 0.00348 | 0.88434 | 0.00452
25000 | 0.99309 | 0.00388 | 0.9577 | 0.00434 | 0.93164 | 0.00412 | 0.91498 | 0.00346 | 0.88538 | 0.0048
35000 | 0.99045 | 0.0045 | 0.95418 | 0.0033 | 0.93013 | 0.0036 | 0.91195 | 0.0032 | 0.87915 | 0.00382
45000 | 0.98956 | 0.0042 | 0.94813 | 0.00338 | 0.9246 { 0.00374 | 0.91099 | 0.00476 | 0.87934 | 0.00344
100000 | 0.97423 { 0.00336 | 0.93377 | 0.0029 | 0.90642 | 0.00354 | 0.88838 | 0.00358 | 0.85783 | 0.00254
250000 | 0.97543 | 0.0036 | 0.92984 | 0.00426 | 0.90591 { 0.00364 | 0.85038 | 0.00504 | 0.85309 | 0.00356
1.13-m 1.10-m 1.08-m 1.06-m - [.04-m
8000 0.95898 | 0.00456 | 0.90754 | 0.00348 0.892 0.00362 | 0.87593 | 0.00294 [ 0.86336 | 0.0037
10000 | 0.96422 | 0.00446 | 0.90799 | 0.00376 | 0.89623 | 0.00288 | 0.87956 | 0.00416 | 0.86298 | 0.00368
12000 | 0.96456 | 0.00516 | 0.91526 | 0.00406 | 0.89752 | 0.00422 | 0.88326 | 0.00398 | 0.86604 | 0.00374
14000 1 0.96924 | 0.00456 | 0.91551 | 0.00322 | 0.8986 [ 0.00358 | 0.88373 | 0.00324 | 0.86843 | 0.00422
18000 | 0.96912 } 0.0046 | 0.92031 | 0.00408 | 0.90054 | 0.0035 | 0.88563 | 0.0046 | 0.87093 | 0.00354
25000 | 0.97104 | 0.00426 | 0.91637 | 0.00402 | 0.89994 { 0.0041 | 0.88377 | 0.00364 | 0.87056 | 0.00478
35000 | 0.97095 | 0.00362 | 0.90887 | 0.00324 | 0.8997 | 0.00298 ] 0.88162 | 0.00324 | 0.86657 | 0.00286
45000 | 0.96454 | 0.00336 | 0.90764 | 0.00334 | 0.88799 | 0.00308 | 0.87734 | 0.00356 | 0.85713 [ 0.00326
100000 | 0.95005 | 0.0044 | 0.87986 | 0.0038 | 0.86469 | 0.00262 | 0.85122 { 0.00318 | 0.83593 | 0.00374
250000 | 0.94472 | 0.00372 | 0.88202 { 0.00372 | 0.86521 | 0.00358 | 0.84934 | 0.00308 { 0.83134 | 0.00336
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Table 7.4-3. Time Effects on Fully Degraded Basket k.4 for 33 Vol% Uniform Oxide Cases
Decay Kes 20 K.n 20 Ken 20 Ko 20 Kea 20
Time
(years) 1.13-h 1.10-h 1.08-h 1.06-h 1.04-h

8000 ] 0.95940 | 0.00500 | 0.92205 | 0.00438 ] 0.90540 | 0.00410 | 0.88663 | 0.00506 | 0.86148 | 0.00464
10000 0.96453 | 0.00408 | 0.93103 | 0.00292 | 0.90654 | 0.00374 | 0.88994 | 0.00426 | 0.86602 | 0.00360
12000 | 0.97014 | 0.00450 | 0.92939 | 0.00408 | 0.90622 | 0.00354 | 0.89175 | 0.00364 | 0.86557 | 0.00484
14000 | 0.97488 | 0.00410 | 0.93531 { 0.00428 | 0.91129 | 0.00430 | 0.89568 | 0.00344 | 0.87014 | 0.00300
18000 ] 0.97481 | 0.00432 | 0.93963 | 0.00316 | 0.91234 | 0.00376 | 0.89627 | 0.00330 | 0.87149 | 0.00400
25000 |0.97950 | 0.00370 ] 0.94063 | 0.00478 | 0.91696 | 0.00436 | 0.90117 | 0.00294 | 0.87084 | 0.00312
35000 | 0.98127 | 0.00352 | 0.94241 | 0.00420 | 0.91691 | 0.00342 | 0.89850 | 0.00374 | 0.86825 { 0.00398
45000 | 0.97584 | 0.00424 | 0.93443 | 0.00430 | 0.90820 | 0.00410 | 0.89563 | 0.00364 | 0.86467 | 0.00418
100000 | 0.96078 | 0.00330 | 0.91790 | 0.00402 { 0.88838 | 0.00422 | 0.87539 | 0.00334 | 0.83790 | 0.00346
250000 | 0.95599 | 0.00324 | 0.91676 | 0.00280 | 0.88839 | 0.00388 | 0.87209 | 0.00402 | 0.83832 | 0.00256
1.13-m 1.10-m 1.08-m 1.06-m 1.04-m
8000 | 0.94780 | 0.00322 | 0.89034 | 0.00268 | 0.87986 | 0.00406 | 0.86300 | 0.00294 | 0.84661 | 0.00418
10000 | 0.94559 | 0.00426 | 0.89416 | 0.00362 | 0.87991 | 0.00392 | 0.86289 | 0.00314 | 0.84513 | 0.00338
12000 | 0.94992 | 0.00406 | 0.89767 | 0.00432 | 0.88083 | 0.00386 | 0.86876 | 0.00334 | 0.85123 | 0.00312
14000 | 0.95091 | 0.00348 | 0.90085 | 0.00280 | 0.88070 | 0.00428 | 0.86942 1 0.00390 | 0.84967 | 0.00336
18000 | 0.95230 | 0.00446 | 0.90109 | 0.00360 | 0.88625 | 0.00372 { 0.87165 | 0.00390 | 0.85503 | 0.00374
25000 | 0.95880 | 0.00304 | 0.89804 { 0.00450 | 0.88413 | 0.00372 | 0.86785 | 0.00420 | 0.85525 { 0.00366
35000 | 0.95597 | 0.00408 | 0.89851 | 0.00322 | 0.88147 | 0.00282 | 0.86730 | 0.00426 | 0.85211 | 0.00390
45000 | 0.95108 | 0.00400 | 0.88650 | 0.00344 | 0.87449 | 0.00380 | 0.85935 | 0.00394 | 0.84109 | 0.00424
100000 | 0.93344 ] 0.00308 | 0.86718 | 0.00404 | 0.85119 | 0.00312
250000 ] 0.93282 | 0.00338 | 0.86507 | 0.00314 | 0.85089 | 0.00286
1.13-1 ' 1.10-1 1.08-1
8000 { 0.87885 | 0.00336 | 0.74746 | 0.00258 | 0.81133 | 0.00314
10000 | 0.87710 | 0.00334 | 0.74609 | 0.00320 | 0.81620 | 0.00354
12000 | 0.88228 | 0.00300 | 0.74567 | 0.00346 | 0.81349 | 0.00332
14000 ] 0.87892 | 0.00360 | 0.74414 | 0.00218 | 0.81734 | 0.00252
18000 | 0.87972 | 0.00278 | 0.73717 | 0.00300 | 0.81385 | 0.00346
25000 | 0.87467 | 0.00304 | 0.72932 | 6.00250 | 0.80625 | 0.00366
35000 ] 0.86732 ] 0.00428 | 0.72132 | 0.00244 | 0.79736 | 0.00380
45000 | 0.86190 | 0.00286 | 0.71341 | 0.00302 | 0.78899 | 0.00294
100000 | 0.84241 | 0.00320 | 0.69060 | 0.00362 | 0.76311 | 0.00264
250000 | 0.83725 | 0.00350 [ 0.69082 | 0.00318 | 0.7525! | 0.00294
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Table 7.4-4. Time Effects on Fully Degraded Basket k., for 40 Vol%
Uniform Oxide Cases

Decay Kerr 20 Ken 20 ke 20
(;:‘rz) 1.13-h 1.10-h 1.08-h
8000 0.92783 | 0.00448 | 0.88871 | 0.00364 0.8664 0.00468
10000 0.93185 0.0038 0.89419 | 0.00454 | 0.87037 | 0.00426
12000 093349 | 0.00336 | 0.89367 | 0.00346 | 0.87496 | 0.00346
14000 093259 | 0.00358 | 0.89659 | 0.00474 | 0.87854 0.004
18000 0.93961 | 0.00388 | 0.90302 | 0.00468 | 0.87989 | 0.00296
25000 0.93715 | 0.00362 | 0.90235 | 0.00342 | 0.87993 | 0.00352
35000 0.9367 0.0042 0.90071 | 0.00346 0.8788 0.00398
45000 0.93671 | 0.00324 0.8961 0.004 0.86997 | 0.00392
100000 | 0.92029 | 0.00506 | 0.87527 | 0.00318 | 0.85109 | 0.00336
250000 | 092224 | 0.00332 | 0.87731 | 0.00352 | 0.85134 | 0.00346
1.13-m 1.10-m 1.08-m
8000 090653 | 000362 | 0.85663 | 0.00392 | 0.84288 [ 0.00458
10000 0.91058 | 0.00204 | 0.86119 | 0.00326 | 0.84604 | 0.00376
12000 0.91151 | 000376 | 0.85939 | 0.00352 | 0.84369 [ 0.00358
14000 0.92032 | 0.00388 0.8623 0.00418 0.8469 0.00378
18000 0.91843 | 0.00526 | 0.86296 (| 0.00276 | 0.85074 | 0.00334
25000 0.91832 | 0.00298 0.8662 0.00268 | 0.85118 | 0.00322
35000 0.92004 | 0.00352 | 0.85573 0.0034 0.84426 0.0031
45000 091052 | 0.00334 | 0.85188 | 0.00276 | 0.83479 | 0.00266
100000 | 0.89471 0.0038 0.82996 | 0.00396 | 0.81102 | 0.00296
250000 | 0.89517 | 0.00364 | 0.82722 | 0.00482 | 0.81109 0.0025
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Table 7.4-5. Time Effects on Fully Degraded Basket k.4 for 58 Vol% Settled Oxide Cases
Decay ke 20 Ken 20 Kew 20 K 20 Ko 2a
Time
(years) 1.13-h 1.10-h 1.08-h 1.06-h 1.04-h

8000 | 0.99890 | 0.00512 | 0.96647 | 0.00428 | 0.94470 | 0.00454 | 0.92525 | 0.00454 | 0.90404 | 0.00470
10000 | 1.00524 | 0.00354 | 0.97254 ] 0.00560 | 0.94585 | 0.00428 | 0.93297 }0.00262 | 0.89979 | 0.00444
12000 | 1.00927 | 0.00466 | 0.97332 | 0.00524 | 0.95118 | 0.00492 | 0.93368 | 0.00446 | 0.90453 | 0.00546
14000 | 1.00530 | 0.00374 { 0.97561 | 0.00404 | 0.94619 | 0.00426 | 0.93212 | 0.00496 | 0.90438 | 0.00418
18000 | 1.01008 | 0.00530 | 0.97438 | 0.00514 | 0.95400 | 0.00364 | 0.94116 | 0.00556 | 0.91260 ]| 0.00416
25000 | 1.01860 | 0.00486 | 0.98364 | 0.00614 | 0.95235 | 0.00476 | 0.94242 | 0.00362 | 0.91110 | 0.00352
35000 | 1.01296 | 0.00456 | 0.97519 | 0.00380 | 0.95284 | 0.00346 | 0.93958 | 0.00396 | 0.91557 | 0.00412
45000 | 1.01523 | 0.00356 | 0.97643 | 0.00520 | 0.94864 | 0.00382 | 0.93424 | 0.00466 | 0.90401 | 0.00478
100000 | 1.00509 § 0.00458 | 0.96388 | 0.00462 | 0.93881 | 0.00402 | 0.92127 | 0.00364 | 0.88384 | 0.00442
250000 | 1.00346 | 0.00408 { 0.96210 | 0.00422 { 0.93716 | 0.00346 | 0.91772 | 0.00376 { 0.88439 | 0.00352
1.13-m 1.10-m 1.08-m ' 1.06-m 1.04-m

8000 | 0.98997 | 0.00508 | 0.93342 | 0.00362 | 0.92100 | 0.00424 | 0.90939 | 0.00438 | 0.88925 | 0.00348
10000 | 0.99060 | 0.00432 | 0.93822 | 0.00418 | 0.92502 | 0.00404 | 0.90522 | 0.00380 | 0.89300 | 0.00350
12000 |0.99317 | 0.00494 | 0.94558 | 0.00462 | 0.92541 | 0.00336 | 0.91134 | 0.00512 | 0.89259 { 0.00380
14000 | 0.99534 | 0.00480 | 0.94274 | 0.00436 | 0.92840 | 0.00448 | 0.91036 | 0.00414 | 0.89298 | 0.00460
18000 | 0.99274 | 0.00426 | 0.94613 | 0.00354 | 0.92769 | 0.00474 | 0.91451 | 0.00396 | 0.89437 | 0.00494
25000 | 0.99664 | 0.00492 | 0.94893 | 0.00430 { 0.93136 | 0.00380 | 0.91233 | 0.00384 | 0.89682 | 0.00358
35000 | 0.99766 | 0.00502 | 0.94035 | 0.00388 | 0.92812 | 0.00354 | 0.91454 | 0.00436 | 0.89426 | 0.00366
45000 | 0.99509 { 0.00432 | 0.93628 | 0.00352 | 0.92035 | 0.00444 | 0.90562 ]| 0.00486 | 0.88630 | 0.00356
100000 | 0.97914 | 0.00320 | 0.91779 | 0.00308 | 0.90279 | 0.00468 { 0.88905 | 0.00398 | 0.86848 | 0.00296
250000 | 0.97992 | 0.00488 | 0.91855 | 0.00410 | 0.89947 | 0.00370 | 0.88820 | 0.00416 | 0.86543 | 0.00362
1.13-] 1.10-1 1.08-1

8000 | 0.93247 | 0.00424 | 0.80818 | 0.00368 | 0.86661 | 0.00366
10000 | 0.92797 | 0.00428 | 0.80556 | 0.00434 | 0.86932 | 0.00434
12000 {0.93130 | 0.00370 | 0.80331 | 0.00306 | 0.86715 | 0.00330
14000 | 0.93426 | 0.00506 | 0.80484 | 0.00302 | 0.86922 | 0.00360
18000 | 0.93316 | 0.00440 { 0.80229 | 0.00330 | 0.86592 | 0.00304
25000 }0.92631 | 0.00390 ] 0.79302 | 0.00324 | 0.86234 | 0.00468
35000 | 0.92286 | 0.00358 | 0.78369 | 0.00344 | 0.85044 | 0.00368
45000 | 0.91687 | 0.00400 | 0.77854 | 0.00454 | 0.84783 | 0.00368
100000 | 0.90259 | 0.00386 | 0.75962 | 0.00372 | 0.82496 | 0.00346
250000 | 0.89677 | 0.00394 | 0.75451 | 0.00250 | 0.81900 | 0.00340
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Table 7.4-6. Effects of Peak Boron Adsorption on Iron Oxide

Decay 33 vol% Uniform 58 vol% Settled
Bin Time
(years) ke o Ak (%) e o Ak (%)

1.13-h 25000 | 0.96586 | 0.00175 | -1.39% | 1.01598 | 0.00218 | -0.26%
1.13-m | 35000 | 0.94447 | 0.00134 | -1.20% | 0.99602 | 0.00188 | -0.16%
1.13-1 14000 | 0.8695 | 0.00167 | -1.07% | 0.93223 | 0.00122 | -0.22%

Table 7.4-7. Effects of Dissolved '°B on Fully Degraded Basket w/ 58vol% Settled Oxide k.y
lGrams g 1.13-h 1.13-m 1.13-1
in Solution | o Ak (%) kg o Ak (%) Ky o Ak (%)
30112.56 | 0.37292 | 0.00098 | -63.39% | 0.33736 | 0.00145 | -66.18% | 0.27577 | 0.00087 | -70.48%
3011.26 | 0.71735 | 0.00135 | -29.57% | 0.67794 | 0.00178 | -32.05% [ 0.58924 | 0.00138 | -36.93%
1505.63 1081535 | 0.00203 | -19.95% | 0.77506 | 0.00178 | -22.31% | 0.69036 | 0.00165 | -26.11%
602.25 | 0.91192 | 0.00204 | -10.47% | 0.88096 | 0.00181 | -11.70% | 0.79749 | 0.00141 | -14.64%
301.13 0.95768 ! 0.00150 | -5.98% | 0.93122 | 0.00230 | -6.66% ]| 0.85199 | 0.00139 | -B.81%
150.56 | 0.99188 { 0.00250 { -2.62% | 0.97043 ( 0.00227 | -2.73% | 0.89177 | 0.00258 | -4.55%
60.23 1.00380 | 0.00197 | -1.45% | 0.98357 | 0.00164 | -1.41% | 0.91522 | 0.00172 | -2.04%
30.11 1.00986 | 0.00186 | -0.86% | 0.99076 | 0.00200 | -0.69% | 0.92085 | 0.00215 | -1.44%
0.00 1.01860 | 0.00243 | 0.00% | 0.99766 | 0.00251 | 0.00% | 0.93426 | 0.00253 | 0.00%

Table 7.4-8. Effects on Peak L(!g of V;a_rlmg the Fuel Asscmbl; Sgacmg for the 33 Vol% Uniform Cases

MCNP Case Name Spacing Between Fuel o
Assemblies, cm
u33hi3g none 0.98127 .00176.
u3h3gds 0.5 0.98536 00186
u3h3gll 1.0 0.98658 00204
u3h3gl5s 1.5 0.97909 .00190
u3h3g22 2.0 0.9756! .00237
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Table 7.4-9. Peak k,; Results for Transition from 33 Vol% Uniform Oxide to 58 Vol% Settled Oxide
Vol % Oxide 1.13-h L.13-m
- Upper Lower Ken o case ID ke o MCNP Case
Region Region Name
33 33 0.96595 0.00211 r33hi3g.0 0.95068 0.00196 r33ml3f.o
28.7 36 0.96112 0.00194 r36h13g.0 0.93612 0.00217 r36ml3f.0
26.1 38 0.95473 0.00206 r38hl3g.0 0.93365 0.00158 r38ml3f.o
222 41 0.95233 0.00181 r4ihl13g.0 0.93399 0.00206 r4iml3f.0
19.6 43 0.95343 0.00195 r43hi3g.0 0.93266 0.00147 r43ml3f.o
157 46 0.95797 0.00194 r46hi3g.o 0.93746 0.00157 rdéml3f.o
13 48 0.96813 0.00156 r48hl13g.0 0.94736 0.00211 r48mli3f.o
9.1 51 097723 0.0018% r5ih13g.0 0.95829 0.00174 r5iml3fo
6.5 53 0.98407 0.00219 r33h13g.0 0.96797 0.00199 r53mi3f.o
2.6 56 1.00614 0.00249 156h13g.0 0.98371 0.00267 r56éml3f.o
0 58 1.01870 0.00243 r58hl13g.0 0.99359 0.00193 r58ml3f.o

Table 7.4-10. Effects of Internal Water Level on Peak Fully Degraded WPk, -

MCNP |Water Height| Rows of MCNP |Water Height] Rows of
Case Relative to Assys. Keir o Case Relative to Assys. Ken a
Name |TopofUpper] Bejow Name [TopofUpper | pelow
Assy. (€M) |Wwater Line Assy. (€M) [water Line

33 Vol% Uniform Oxide - 1.13-h - 25,000 years 58 Vol% Sertled Oxide - 1.13-h - 35,000 years
ud3hi3al 21.30 5 0.98127 {0.00176 | r58hi3al 21.30 5 1.01623 {0.00268
u33hi3a2 0 S 0.97677 {0.00152 | r58h13a2 0 5 1.00593 ] 0.00205
u33hi3a3 -20.30 4 0.96635 {0.00168 | rS8hl3aw | -17.31 4.2 0.91346 1 0.00175
u33hl3ad -40.60 3 0.94071 |0.00150 | r58h13bwt -18.76 4.133  ]10.90712}0.00170
u33hl3aw -53.58 24 .-]0.91003]0.00178 { r58h13a3 -20.30 4 0.87914 | 0.00199
u33hi3as -60.90 2 0.88949 ] 0.00179 - - ~ - -

33 Vol% Uniform Oxide - 1.13-m - 35,000 years 58 Vol% Settled Oxide - 1.13-m - 25,000 years
u33ml3al 21.30 5 0.95880{0.00152 | r58m13al 21.30 5 0.99656 | 0.00201
u33ml3la2 0 5 0.95913 | 0.00252 | r58mi3a2 0 5 0.98569 | 0.00186
u33mi3a3| -20.30 4 0.94149 [ 0.00184 | r58mi3aw] -12.98 4.4 0.92672 | 0.00185
u33mli3ad | -40.60 3 0.92591 10.00142 }r58m13bw] -14.43 4.333 ]10.91801{0.00180
W33mlilaw| -46.37 2.733 ] 0.9084010.00175 | rS8mi3cw] -15.87 4.267 10.910900.00129

-60,90 2 0.86734 |  158m1i3a3 [ -20.30 4 085541 1000178
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Table 7.4-11. Effects of Oxide Level on 25,000 year Fully Degraded 58 vol% Settled WP K

Assembly ke | 20 _ kg 20 ke | 2
Rows Covered 1.13-h 1.10-h ~ 1.08-h
3 1.06922 0.00404 1.03066 0.00364 1.00786 0.0037
4 0.95485 0.00684 0.91484 0.00648 0.8927 0.00416
4.5 0.86004 0.00352 0.82257 0.00322 0.80013 0.00342
1.13-m 1.10-m 1.08-m
3 1.04552 0.00406 0.9964 1 0.00492 0.97969 0.00332
4 0.93053 0.00468 0.87782 0.00628 0.86528 0.00516
4.5 0.84022 0.00356 0.78306 0.0028 0.76956 0.00288
1.13-1 1.10-1 1.08-1
3 0.97952 0.0033 0.84257 0.00244 0.91064 0.00318
4 0.86032 0.00542 0.7326 0.00414 0.7985 0.00368
4.5 0.75953 0.00368 0.62504 0.00266 0.70032 0.00276
1.06-h 1.04-h : cr-1
3 0.98761 0.00332 0.95911 0.00412 1.27278 0.00244
4 0.87786 | 0.00418 | 0.85456 | 0.00502 | 1.14182 0.0063
4.5 0.78917 0.00436 0.76458 0.00266 1.05067 0.00334
1.06-m 1.04-m cr-2
3 0.96403 0.00352 0.94751 0.00308 1.2157 0.0043
4 0.85124 | 0.00504 | 0.83424 | 0.00558 1.08923 | 0.00474
45 0 75963 po031t2 | 07458 00032 100032 000446
Table 7.4-12. Results for Absorber Rod WP Fuels with and without 16 Rod DCRAs
Burnup/ | Decay 58 Vol% Settled 33 Vol% Uniform
Enrich. | Time without DCRAs with 16 rod DCRAs w/o DCRAs with 16 rod DCRAs
Pair | (years) Ky 20 K 20 kg 20 kg 2
8000 1.21268 | 0.00392 | 0.91382 | 0.00584 1.18462 | 0.00406 | 0.86380 ! 0.00418
10000 | 1.21325 | 0.00450 | 0.91715 | 0.00474 1.18060 | 0.00376 | 0.86603 | 0.00466
12000 1.21087 | 0.00480 | 0.90751 0.00508 1.18225 | 0.00472 | 0.86382 0.00284
14000 1.21129 | 0.00440 | 0.91157 | 0.00494 1.18280 | 0.00474 | 0.86408 | 0.00456
cr-l 18000 | 1.21070 | 0.00444 | 0.91066 | 0.00478 | 1.18425 | 0.00288 | 0.86595 | 0.00424
25000 | -1.21464 | 0.00410 | 0.91253 | 0.00418 | 1.18004 | 0.00446 | 0.86228 | 0.00494
35000 | 1.20968 | 0.00496 | 0.90923 | 0.00380 | 1.17711 | 0.00458 | 0.86076 | 0.00484
45000 | 1.21114 | 0.00400 | 0.91625 | 0.00544 | 1.18136 | 0.00440 | 0.86317 | 0.00568
100000 { 1.21247 | 0.00476 | 0.91233 | 0.00462 1.18206 | 0.00394 | 0.85475 | 0.00326
8000 1.15478 | 0.00452 | 0.86963 | 0.00488 | 1.1182! | 0.00320 | 0.82703 | 0.00434
10000 1.15596 | 0.00422 | 0.87521 0.00458 1.12163 | 0.00422 | 0.82424 | 0.00510
12000 1.15617 | 0.00368 | 0.86991 0.00600 1.12595 | 0.00394 | 0.82318 | 0.00372
14000 | 1.16037 | 0.00322 | 0.87219 | 0.00390 | 1.12962 | 0.00412 | 0.82478 | 0.00426
) 18000 | 1.15607 | 0.00556 | 0.87638 | 0.00508 | 1.12789 | 0.00468 | 0.82469 | 0.00454
25000 | 1.16360 | 0.00430 | 0.87859 | 0.00470 | 1.12942 | 0.00484 | 0.83002 | 0.00432
35000 | 1.16062 | 0.00410 | 0.87166 | 0.00486 | 1.12899 | 0.00600 | 0.82314 | 0.00422
45000 | 1.16026 | 0.00506 | 0.86992 | 0.00450 | 1.13141 | 0.00602 | 0.82534 | 0.00330
100000 | 1,15605 | 0.00308 | 0.86913 | 0.00464 1.12186 | 0.00392 | 0.81415 | 0.00394
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Table 7.4-13 Effects on Peak k‘g of Varying the Fuel Assemblz Sgacing for the cr-1 33 Vol% Uniform Cases
MCNP Case Name Spacing Between Fuel Ken g
Assemblies (cm)
c33crlb none ‘ 86603 0.00233
¢3c1b0S 0.5 .88807 0.00204
c3clbl0 1.0 90609 ' 0.00227
c3clbls 15 91630 ' 0.00226
¢3c1b20 2.0 91928 0.00254
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7.5  Analysis of Fully Degraded Basket Configurations with Degraded Fuel Assemblies

The purpose of this section is to describe the MCNP cases needed to characterize the possible fully
degraded basket configurations with degraded fue] assemblies. Only the 33 vol% uniform case has been
evaluated, as consolidation of the fuel rods in the 58 vol% settled case would cause the rods in the top
1.5 assembly rows that are currently in clear water to settle below the oxide layer. Thus, evaluation at
33 vol% uniform is bounding for the settled oxide scenario as well. As this evaluation of sensitivity to
consolidation is performed primarily to demonstrate that collapsed assemblies are less reactive than
intact assemblies, only the 1.13-h fuel (bounding for the absorber plate WP) will be evaluated at a decay
time of 25,000 years. The MCNP model “u30h13f" was used as a base case, with surfaces 26 to 29
modified to reduce rod pitch, and surfaces 60 to 63 modified to change assembly spacing (assembly
spacing in vertical direction was always 0 cm). A 27% reduction in rod clearance corresponds to a 0 cm
clearance between guide tubes and adjacent fuel rods. Fuel rod consolidation in only the vertical
direction and in both vertical and horizontal directions was evaluated. Variations in spacing of the
consolidated assemblies was also performed. The MCNP case names and results are provided in Table
7.5-1.

Table 7.5-1. Effects of Reduced Pitch for 1.13-h fuel at 25,000 years

MCNP % Original Fuel Rod Assembly
Case Clearance Horizontal | 20
Name Vertical | Horizontal Spacing
u30h13f 100% 100% Ocm 0.99309 | 0.00388
upv73a0 73% 100% Ocm 0.97300 | 0.00448
up73aC 73% 73% I.1cm’ 0.96998 | 0.00400
up73a0 73% 73% Ocm 0.95799 | 0.00338
upv0al 0% 100% 0cm 0.91239 | 0.00366
_uplaC 0% 0% 49cm’ 0.81261 | 0.00392
up0aS0 0% 0% 2.45cm 0.85417 | 0.00338
__upDa0 0% 0% Ocm 0.79258 0.00342

* - spacing maintains original assembly center-to-center spacing

A final case (“upile™) run with all of the fuel rods touching and completely settled into a cylinder
segment at the bottom of the WP (with a volume equal to that displaced by 21 PWR assemblies) yielded
a k. of 0.65588 £0.00394. Figure 7.5-1 shows the geometry for this fully degraded basket and fuel
assembly configuration. Based on these results, it is evident that any degradation of the assembly
structure, be it by corrosion of the grid spacers or dynamic loading, will result in reduced k,,, values.

As the above analyses indicated reduced reactivity with further consolidation, completely degraded fuel
with only pellet size and smaller particles of fuel distributed in the oxide was not explicitly evaluated.
Previous studies (Ref. 5.52, Appendix) of fuel rubble conducted as part of the Three Mile Island Unit
2 defueling examined the k,, of spherical UO, particles (evaluated at enrichments of 2.34% and 2.96%)
distributed in borated water, and found an optimum particle size of 3.5 cm in diameter and occupying
66% of the total volume. Since a fuel pellet is much smaller than this particle size, an increase in k4
above that shown for fully consolidated rods (pellets occupy =58 vol% of a pin cell) would not be

expected.
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Figure 7.5-1. MCNP fully degraded basket model with degrad ")el spacer grids, intact fuel rods, and uniform oxide distribution
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7.6  Development of Regressions Representing k. of Degraded Configurations

The purpose of this section is to develop regressions which relate the k., for a particular class of
configurations evaluated in Sections 7.3 and 7.4 (e.g., intact fuel with fully degraded basket and oxide
settled to bottom of WP) to various parameters for that class (e.g., time, burnup, enrichment, assemblies
covered by oxide, etc...). This will simplify application of the data in futdre probabilistic analyses.

Using the results from the MCNP cases for the partial basket configurations evaluated in 7.3, separate
multivariate nonlinear regressions were developed for the uniform and settled oxide configurations. The
uniform regression used the MCNP cases given in Tables 7.3-2, 7.3-3, 7.4-2, and 7.4-4 (uniform data
from Section 7.4 used for 0 mm B-SS thickness points), and the settled regression used the cases given
in Tables 7.3-4 and 7.3-5. Both regressions were performed in the PARTBASK RESULTS sheet of the
attached Excel 7.0 spreadsheet, BURNRICH.XLW (see Section 9.0 and Attachment II) using the Excel
regression tool. Various forms of the regression equation were tried, and the results for the equation
which provided the best fit to the data are provided in Table 7.6-1. The form of the regression equation
in both cases is as follows:

kg*20 = CorCbrCp?+Cia+C,a3+CLn(t)+ CLa(y+ CLn(ty+ GO+ C,T+C,oT?+C, T

where b is burnup in GWd/MTU, a is initial enrichment in wt%, t is decay time in years, T is thickness
of borated stainless steel remaining in mm, and O is either vol% oxide for the uniform oxide
configuration, or fuel rod rows covered for the settled cases. Note that for the uniform case, the vol%
of Fe,0, uniformly distributed throughout the WP void space may be quickly obtained by multiplying
the kg of Fe released by basket corrosion by a factor of 4.9998E-3. The regression is applicable for times
from 2,000 to 100,000 years, enrichments between 1.7% and 4.9%, burnups between 9 and 35
GWd/MTU, plate thicknesses from 0 to 10 mm, and oxide amounts of 0% to 40% for uniform
distribution, or 8 to 10 rows covered for oxide settled within an assembly. However, Table 7.6-3
presents the results of test cases which were run to show that this regression still provides reasonable
(and slightly conservative) results for even the most reactive high enrichment/low burnup fuels which
were not included in the original dataset from which it was developed. The adjusted R* is =0.99 for both
regressions, indicating a very good fit to the data. Further statistical data (such as residuals) can be
found in the spreadsheet file.

Using the results from the MCNP cases for the fully degraded basket configurations evaluated in Section
7.4, separate multivariate nonlinear regressions were developed for the uniform and settled oxide
configurations. The uniform regression used the MCNP cases given in Tables 7.3-2 t0 7.3-4, and the
settled regression used the cases given in Table 7.4-5. The regressions were performed in the
UNIFORM RESULTS and SETTLED RESULTS sheets of the Excel 7.0 spreadsheet,
BURNRICH.XLW (see Section 9.0 and Attachment III), using the Excel regression tool. Various forms
of the regression equation were tried, and the results for the equation which provided the best fit to the
data are provided in Table 7.6-2. The form of the regression equation in both cases is as follows:

ka+20 = C,+C Ln(1)+C,p+Coa+ C Ln(t) + CLn(®)* +C b+ Cib3+ Ca?+ Ca* + €\ Ln(0)b+C, La(Na+C .0
where b is burnup in GWd/MTU, a s initial enrichment in wt%, t is decay time, and O is vol% oxide

for the uniform oxide configuration and assembly rows covered for the settled cases. The regression is
applicable for times from 8,000 to 250,000 years, enrichments between 0.8% and 4.9%, burnups between
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3 and 48 GWd/MTU, and oxide amounts of 30% to 40% for uniform distribution and 3 to 4.5 assembly
rows covered for settled. The adjusted R? is =0.99 for both regressions, indicating a very good fit to the
data. Further statistical data (such as residuals) can be found in the spreadsheet file.

Table 7.6-1. Regression Results for
Partially Degraded Basket WP k +20

Regression Parameter Uniform Settled
Oxide Oxide
C, 2.35498 1.72095
C, -6.6737¢-03 -6.7237e-03
C, -1.8096e-05 -1.6667e-05
C, 1.4180e-01 1.3348e-01
C, -7.1354¢-03 -6.0497e-03
C, -5.1930e-01 -3.1232e-01
Cg 5.9471e-02 3.7442e-02
o -2.2406e-03 -1.4715e-03
o -5.0889¢-03 -1.6797¢-02
C, -7.4906e-02 -6.6316e-02
C 1.0646e-02 9.4036e-03
# -5.2334e-04 -4.6905e-04
Adjusted R Square 0.98970 0.98497
Standard Error 0.00831 0.00846
Observations 277 205
Table 7.6-2. Regression Results for Fully Degraded
____Basket WPk +20
Regression Parameter T 33% Uniform 58% Settled
Oxide Oxide
Gy -5.12955 -1.25161
C, 1.65615 6.83154e-01
C, -8.52852¢-03 -6.65133e-03
C; 2.92660¢-01 2.66145e-01 I
C, -1.5397le-01 -6.40282¢-02
Cs 4.67070e-03 1.92631e-03
Cs 6.89640e-05 -2.6704 le-05
C, -1.63227e-07 6.12197¢-07
C, -6.71372e-02 -6.18276e-02
Cy 5.36083e-03 5.20352e-03
[ Co -4,08151e-04 -1.36497¢-04
C, 7.23708e-03 5.08490e-03
C, -5.25978e-03 -1.40918e-01
Adjusted R Square 0.99254 0.99073
Standard Error 0.00463 0.00906
Observations 286 283
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Table 7.6-3. Test of Partial Basket Regression For Burnup/Enrichments Outside of the Initial Dataset

Settled Partial Basket
Time Burnup % Rows |B-SS thickness JRegression MCNP test cases %
(years) | GWd/MTU | Enrich. |Covered (mm) Kee+ 20 | case name kg o kg + 20 Differencd
10000 3 4.3 8 7 1.01400 | BOSCRI1D |1.00132 |0.00209 {1.00550 | 0.84%
14000 3 4.3 8 10 0.98703 | AOBCRIF [0.98456 | 0.00207 |0.98870 | -0.17%
14000 13 4.7 8 10 0.94873 | AOSCR2F |0.94081 | 0.00286 | 0.94653 | 0.23%
14000 3 4.3 0 10 1.12140 | AOOCRIF | 1.10723 10.00277 | 1.11277 | 0.78%
14000 13 47 0 10 1.08311 | AOOCR2F {1.06813 | 0.00300 | 1.07413 | 0.84%

Uniform Partial Basket
Time Burnup % Vol B-SS Regression MCNP test cases %
(years) | GWd/MTU | Enrich, % (mm) Ky+20 |casename| ky | © k., + 20 |Differencg
10000 3 43 30 7 0.98912 | B30CRID | 0.98139 | 0.00203 |0.98545 | 0.37%
14000 3 43 30 10 0.96517 | A30CRIF | 0.95675 | 0.00199 |0.96073 | 0.46%
14000 13 4.7 30 10 0.92657 | A30CR2F |0.91892 | 0.00285 10.92462 | 0.21%
14000 3 43 0 10 1.11784 | AOOCRIF | 1.10723 {0.00277 }1.11277 |} 0.46% °
| 14000 13 __4.7 0 10 | AOOCR2F | 1068131000300 11.07413 1 _048% |

The data from Table 7.3-6 was used to develop a multivariate regression for predicting the Ak /K¢
resulting from various amounts of boron remaining in solution for the partially degraded basket with
various amounts of iron oxide settled to the bottom of each assembly, and various plate thickness
remaining. The regression was performed in the BORON sheet of the Excel 7.0 spreadsheet,
BURNRICH.XLW (see Section 9.0 and Attachment IIT), using the Excel regression tool. Various forms
of the regression equation were tried, and the results for the equation which provided the best fit to the
data are provided in Table 7.6-4. The form of the regression equation is as follows:

Ak _Jk gz = Co+C,In(B)+C,In(B)*+C,In(B)’+C,T+C,0
where b is burnup in GWd/MTU, B is the total grams of "B in solution in the fully flooded WP, T is

thickness of borated stainless steel remaining in mm, and O is fuel rod rows covered. The regression
is applicable for 0.03 to 3 kg of '°B in the fully flooded WP (8.2 to 820 ppm '°B).

Table 7.6-4. Regression Parameters for Ak/k.y as a Function of Dissolved '°B
for the 58 vol% Settled Oxide Partially Degraded Basket Configuration

G 6.37971e-03
C, -6.07375e-02
G 2.08433e-02
G, -2.21564e-03
C. 3.59713e-04
C, 4.23685e-03
Adjusted R Square 0.99337
Standard Error 0.00676
Observations 48
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Finally, the data from Table 7.4-7 was used to develop a multivariate regression for predicting the Ak/k 4
resulting from various amounts of boron remaining in solution for the fully degraded basket with 58
vol% iron oxide settled to the bottom. The regression was performed in the BORON sheet of the Excel
7.0 spreadsheet, BURNRICH.XLW (see Section 9.0 and Attachment II), using the Excel regression tool.
Various forms of the regression equation were tried, and the results for the equation which provided the
best fit to the data are provided in Table 7.6-5. The form of the regression equation is as follows:

Ak kg = Co+C\In(B)+Cyln(B)*+Cyln(B)’

where b is burnup in GWd/MTU, and B is the total grams of 198 in solution in the fully flooded WP.
The regression is applicable for 0.03 to 3 kg of '°B in the fully flooded WP (8.2 to 820 ppm 1°B).

Table 7.6-5. Regression Parameters for Ak/k.q as a Function of Dissolved '°B for the
58 vol% Settled Oxide Fully Degraded Configuration

C, 2.32558e-02
C, -3.56383e-02
G 1.42821e-02
C; -1.91685e-03
Adjusted R Square 0.97302
Standard Error 0.01905
Observations 22
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7.7 Options for Reducing k., of Degraded Configurations

This section discusses design options for lowering fully degraded WP ks Section 7.7.1 discusses
adding additional carbon steel to the intact 21 PWR absorber plate WP basket so that sufficient iron
oxide is produced upon its degradation to maintain a k_ less than 0.91 for the most reactive fuel to be
loaded into it. Section 7.7.2 discusses altering the loading scheme for the current 21 PWR absorber plate
WP to prevent the peak k., for the worst fully degraded configuration from exceeding a given value.

7.7.1 Adding Additional Carbon Steel

The purpose of this section is to determine the amount of additional carbon steel that needs to be added
to the container to reduce the k., below 0.91 after degradation of the basket. A k. of 0.91 is used here
as the criticality safety limit based on an assumed bias and uncertainty in the method of calculation of
4% (see assumption 4.3.16) and the current 5% regulatory margin (see Section 4.2). This evaluation will
assume a settled volume fraction of 58% (worst configuration identified thus far) for the 1.13-h k_ bin
at its peak. Once the amount of additional carbon steel necessary for the settled case is determined, the
amount for the uniformly distributed case is found to ensure that both configurations are covered. The
VOLMASS sheet of the Excel 7.0 worksheet BURNRICH.XLW, allows determination of the volume

. fractions of iron oxide as a function of additional carbon steel material mass added, and the level of the
iron oxide in the intact fuel assemblies. This spreadsheet was used to develop the number of fuel rods
covered by the oxide in the MCNP models.

The first case examined was for the 1.13-h bin. An iteration process was initiated to determine the
number of assemblies/rods that had to be covered to obtain about a 0.91 k.. The previous evaluations
considered =3.5 assemblies covered (3 assemblies plus 8 rod rows). The peak reactivity for the 58%
settled cases was 1.0186 for a 25,000 year decay period (see Table 7.4-5). Cases for 4 assemblies plus
3 rods filled, plus 4 rods, and plus 8 rods were examined first. These gave k., values of 0.915, 0.908,
and 0.863, respectively. Interpolation between the 4 and 3 row cases, indicate a k., of 0.91 would be
obtained for 3.7 rods covered in the fifth assembly for the 58% settled iron oxide case. The spread sheet
indicated that this would require an additional 1,355 kg of carbon steel in the container initially to reach
that level. For the uniform case this corresponds to an iron oxide volume fraction of 39.51%. A series
of uniform cases for 25,000 year decay, with volume percents of 38.85%, 42.79%, and 45.68% yielded
k. values of 0.951, 0.927, and 0.911. Based upon extrapolation from the last two cases, a 0.91 Keg
should be obtained for a uniform oxide volume percent of 45.93% or 2,659 additional kg of carbon steel.
The cases executed for this evaluation are listed in Table 7.7.1-1.

A similar procedure was followed for the 1.13-m cases at the peak at 35,000 years decay. The required
mass of carbon steel for the 58 vol% settled cases was 1,067 kg (38.09 vol% uniform) to give a k., of
about 0.91. This covered about 1.64 rods in the fifth assembly. For the uniform case, a value of about
41.55 vol% oxide (1,770 kg carbon steel) was required to give the 0.91 value as seen from Table 7.7.1-1.

For the 1.13-1 cases, with a peak k. at 14,000 years, 10.66 rods in the fourth assembly need to be
covered for the 58 vol% settled configuration. This corresponds to a uniform volume fraction of about
34.03 vol% (243 kg additional carbon steel). Based upon Table 7.4-3, at 33vol%, the k., is only about
0.88, so that uniform fractions below about 30% would be required for k., < 0.91. This is below that
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available from complete degradation of the basket, so additional material would not be needed to cover
the uniform cases.

Table 7.7.1-1. kLRcsults for Additional Carbon Steel Cases

Case/ID Kes Decay Oxide Cover { Uniform Additional Carbon
(years) Assy/Rows Vol% Steel (kg)
1.13-h
settled, r58h1342.0 0.91447 | 0.00368 25000 4/3 - -
settled, r58h1343.0 0.90801 | 0.00358 25000 4/4 - -
settled, rS8h1345.0 0.86259 0.00352 25000 4/8 - -
uniform,u39h13f.0 0.95068 0.00386 25000 4/2.7 38.85% 1215
uniform, u43h13f.0 0.92723 | 0.00416 25000 - 42.79% 2018
uniform, u4Sh13f.o 091141 | 0.00342 25000 - 45.68% 2607
1.13-m
settled, r58m134.0 0.93171 | 0.00488 35000 4/0 - -
settled, r38mli341.0 0.90515 | 0.00488 35000 412 - -
settled, r58m1343.0 0.88085 | 0.00400 35000 4/3 - -
uniform, u38mi3g.c | 092586 | 0.00438 35000 4/1.53 38.02% 1052
uniform, u42mli3goc | 091108 | 0.00342 35000 - 40.00% 1455
uniform, u44mi3g.o | 0.89471 | 0.00436 35000 - 44.40% 2348
1.13-1
settled, r5811310.0 0.91438 | 0.00320 14000 3/10 - -
settled, r5811370.0 0.90774 | 0.00408 14000 3/11 - -
settled, r581138.0 0.88759 | 0.00578 14000 3/13 - -
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7.7.2 Altering WP Loading Scheme

Another option for reducing the peak k. of a fully degraded WP is to alter the loading scheme for the
current 21 PWR absorber plate WP (as defined in Ref. 5.5) to prevent the peak k. for the worst fully
degraded configuration from exceeding a given value. Based on the analyses in Sections 7.3 and 7.4,
it is evident that the worst fully degraded configuration is the flooded WP with a fully degraded basket,
58 vol% oxide settled to the bottom, and no boron remaining. For each of the 13 burnup/enrichment
pairs (k. bins) evaluated in Table 7.4-5, the peak k #2o was selected, and an initial multivariate
regression was performed in the SET LOADCURVE sheet of the attached Excel 7.0 spreadsheet,
BURNRICH.XLW (see Section 9.0 and Attachment III), using the Excel regression tool. Various forms
of the regression equation were tried, and the results for the equation which provided the best fit to the
data are provided in Table 7.7.2-3. The form of the regression equation is as follows:

Peak k;+20 = Cy+C\B+CE+C;B +CE*+CB*+CE’

where B is burnup in GWd/MTU, and E is initial enrichment in wt%. Based on this first regression,

- additional burnup/enrichment pairs were selected with predicted peak k. values in the range of 0.91,
0.93, 0.95, and 1.0, to better extend the range of the regression. The selected burnup/enrichment pairs,
and the associated SAS2H input data (see Section 7.2 for method of calculation), are given in Table
7.7.2-1. :

Table 7.7.2-1. Summary of Additional Burnup/Enrichment Pairs and Associated SAS2H Input
Data for 58 Vol% Settled Peak k., Curve Verification Cases

10yt k_per] Burnup U235 | U234 | U236 | U238 | EFPD | SAS2H
assumption (GWIMTU) | weight% | weight® | weight% | weight% | at7.25 case
43.11 MW/assy
Sewled 3.5 | L.109 10 1603 | 00129 | 00074 | 983767 | 640 | el6bl0
row 1,073 20 2275 | 00188 | 00105 | 97.6957 | 1280 | e228b20
k=091 ™07 30 3.142 | 00267 | 00145 | 968168 | 1920 | e314b30
1.039 45 4568 | 00401 | 00210 | 953709 | 2880 | e457bds
Sewled 3.5 | 1120 10 172 | 00139 | 00079 | 98.2582 | 640 | el72b10
row 1,086 20 2435 | 00203 | 00112 | 97.5335 | 1280 | 244620
k=093 ™ 071 30 3363 | 00288 | 00155 | 965928 | 1920 | e336b30
1.048 45 4787 | 00422 | 00220 | 95.1488 | 2880 | e479b45
Setled 3.5 | L131 10 1843 | 00150 | 00085 | 98.1335 | 640 | e184b10
row 1.100 20 2606 | 00218 | 00120 | 97.3602 | 1280 | 261620
k=055 [ 086 30 3597 | 00310 | 0.0165 | 963555 | 1920 | e36b30
o 1057 45 4993 | 00442 | 00230 | 949399 | 2880 | e499b45
Setled 3.5 | 1160 10 2187 | 00181 | 00101 | 97.7849 | 640 | e219b10
row 1.135 20 3.092 | 00263 | 00142 | 968675 | 1280 | 309620
=l T 1om 45 | sas0 | goass | oopst [ osazg4 [ o8R0 [ esssas

Using the isotopics for each burnup/enrichment pair, 58 vol% settled MCNP cases (identical to those
discussed in Section 7.4 except for the number densities) were run for the 10,000 to 35,000 year time
period, which is the approximate time frame of the peak k.. The burnup/enrichment pair number
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densities for the principal isotopes were calculated from SAS2H output summary files in the same
manner as in Section 7.2. The results of these additional MCNP cases are summarized in Table 7.7.2-2
(see Section 9.0 for the output files). The multivariate regression was then computed a second time
using the peak k.+20 for the original 13 cases plus the additional cases. The results of this second
regression are also provided in Table 7.7.2-3. The adjusted R? of 0.987 indicates that the fit is good.
The actual and predicted peak k. +20 values used in the development of the second regression are
provided in Table 7.7.2-4, along with the residuals. Based on the second regression, Figure 7.7.2-1
shows the approximate locus of burnup/enrichment pairs which correspond to peak k. values of 0.91,
0.93,0.95, and 1.0. This second regression may be used in place of assumption 4.3.11, and the 1.13 k.
upper bound discussed in Ref. 5.5, to define the range of burnup/enrichments pairs which may be loaded
into the 21 PWR absorber plate WP to maintain the peak k., below a specific value. This value must
be determined based on the administrative margin and the bias in the method of calculation, of which
the latter is not determined for this analysis. For the worst case 58 vol% settled oxide configuration,
Table 7.7.2-5 demonstrates the effect of using 16 rod DCRAs on the k. of those k_ bins with k. values
greater than 0.91 in Table 7.4-5. Similarly, Table 7.7.2-6 presents the k,,, results of adding DCRAs to
the same fuels for the 33 vol% uniform oxide configuration. The naming convention for these cases is .
consistant with that shown in Table 7.4-1, except that the first character is replaced with a “C” to
indicate that DCRAs are present. DCRA dimmensions are given in assumption 4.3.15, and material
compositions are given in Table 4.1-4.

Table 7.7.2-2. k. Results for 58 Vol% Settled Peak k., Curve Verification Cases

MCNP Case | Decay Time Burnup % Keq 20
Name (years) (GWdJ/MTU) | Enrichment |
RSSLAIB 10000 10 1.6 0.90667 0.00416
RSSLALIC 12000 10 1.6 0.90612 0.00328
RS8LAID 14000 10 1.6 0.90808 0.00440
R58LAIE 18000 10 1.6 0.90803 0.00412
RSSLAIF 25000 10 1.6 0.89989 0.00382
R58LAIG 35000 10 1.6 0.90138 0.00362
R58LLA2B 10000 20 2.28 0.89226 0.00512
R58LA2C 12000 20 2.28 0.89870 0.00374
RSSLA2D 14000 20 2.28 0.89466 0.00382
RS8LAZE 18000 20 2.28 0.89158 0.00326
R58LA2F 25000 20 2.28 0.89721 0.00384
RS8LA2G 35000 20 2.28 0.89137 0.00374
RS8SLA3B 10000 30 3.14 0.89648 0.00358
RS8LA3C 12000 30 3.14 0.89871 0.00418
RSSLA3D . 14000 30 3.14 0.90178 0.00448
RS8LA3E 18000° 30 3.14 0.90280 0.00354
RS8LA3F 25000 30 3.14 0.89835 0.00580
RS8LA3G 35000 30 3.14 0.85661 0.00332
R58LA4B 10000 45 4.57 0.89940 0.00538
R58LA4C 12000 -45 4.57 0.90401 0.00432
R58LA4D 14000 45 4.57 0.90601 0.00412
R58LA4E 18000 45 4.57 0.90718 0.00416
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Table 7.7.2-2. k., Results for 58 Vol% Settled Peak k_, Curve Verification Cases
MCNP Case | Decay Time | Burnup % K 20
Name {years) (GWd/MTU)| Enrichment
R58LA4F 25000 45 4.57 0.90576 0.00368
RS8LA4G 35000 45 4.57 0.90671 0.00440
R5SSLBIB 10000 10 1.72 0.92074 0.00398
RSSLBIC 12000 10 1.72 0.92486 0.00346
R58LBID 14000 10 1.72 0.92108 0.00508
RSSLBIE 18000 10 1.72 0.92225 0.00428
R5S8LBIF 25000 10 1.72 0.92407 0.00416
RS8LBIG 35000 10 1.72 0.91684 0.00376
RS8LB2B 10000 20 2.44 0.91196 0.00448
RSS8LB2C 12000 20 2.44 0.91419 0.00394
R581L.B2D 14000 20 2.44 0.91381 0.00328
R58LB2E 18000 20 244 0.91590 0.00284
RS8LB2F 25000 20 2.44 0.91545 0.00318
RS58LB2G 35000 20 2.44 0.90836 0.00348
R58LB3B 10000 30 3.36 0.91950 0.00386
RS8LB3C 12000 30 . 3.36 0.91905 0.00482
RSSLB3D 14000 30 3.36 0.92210 0.00426
R58LB3E 18000 30 3.36 0.92326 0.00346
RS58LB3F 25000 30 3.36 0.91958 0.00384
R58LB3G 35000 30 3.36 0.92221 0.00378
R581L.B4B 10000 45 4.79 0.91175 0.00498
RS58LB4C 12000 45 - 4.79 0.91786 0.00494
R58LB4D 14000 45 4.79 0.91992 0.00434
RSSLB4E 18000 45 479 0.92092 0.00438
RSSLBAF 25000 45 4.79 0.92301 0.00402
R58LB4G 35000 45 4.79 0.92334 0.00372
RS8LCIB 10000 10 1.84 0.94049 0.00502
R58LCIC 12000 10 1.84 0.94338 0.00436
R58LCID 14000 10 1.84 0.94341 0.00378
RSSLCIE ' 18000 10 1.84 0.93705 0.00410
R58LCIF 25000 10 1.84 0.93582 0.00496
R58LCIG 35000 10 1.84 0.93421 0.00454
RS58LC2B 10000 20 2.61 0.93280 0.00336
R58L.C2C 12000 20 2.61 0.92989 0.00370
R58L.C2D 14000 20 2,61 0.93398 0.00440
R58LC2E 18000 20 2.61 0.94025 0.00406
RS8LC2F 25000 20 2.61 0.93728 0.00444
RS8LC2G 35000 20 2.61 0.93224 0.00560
R58LC3B 10000 30 3.6 0.93803 0.00562
R58LC3C 12000 30 3.6 0.93878 0.00384
RSSLC3D 14000 30 3.6 094272 0.00478
R58LC3E 18000 30 36 0.94864 0.00412
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Table 7.7.2-2. k., Results for 58 Vol% Settled Peak k., Curve Verification Cases
MCNP Case | Decay Time Burnup % Keir 20
Name (years) (GWd/MTU)| Enrichment
R58LC3F 25000 30 3.6 0.94351 0.00460
R58LC3G 35000 30 36 094127 0.00412
RS8LC4B 10000 45 4.99 0.92856 0.00552
R58L.C4C 12000 45 4.99 0.92840 0.00392
RSSLC4D 14000 45 4.99 0.93564 0.00362
RSSLC4E 18000 45 4.99 0.93687 0.00394
RS8LC4F 25000 45 4.99 0.93752 0.00370
R58LC4G 35000 45 4.99 0.93883 0.00412
RS58LDI1B 10000 10 2.19 0.99048 0.00356
R58LDIC 12000 10 2.19 0.98735 0.00372
RSS8LDID 14000 10 2.19 0.98956 0.00472
RSSLDIE 18000 10 2.19 0.98615 0.00560
RSSLDIF 25000 10 2.19 0.98802 0.00436
RS8LD1G 35000 10 2.19 0.98707 0.00364
RS8LD2B 10000 20 3.09 0.97864 0.00490
RS8LD2C 12000 20 3.09 0.98234 0.00360
R58LD2D 14000 20 3.09 0.98568 0.00446
RSSLD2E 18000 20 3.09 0.98514 0.00376
RS8LD2F 25000 20 3.09 0.98517 0.00416
R58LD2G 35000 20 3.09 0.98400 0.00348
RS8LD3B 10000 45 545 0.95992 0.00428
RSSBLD3C 12000 45 5.45 0.96064 0.00410
R58LD3D 14000 45 5.45 0.96160 0.00392
R5S8LD3E 18000 45 5.45 0.97201 0.00472
RSSLD3F 25000 45 5.45 0.97006 0.00518
R58LD3G 35000 45 545 0.97330 0.00486
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Table 7.7.2-3. Regression Results for 58 Vol% Settled Peak k4

as a Function of Burnup and Enrichment

Regression First Fit Second Fit
Constants (Sect. 7.4 Data Only) (Sect. 7.4 + new cases)
Co 6.08171e-01 6.40653e-01
C, -1.05737e-02 -1.02912¢-02
C, 3.46934¢-01 3.00169e-01
c, 1.40880e-07 -2.54581e-05
C, -6.71155e-02 -4.90929%e-02
C 5.80601e-07 9.92035¢-07
C, 5.66667e-03 3.64521e-03
Adjusted R Square 0.99330 0.98723
Standard Error 0.00454 0.00483
] : :
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Figure 7.7.2-1. Peak k,,+20 as a Function of Burnup and Enrichment for the Flooded Fully

Degraded WP Basket with 58 Vol% Iron Oxide Settled to the Bottom and No
Boron Remaining
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Table 7.7.2-4. Additional Second Regression Goodness-of-Fit Information

| for Fully Degraded WP with 58Vol% Settled Oxide Peak k. + 20

Burnup Initial MCNP Regression Residuals
(GWd/MTU)  |Enrichment (wt%)| Peak k.+20 Peak k.,+20
9 1.7 0.5393 0.93301 0.00631
27 3.9 1.0027 1.00394 -0.00126
34 4.9 1.0235 1.02128 0.00218
3 0.8 0.8119 0.82016 -0.00830
23.5 3 0.9532 0.95472 -0.00149
35 4.5 0.9898 0.98061 0.00917
12 1.5 0.8737 0.86730 0.00636
28 3.25 0.9352 0.93646 -0.00130
39 4.6 0.9576 0.95620 0.00144
325 35 0.9189 0.91885 0.00005
44 4.9 0.9467 0.94402 0.00270
385 3.85 0.9004 0.89931 0.00109
48 4.9 0.9197 0.91869 0.00100
10 1.603 0.9125 0.90622 0.00626
10 1.72 0.92832 0.92579 0.00253
10 1.843 0.94774 0.94547 0.00227
10 2.187 0.99428 0.99598 -0.00170
20 2.275 0.90244 0.90430 -0.00186
20 2435 0.91874 0.92504 -0.00630
20 2.606 0.94431 0.94593 -0.00162
20 3.092 0.99014 0.99911 -0.00897
30 3.142 0.90634 0.90734 -0.00100
30 3.363 0.92672 0.92867 -0.00195
30 3.597 0.95276 0.94996 0.00280
45 4.568 0.91134 0.91062 0.00072
45 4.787 0.92706 0.92819 -0.00113
45 4.993 0.94295 0.94499 -0.00204
45 5.449 0.97816 0.98413 -0.00597
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Table 7.7.2-5. Time Effects on Fully Degraded Basket k., for 58 Vol%
Settled Oxide With 16 Rod DCRAs In All Assemblies

—
Decay kg | 20 kg | 20 ke | 20
Time (yrs) 1.13-h 1.10-h 1.08-h

8000 0.75204 | 0.00546 | 0.72064 0.0042 0.7019 0.00424
10000 0.75655 | 0.00424 | 0.72691 0.00454 0.70756 | 0.00468
12000 0.75566 | 0.00526 | 0.72715 | 0.00424 | 0.70914 | 0.00228
14000 0.75651 0.00476 | 0.72998 | 0.00442 | 0.70956 | 0.00394
18000 0.75747 | 0.00368 | 0.73203 0.0032 0.70852 | 0.00432
25000 0.7599 0,00448 | 0.72613 | 0.00378 | 0.70927 0.0045
35000 0.75875 | 0.00464 | 0.72444 | 0.00468 | 0.70356 | 0.00322
45000 0.75386 | 0.00362 | 071759 | 0.00456 | 0.69672 | 0.00458
100000 0.73849 0.0031 0.70075 | 0.00408 | 0.68402 | 0.00366
1.13-m 1.10-m 1.08-m

8000 0.73572 0.0051 0.68735 | 0.00358 | 0.68221 0.00352
10000 0.74013 0.0052 0.68664 0.0043 0.67753 | 0.00318
12000 0.73847 | 0.00348 | 0.69208 | 0.00432 | 0.67563 | 0.00434
14000 0.73576 | 0.00364 | 0.65008 | 0.00492 | 0.68044 0.0033
18000 0.73716 | 0.00418 | 0.68715 | 0.00458 | 0.67465 | 0.00454
25000 0.73445 0.0041 0.68899 | 0.00358 | 0.67482 | 0.00396
35000 0.73093 | 0.00466 | 0.68231 0.00422 | 0.67211 0.00374
45000 0.72928 | 0.00416 | 0.67621 0.0038 0.66733 0.0051
100000 0.71176 | 0.00422 | 0.65886 | 0.00388 | 0.64952 0.0044
1.13-1

8000 |- 0.6628 0.00342
10000 0.66474 | 0.00304
12000 0.66606 | 0.00354
14000 0.66419 | 0.00366
18000 0.66124 | 0.00354
25000 0.65743 | 0.00396
35000 0.65509 0.0033
45000 0.64841 0.00394
100000 0.62743 0.003_2L
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Table 7.7.2-6. Time Effects on Fully Degraded Basket k., for 33 Vol%
Uniform Oxide With 16 Rod DCRAs In All Assemblies
Decay | kg | 20 ke | 20 ke | 20
(years) 1.13-h 1.10-h 1.08-h
8000 0.70195 | 0.00452 | 0.67601 0.00384 0.65841 0.00466
10000 0.70828 | 0.00374 | 0.67213 0.00396 0.65448 0.00328
12000 0.70670 ] 0.00416 | 0.67477 0.00510 0.65751 0.00376
14000 0.70669 | 0.00302 | 0.67939 0.00378 0.66029 0.00464
18000 071118 ]0.00340 | 0.67673 0.00318 0.66125 0.00394
25000 0.71312 | 0.00458 | 0.67612 0.00378 0.65582 0.00364
35000 0.70693 ] 0.00444 | 0.66659 0.00384 0.65466 0.00504
45000 0.70063 | 0.00280 | 0.66538 0.00434 | 0.65036 | 0.00372
100000 0.68661 | 0.00444 | 0.64954 ! 0.00426 | 0.63074 0.00376
1.13-m 1.10-m 1.08-m
8000 0.68420 ] 0.00462 | 0.63768 0.00294 0.62883 0.00304
10000 0.68178 | 0.00320 | 0.63810 0.00322 0.63098 0.00390
12000 0.68563 | 0.00356 | 0.63464 0.00338 0.62647 0.00326
14000 0.68822 | 0.00378 | 0.63806 0.00426 0.62754 0.00400
18000 0.68695 ] 0.00320 | 0.63649 | 0.00338 | 0.62712 0.00400
25000 0.68501 | 0.00330 | 0.63502 0.00354 | 0.62820 | 0.00436
35000 0.67843 | 000266 | 0.63111 0.00450 | 0.61921 0.00336
45000 0.67134 | 0.00372 | 0.62420 | 0.00342 0.61169 0.00334
100000 0.65772 ] 0.00416 | 0.60451 0.00310 | 0.59097 0.00310
1.13-1
8000 0.61110 | 0.00274
10000 0.60694 | 0.00412
12000 0.60810 | 0.00278
14000 0.60865 | 0.00326
18000 0.60384 | 0.00362
25000 0.60356 | 0.00324
35000 0.59380 | 0.00330

45000 0.58766 1 0.00356
100000 1057205 | 000306
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8. Conclusions

In compliance with the M&O Quality Administrative Procedures, the design results presented in this
document can not be used for procurement, fabrication, or construction unless properly identified,
tracked as TBV, and controlled by the appropriate procedures. Furthermore, the bias and uncertainty
in the method of calculation used for this analysis are also TBV. The bias and uncertainty will be
determined at some future point based on the work currently being performed by the WPD Criticality
Analysis Methodology Group to develop a bounding method for performing disposal criticality analysis
using burnup credit with the SAS2H/MCNP code system (see assumption 4.3.16).

This evaluation provided a refinement of the PWR AUCF WP degradation scenarios discussed in
previous degraded mode analyses (see Section 7.1), performed parametric criticality analysis on the
resulting configurations for each scenario to identify those which may be of concern (as well as eliminate
some configurations from further concern; see Sections 7.2 to 7.5), and developed k., regressions to be
used in future analyses of criticality probability for the current PWR WP designs (see Section 7.6).
Potential design options for reducing the k., of the degraded configurations (see Section 7.7) were also
discussed.

The worst case degraded configuration was identified in Section 7.4 as a flooded absorber plate WP with
a fully degraded basket, no boron remaining, and all oxide corrosion products settled to the bottom of
the WP (settled oxide k., values are =4% higher than uniform oxide for fully degraded basket with the
same amount of oxide). However, the worst projected fuel for the absorber rod WP never exceeded a
k. of 0.92 in the same configuration when 16 rod natural B,C DCRAs were used. Furthermore,
configurations involving unflooded absorber plate WPs with only hydrated oxide settled to the bottom
were eliminated from further consideration in Section 7.4. Also, Section 7.5 verified that mechanisms
which result in collapse of the fuel spacer grids and consolidation of the fuel rods, such as dynamic
loading (e.g., rockfall) or spacer grid corrosion, will reduce k. by 2% to 20% depending on the amount
of consolidation. ‘

Section 7.6 accomplished the primary objective of this analysis by using the data from Sections 7.3 and
7.4 to develop multivariate nonlinear regressions which relate the k,; for a particular class of
configurations (e.g., intact fuel with fully degraded basket and oxide settled to bottom of WP) to various
parameters for that class (e.g., time, burnup, enrichment, assemblies'covered by oxide, etc...). For the
settled oxide configurations, regressions were also developed which provide the Ak /k., resulting from
various amounts of boron in solution (which would be present in a flooded WP during corrosion of the
borated stainless steel). The regression equations and their use are discussed further in Section 7.6.

Finally, Section 7.7 identified options for reducing the peak postclosure k., of the absorber plate WP.
The first option involves adding sufficient (2,659 kg) carbon steel to the intact basket to reduce the k¢
to below 0.91 for all fuels currently planned to be loaded into the absorber plate WP (1.0 < k. < 1.13;
see Ref. 5.5). This carbon steel has the effect of providing additional iron oxide when it corrodes, which
is insoluble, occupies a greater volume than the undegraded steel (e.g., excludes moderator), and is a fair
neutron absorber. The second option does not require any change to the WP designs, but requires
abandoning the use of k_ as a means for binning fuel assemblies into one WP type or another, and results
in a greater number of absorber rod WPs. Section 7.7.2 provides a regression which gives the peak k.4
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of the worst degraded configuration for the absorber plate WP as a function of the burnup and
enrichment of the fuel assemblies, and can be used to determine which fuel should be placed in the
absorber rod WP.

9, Attachments

The hardcopy attachments are listed in Table 9-1 below.

Table 9-1. List of Attachments

Attachment Description Pages Date
Number
I Source Code for BURNRICH.C 2 8/5/97
11 Source Code for AMIGO.BAS 4 8/5/97
111 Calculations from Excel 7.0 spreadsheet BURNRICH XLW 14 8/21/97
v Calculations from Mathcad+ 6.0 worksheet BORIDE.MCD 5 8/21/97
v getPI awk script 1 8/5/97
A2 Sample SAS2H/ORIGEN-S input file (¢49b34.input) 2 82197
vII Sample MCNP input for Partially Degraded Basket w/ Uniform Oxide 6 8/12/97
(b3Ch13a)
VIII Sample MCNP input for Partially Degraded Basket w/ Settled Oxide 7 8/12/97
{b08h13a)
IX Sample MCNP input for Fully Degraded Basket w/ Uniform Oxide 3 8/12/97
: (u33hi3a)
X Sample MCNP input for Fully Degraded Basket w/ Settled Oxide (r58h13f) 4 8/ li/97
X1 Summary of curie content of TSPA-95 radionuclides (Ref. 5.33, Table 7.6-
1) as a function of time from the SAS2H/ORIGEN-S output file for e49b34
(4.9% enrichment, 34 GWd/MTU burnup). Note that nuclides not present at 20 8/31/97
a given time are not listed. This information is summarized for use ina
future analysis of internal criticality consequences

The following supporting documents are in electronic form on three Colorado Trakker® tapes and two
floppy disks (Ref. 5.57) and are listed below. Each file is identified by it’s name, size (in bytes), and the
date and time of last access. The files are grouped into directories according to their associated
application and subject. There are a total of 2,802 files listed.

2 MAMIGO

AMIGO BAS 12,865 07-04-97 4:56p AMIGO.BAS
R58 TMP 5,241 07-03-97 5:04p RS58.tmp
AQB TMP 17,594 07-04-97 3:30p AO8.tmp
A30 TMP 14,353 07-04-97 3:31p AJ0.tmp
BO8 TMP 17,590 07-04-97 3:33p BO8.tmp
BO9 TMP 17,593 07-04-97 3:34p B0Y.tmp
B30 TMP 14,299 07-04-97 3:35p B30.tmp
B33 TMP 11,554 07-07-97 4:44p B33.TMP
B35 TMP 14,302 07-04-97 S:04p B35.tmp
BF10 TMP 17,830 07-07-97 4:19p BF1C.TMP
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BR58 T™MP
co8 TMP
Cco9 TMP
c30 T™P
c35 TMP
D08 TMP
D10 TMP
030 THP
D40 TMP
EO8 TMP
E10 TMP
E30 TMP
E40 TMP
FO8 TMP
F10 TMP
F30 TMP
F40 TMP
Go8 TMP
Gl0 TMP
G30 TMP
G40 TMP
A00 TMP
R58CR TMP
RB1 TMP
RB1O TMP
RB2 TMP
RBS TMP
RBC TMP
RBP1 TMP
RBP2 TMP
RBP5S TMP
u3o TMP
U33 TMP
U40 THP
R3 TMP
R4 TMP
R4S ‘TMP
‘ .
BURNRICH C

BURNRICH OUT

wdEXCEL
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RB1B08
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RB1D08
RB1D0B
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RB1D10O
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RBP2G10
RB5G08
RBPSBOY
RBP2BOB
RBPSBO8
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RB2D08B
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E30M10F 15,248 08-05-37 1:21p E30MIOQOF
B3OM10F 15,248 08-0S-97 1:21p B30OMIOQF
E4O0M10F 15,247 08-05-97 1:21p E40M10F
B30H10E 15,247 08-05-97 1:21p B3IOHIOE
D30H10J 15,189 08-05-97 1:21p D30H1OJ
G40H10J 15,188 08-05-97 1:21p G40HIOJ
D30OH10I 15,187 08-05-97 1:21p D30H1O0I
G40H10I 15,186 08-05-97 1:21p G40H10I
DI0OH1OR 15,185 08-05-97 1:21p D30OH10H
B30H10J 15,185 08-05-97 1:21p B30H10J
G40H10H 15,184 08-05-97 1:21p G40HI1OH
D30H10G - 15,184 08-05-5%7 1:21p D3IOHLOG
G40H10G 15,183 08-05-57 1:21p G40H1OG
B30H101 15,183 ©08-05-97 1:21p B30H10I
B30H10H 15,181 08-05-97 1:21p B30H10H
BIOH10G 15,180 08-05-97 1:21p B30H10G
G40H10D O 271,188 08-05-37 1:21p G40H10D.O
DIOHIOC © 271,125 08-05-97 1:21p D30H10C.O
D30H10D O 271,110 08-05-97 1:21p D3IOHIOD.O
G40HI10A © 271,109 08-05-97 1:21p G4QH10A.O
D3OHIOA O 271,095 08-05-97 1:21p D30H10A.O
B30OH10C O© 271,068 08-05-97 1:21p B30H10C.O
B3OH10A © 271,036 08-05-97 1:21p B30H10A.O
G40H10C © 271,014 08-05-97 1:21ip G40H10C.O
G40H10B O 271,011 08-05-97 1:21p G40H10B.O
D30HI10B O 270,978 08-05-97 1:21p D3OHIOB.O
B30H1OD O 270,978 08-05-97 1:21p BIOHLOD.O
B30H10B O 270,921 08-05-97 1:21p BIOHLOB.O
B3SMI0F O 270,777 08-05-97 1:21p B3ISMICF.O
GIOMI0F © 270,693 08-05-97 1:21p G4OMIO0F.0
D4OMIOF ©O 270,651 08-05-97 1:21p D40MI1OF.O
DIOHIOE © 270,645 08-05-97 1:21p D30OHIOE.O
FIOMI1O0F O 270,630 08-05-37 1:21p F30MIOF.O
A3JOM10F O 270,593 08-05-97 1:21p A3OMIOF.O
C35M10F O 270,590 08-05-97 1:21p C3IS5MIOF.O
B30HIOE O 270,588 08-05-97 1:21p B3OHIOE.O
F40M10F O 270,561 08-05-97 1l:21p F4OMIOF.O
G40HI10E O 270,531 08-05-97 1:21p G40H10E.O
E30M1OF © 270,498 08-05-97 1:21p E30MI10F.O
D3O0M1OF O 270,498 08-05-3%7 1:21p DIOMIOF.O
B3OMIOF O 270,498 08-05-97 1:21p B30OM10F.O
C30M10F O 270,471 08-05-97 1:21p C30M10F.O
G30OM10F O 270,461 08-05-97 1:21p GIOMIOF.O
E40M10F O 270,369 08-05-97 1:21p E40M1QF.O
B30H10G O 269,592 08-05-97 1:21p B3OH10G.O
G40H10G © 269,548 08-05-97 1:21p G40H10G.0
D30HIOI © 269,546 08-05-97 1:21p D3QH10I.O
D30OHIOH O 269,527 0B-05-97 1:22p D30H10H.O
B30H10J O 269,470 08-05-97 1:22p B30H10J.0
G40H10I O 269,443 08-05-97 1:22p G40H10I.O
G40H10J O 269,406 08-05-97 1:22p G40H10J.0
G40H1OH O 269,386 08-05-97 1:22p G4QHIOH.O
D3IDH1O0G ©O 269,373 08-05-57 1:22p D3OH10G.O
D30R10J © 269,350 08-05-97 1:22p D30H10J.O
BIOH10I O 269,350 08-05-97 1:22p B30H10I.O
B30H10H O 269,323 08-05-97 1:22p B30H10H.O
AQOMIQOF O 265,019 08-05-97 1:22p ACOM1QF.O
. \MCNPcases\Sect7-I\Tab73455
G10H13F 18,552 07-07-97 9:34a G10H13F
GOBH13IF O 318,512 07-07-57 9:35a GOBHI13F.O
G10H13A 18,583 07-07-97 9:342 G1l0H13A
G1l0H13A O 319,397 07-07-97 9:32a Gl0H13A.0
G1l0H13B 18,582 07-07-97 ¢:34a GlOH13B
Gl0H13B © 319,454 07-07-97 9:32a G10H13B.O
G10H13C 18,583 07-07-97 9:34a GLOH1IC
GlOH13C O 319,447 07-07-97 9:32a GlOH13C.O
G10H13D 18,584 07-07-97 9:34a GIOHI3D
G10H13D O 319,307 07-07-97 9:32a Gl0H13D.O
G10H13E 18,553 07-07-97 9:34a GlOHI3E
GI10H13E O 318,562 07-07-97 9:31la GIQH13E.Q
GO8H13F 18,551 07-07-97 9:34a GO8HI13IF
GICHI3F O 318,569 07-07-97 9:31la G10HI3F.O
G10H13G 18,489 07-07-97 9:34a GlOH13G
G10H13G O 316,981 07-07-97 9:31a G10H13G.O
G10H13H 18,489 07-07-97 9:34a GLOH13H:
GI10HI13H O 317,229 07-07-97 9:31a Gl0H13H.O
G10H13I 18,489 07-07-57 9:34a GlOHK13I
G10H13I ©O 317,229 07-07-97 9:31a GlOH13I.O
G10H13J 18,487 07-07-97 9:34a G10H13J
G10H13J © 317,229 07-07-97 9:3la G10HI3ZJ.O
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G10L13I.0
G1i0L13H.O
G10L13G.0
GlOL13IF.0
G10L13E.O
G10L13D.0
G10L13C.0
G10L13B.O
G10L13A.0
DO8L13J.0
DOBL13I.O
DO8L13H.O
DO8L13G.O
DOSL13F.0
DOBL13E.Q
DOBL13D.O
DOBL13C.0O
DOBL13B.O
DO8L13A.O
B08L13J.0
BOBL13I.O
BOBL13H.O
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BOBL13G
BOBL13FP
BOBL13E
BO8L13D
B08L13C
BOBL13B
BOBL13A
EO8L13F
D10L13F
CO9L13F
COBL13F
BOSL13F
AQBL13F
G08L13F
F10L13F
BOSLL3F
AOBLL3F
COSL13F
D10L13F
E0BL13F
FO8L13F
EL0L13F
CO8L13P
G10L13D
DO8L13D
G10L13C
D08L13C
G10L13A
DOBL13A
G10L13B
DOBL13B
BOSL13D
BOBL13C
BOBL13A
BOBL13B
G10L13F
DO8L13F
GIOL13E
DOSL13E
BOBL13F
BOSL13E
DOBL13J
G10L13G
G10L13J
G10L13I
D08L13I
DOBL13G
G1OL13H
DOSL13H
BOSL13I
BOBL13J
BOEL13G
BOBL13H
DOBM13C
BOSM13A
G10M13A
BOBM13C
DOBM13A
BOBM13D
DOBM13B
BOBM13B
GLOM13B
GlOM13C
DOSM13D
G10M13D
BO9YML3F
COBML3F
DOBM13E
CO9M13F
FOBML3F
DOBMLIF
BOBML3E
ADBML3F
G10M13F
G10M13E
D10OM13F
BO8M13F
FLOM13F
ELOM13F
EOBM13F
G10M13J

[oReNoReReNoRoRoRoNo e NoRe]
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317,252
318,796
318,588
318,885
318,912
319,191
319,017
318,264
318,588
318,108
318,291
318,666
318,615
18,553
18,554
18,542
18,548
18,547
18,554
18,548
18,55)
18,549
18,550
18,587
18,587
18,586
18,586
18,584
18,584
18,583
18,583
18,577
18,576
18,574
18,573
18,554
18,554
18,553
18,553
18,544
18,543
18,491
18,481
18,491
18,491
18,491
18,491
18,490
18,450
18,481
18,481

318,426
318,423
318,382
318,377
318,321
318,291
317,348

07-10-97
07-10-97
07-10-987
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-57
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-37
07-08-97
07-08-97
07-08-97
07-08-57
07-08-97
07-08-97
07-08-97
07-08-97
07-10-97
07-08-97
07-08-%7
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-08-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07~10-97
07-10-87
07-10-97
07-10-97
07-10-87
07-10-57
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-587
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97

S:12p
5:12p
5:12p
:12p
:12p
:12p
:12p
:12p
:12p
:12p
:12p
:12p
:12p
:26p
:26p
:26p
1 26p
:26p
:26p
:26p
:26p
126p
126p
:26p
1 26p
:26p
126p
126p
126p
:26p
:126p
126D
:26p
1 26p
:26p
:26p
1 26p
:26p
:26p
:26p
: 26D
:26p
:20p
1 26p
126p
:26p
1 26p
126p
1 26p
:26p
:26p
:26p
:26p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
:03p
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BOBL13G.
BOBL13F,
BOBL13E,
BOBL13D.
BOBL13C.
BOBL13B.
BOBL13A.
EO08LI13F.
D10OL13F.
COSL13F.
CO8L13F.
BOSL13F.
AOSL13F.
GO8BL13F
F10L13F
BOOL13F
AQO8L13F
COSLI3F
DI1OL13F
EQ8BL13F
FOSL13F
E1O0L13F
COBL13F
Gl0L13D
DOBL13D
Gl0Ll3C
DO8L13C
GlOL13A
DOBL13A
Gl0L13B
DOBL13B
BO8L13D
BOBL13C
BOSL13A
B08L13B
G1OL13F
DO8SL13F
Gl0L13E
DOSL13E
BOSL13F
BOSL13E
DO8L13J
G1l0L13G
GloLllig
Gl0L131
DO8L13I
DO8L13G
GlOL13H
DOBL13H
BOBL13IX
BOSL13J
BOBL13G
BOBL13H
D08M13C.0
BO8M13A.O
GlOM13A.0
BOSM13C.0
DO8M13A.0
BOBM13D.O
DOBM13B.O
BOBM13B.O
G1l0M113B.O
GlOM13C.0
DOBM13D.O
GlOMI3D.O
BO9M13F.O
COBM13F.0
DOBMI3E.O
CO9M13F.O
FOBM13F.0O
DOBMI3F.O
BOBMI3E.O
AQBM13F.O
GlOM13F.O
G10MI13E.O
D10OM13F.O
BOBM13F.0
F10M13F.0
E10M13F.0
EOBM11IF.O
Gl0M13J.0

QOOOO0OCO000000
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BOSMI3I
GlOM13I
G1OM13H
DOBM13I
DO8M13H
BOBM13H
BOBM13G
DOBM13J
BOBM13J
G10M13G
DOBM13G
GOBMI13F
G10M13D
DO8M13D
G10M13B
DO8M13B
G1l0M13C
DOBM13C
G1OM13A
DOBM13A

BOBM13D.

BOSM13B
BOBM13C
BOSML3A
G1OM13F
D10M13F
F10M13F
DOBM13F
GOBM13F
FOSM13F
GLOM13E
DOSM13E
CO8MLIF
E10M13F
E08M13F
ADBM13F
COSM13F
BOBMI3F
BOSML3E
BO9M13F
G10M13J
DOBM13J
G10M13H
G10M13I
DO8M13I
DOSM13H
G1OM13G
DO8M13G
BOBM13J
BOBM131
BOBM13H
BOBM13G
FOBLI3F
E10L13F
F1OL13F
BOBH10A
BOSH10A
BOBH10B
BOBHLOB
BOBH10C
BOBH10C
BOBH10D
BOBH10D
BOBH10E
BOBH10E
BOBH10G
BO8H10G
BOBH10H
BOBH10H
BOBH10I
BOBH10T
BOBH10J
BOBH10J
DOBH10A
DOBH10A
DOBH10B
DOBH10B
DO8H10C
DO8H10C
DOSH10D
DO8H10D

[eXaReRoNoRoNoRoNoNoRoXo]
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317,248
317,218
317,218
317,101
317,098
317,098
317,056
316,981
316,581
316,951
316,924
319,562
18,583
18,583
18,582
18,582
18,581
18,581
18,580
18,580
18,573
18,572
18,571
18,570
18,549
18,549
18,549
18,549
18,548
18,548
18,548
18,548
18,545
18,544
18,543
18,543
18,542
18,539
18,538
18,537
18,488
18.488
18,487
18,487
18,487
18,487
18,486
18,486
18,478
18,477
18,477
18,476
318,710
318,588
318,583
18,575
319,002
18,574
319,424
18,572
318,885
18,57%
318,855
18,543
318,585
18,476
317,086
18,477
317,377
18,479
317,113
18,481
316,924
18,585
319,206
18,584
318,912
18,582
319,206
18,585
319,390

07-10-97
07-10-97
07-10-87
07-10-97
07-10-97
07-10-%97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-106-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-87
07-10-97
07-10-97
07-10-97
07-10-97
07-10-97
07-10-87
07-10-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-387
08-05-97
08-05-97
08-05-97
08-05-97
0B-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97

5:03p
5:03p
5:03p
S:03p
5:03p
5:03p
5:03p
5:03p
5:03p
5:03p
5:03p
5:20p
5:04p
5:04p
S:04p
5:04p
S:04p
S:04p
S:04p
5:04p
5:04p
5:04p
S:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:20p
5:04p
5:04p
5:04p
S5:04p
S5:04p
S:04p
5:04p
5:04p
S:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:04p
5:04p
S:04p
5:04p
S:04p
S5:04p
5:12p
S:12p
5:12p
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a

BOBM13I.
Gl0OMI3I.
G1OM13H.
DO8MLII.
DO8M13H.
BOSMI13H,
BOSM13G.
D08M13J.
BOBM13J.
G10M13G.
DOBM1AG.
GO8M13F.
G1l0M13D
DOBM13D
G10M13B
DO8M13B
G10M13C
DO8M13C
G10M13A
DO8M1IIA
BOSM13D
BOSM13B
BOBM13C
BOBMI3A
GlOM13F
D10OM13F
F10OM13F
DO8M13F
GO8M1IF
FO8M13F
G10M13E
DOSM13E
CO8M13F
E10M13F -
E08M13F
AQ8M1IF
COIMLIF
BOBM13F
BOBM13E
BOIMLIIF
G10M13J
DOBM13J
G10M13H
G1l0M13I
DO8M1I3I
DO8M13H
G10M13G
DO8M13G
BOBM13J
BOBM13I
BOBM13H
BOBM13G
FOSL13F.O
E10L13F.0
F10L13F.0
BO8BH10A
BOBH10A.O
BOBH10B
BO8BH10B.O
BO8SH1OC
BO8H10C.O
BOSH10D
BOBH10D.O
BOBHI0E
BOBHI0E.O
BO8H10G
BO8H10G.0
BOBH1O0H
BOSHIOH.O
BOBH10I
BOBH101.0
BOBH10J
BOBH10J.0
DOBH10A
DOBH10A.O
DOBH10B
DOBH10B.O
DO8H10C
DO8H10C.0
DO8HIOD
DOBH10D.O

[eNeNoReReRoNoReRoNoNoNo
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DOBH10E
DOBH1O0E
DOBH10G
DOBH10G
DOBH10H
DOBH10H
DOBH1O0I
DOBH10I
DOBH10J
DOBH1OJ
G10H10A
G10H10A
Gl0H10B
G1OH10B
G1l0H10C
G1lOH10C
G10H10D
G10H10D
G10H10E
G10H10E
G1l0H10G
G10H10G
G1OH10H
G10H10H
G10H1O0I
G10H10X
G10H10J
G10H10J
BOBM10A
BOSM10A
B08M10B
BO8M10B
BO8M10C
BO8M10C
B0BM10D
B0O8SM10D
BOSM10E
BO8SM10E
BD8M10G
B(O8M10G
BO8SM10H
BOBMI1CH
BOBM10I
BOBM1OI
BOSM10J
BO8M10J
DO8M1OA
D08M10A
DOBM1OB
DOBM1CB
DOBM10C
DOBM10C
DO8M10D
DO8M10D
DO8MIOE
DOSMLOE
D08M10G
DO8M10G
DO8M10H
DO8M10H
DO8M10T
DO8M10I
DO8M10J
DO8M10J
G10M10A
G10M10A
G10M10B
G10M10B
G10M10C
G10M10C
G10M10D
G10M10D
G10M10E
Gl0M10E
G1l0M10G
G10M10G
G10M10H
GlOMIOH
GlOM10I
G1lOM10I
G1l0M10J

0OOOOOOQO00OOOOOOOOQOOOOOOOOOOOOOOOOOOOO

18,553
318,453
18,486
317,275
18,487
316,981
18,489
317,128
18,491
316,944
18,585
315,277
18,584
316,280
18,582
319,228
18,585
319,250
18,553
318,512
18,486
317,331
18,487
317,213
18,489
317,315
18,491
317,536
18,574
320,474
18,574
320,442
18,574
320,315
18,573
320,183
18,544
319,729
18,480
318,705
18,476
318,363
18,478
318,705
18,479
318,411
18,584
320,447
18,584
320,153
18,584
320,609

320,722
18,584
320,725
18,583
320,458
18,554
319, 660
18,490
318,674
18,486
318,500
18,488
318,470
18,489

08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
0B8-05-97
08-05-97
08-05-97
0B-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-57
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-~97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-87
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97
08-05-97

11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:04a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
1i:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
11:12a
1i:12a

DOBHLOE
DOBH10E.O
DOBK10G
DOBHL10G.O
DOBH1OH
DOBH1QH.O
DOBHI1OI
D08H10I.0
DOBH10J
D08H10J.0
GLCH10A
Gl0H10A.O
G1l0H10B
G1l0H10B.O
G10H10C
G10HIO0C.O
Gl0H10D
Gl0H10D.0O
G10HIOE
Gl0HIOE.O
GlO0K10G
Gl0H10G.O
G1OH10H
Gl0H10H.O
GlOHIO0I
Gl0H10I.0
Gl0H10J
Gl0Hl0J.0
BOBM10A
BOBM1OA.O
BOBM10B
BOBM10B.O
BOBM10C
B08M10C.O
BOBM1OD
BO8M10D.O
BOBM1OE
BOBMIOE.O
BOBM10G
B08M10G.0O
BOSM10H
BOBM10H.O
BO8M10I
BO8M1OI.O
BO8M10J
BO8M10J.0
DOBM10A
DOBM10A.O
DO8M10B
D08M10B.O
DO8SM1OC
D08M10C.0
DO8M10D
DOSM10D.O
DOBM10E
DOBMI0E.O
D08M10G
DO8M10G.0
DO8M10H
DO8M10H.O
DOSM10I
DO8M10I.0
DO8M10J
DO8M10J.0
G1lOM10A
Gl0M10A.0
G10M10B
G1l0M10B.0
G10M10C
GiloMl0C.o
G1lOM10D
Gl0M10D.O
G10M10E
GlOMIQ0E.O
G1OM10G
G10M10G.0
G10M10H
G10M10H.O
G10M10I
G10M10I.0
G1l0M10J
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G10M10J
G10H1OF
GO8HIOF
F10H1O0F
FOBHLOF
E10HLOF
EOBH1OF
D1CHL1O0F
DOBHLOF
COSHLOF
COBH10F
BOYH10F
BOBH1OF
AOBH10F
F10H1QF
G1l0H1OF
D10H10F
DOBH10F
GOBH10F
FOBH10F
COBHLOF
E10H1OF
EOQ8H1OF
AO0BHIOF
CO9H10F
BOBH10F
BOSHIOF
E10M10F
F10M10F
BO9M1QF
FOBM10F
DOSM1OF
COSM10F
EQ8M1OF
AQBM1OF
BOBMI1OF
G10M10F
DIOM1OF
GO8M1OF
CO08M10F
G10M10F
F1lOM10F
D10M10F
DOBMLOF
GO8M10F
FO8M10F
CO8M10F
E10M10F
EO8M1OF
AQBM1O0F
COSM10F
BOBMI1OF
BOSMIOF
GOBL13F

R5BH13A1
R58H13A1
RS8H13A2
R58H13A2
R58H13A)
R58H13A)
R58H13AW
R58H13AW
RSBH13BW
RSBH13BW
R58M13A1
R58M13A1
R58M13A2
R58M13A2
RS8M13A3
RSEM13A3
RSEM13AW
RS5BM13AW
R58M13BW
R58M13BW
R58M13CW
RS8M13CW
2
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000QO000VO0O00
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o}
o}
o}
o]
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tile(s)

318,527 08-05-97 11
318,938 08-05-97
318,569 08-05-97
318,490 08-05-97
318,585 08-05-97
318,814 08-05-97
318,264 08-05-97
318,671 08-05-97
318,615 08-05-97
318,588 08-05-97
jie,321 08-05-97
318,482 08-05-97
318,291 08-05-97
318,264 08-05-97
18,552 08-05-97
18,552 08-05-97
18,552 08-05-97
18,552 08-05-97
18,551 08-05-57
18,551 0B-05-97
18,548 (8-05-97
18,547 08-05-97
18,546 08-05-97
18,546 08-05-97
18,545 08-05-97
18,542 08-05-97
18,540 08-05-97
318,717 08-05-%7
318,615 08-05-97
318,590 08-05-57
318,585 08-05-97
318,585 08-05-97
318,468 08-05-97
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RSBLC3C
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R58LC3D
RS8LC3D.O
RS8LC3E
RSBLC3E.O
R5BLC3F
RSBLC3F.O
RSBLCIG
R58LC3G.O
RSBLC4B
R58LC4B.O
RS8BLC4C
R58LC4C.O
R58LC4D
RS8LC4D.O
RS8LCAE
RS8LC4E.O
RS8LCAF
RSBLC4F.O
R58LCAG
RSBLC4G.O
RS8LD1B
RS8LDIB.O
RSBLD1C
RS58LDIC.O
RS8LDID
RS58LD1D.O
R58LD1E
RSSLDIE.O
RSSLDIF
RSBLDIF.O
RSBLD1G
R5BLDI1G.O
RSBLD2B
RS8LD2B.O
R58LD2C
R58LD2C.0O
RSBLD2D
R58LD2D.C
RSBLD2E
R58LD2E.O
RS8LD2F
R58LD2F.0
R58LD2G
RS8LD2G.0O
RS8LDIB
RS8LD3IB.O
RS8LD3C
RSBLD3C.O
RS8LD3D
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RSSLD3E
RSBLD3E.O
RSBLD3F
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RSBLD3G
R58LD3G.0O
RS8LALB
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RS8LALC
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R58BLAlLE.C
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R58LB1C
RS8LB1C.0O
RS8LB1D
R58LB1D.O
R58LB1E
R58LB1E.O
RS8LB1F
RS8LB1F.O
RSBLB1G
RSBLB1G.O
RSBLB2B
RSBLB2B.O
R5B8LB2C
RS8LB2C.O
RS8LB2D
RS8LB2D.O
RSBLB2E
RS8LB2E.O
R58LB2F
RS8LB2F.O
RS8LB2G
R58LB2G.0O
R58LB3B
R58LB1B.O
RS8LBIC
R58LBIC.0O
R58LBID
R58LB3D.O
RSSLBIE
RS8LBIE.O
RS8BLB3F
RSSLB3F.0
RS8BLB3G
RSBLB3G.O
RSBLB4B
RS8LB4B.O
RS8LBAC

p R58LB4C.O

R58LB4D
RS8LB4D.O



Waste Package Development Design Analysis
Title: Criticality Evaluation of Degraded Internal Configurations for the PWR AUCF WP Designs

Document Identifier: BBA000000-01717-0200-00056 REV 00 Page 109 of 113
RSELBAE 10,122 08-05-97 1:07p RS8LBAE
RS8LBAE © 196,500 08-05-97 1:07p RSBLB4E.O
R58LBAF 10,128 08-05-37 1:07p R5S8LBAF
RS8LBAF O 196,353 08-05-97 1:07p R58LB4F.O
R58LB4G 10,119 08-05-97 1:07p R58LB4G
RS8LB4G O 196,503 08-05-97 1:07p R58LB4G.O

\MCNPcaseg\Sect7-7\Tab772-5
C58M10B 10,373 07-15-97 10:26a CSBM10B
CSHHO8B 10,375 07-15-97 10:26a CSBHO8B
c58H08C 10,345 07-15-97 10:26a CSBHOEC
CSBHOBD 10,343 07-15-97 10:26a CSBHOSD
C58HO8E 10,280 07-15-97 10:26a CS8HOBE
C58HOBF 10,281 07-15-97 10:26a C58HO8F
CS8HOBG 10,281 07-15-97 10:26a C58H08G
C58H0BH 10,282 07-15-97 10:26a CS58HO08H
C58H08I 10,282 07-15-97 10:26a CS58HO08I
CS58H10A 10,372 08-05-97 1:24p CS8H1O0A
C58H10B 10,375 08-05-97 1:24p CS8H10B
C58H10C 10,343 08-05-97 1:24p CS8H10C
C58H10D 10,342 08-05-97 1:24p CSBH10D
CSBH10E 10,276 08-05-97 1:24p CSBH10E
CS5BH10F 10,277 08-05-97 1:24p CS5BRIOF
CSBH10G 10,279 08-05-97 1:24p CS58H10G
CSBH10H 10,279 08-05-57 1:24p C58H10H
CSBH10I 10,281 08-05-97 1:24p C58H10I
CS58H13A 10,373 07-15-97 10:29a CS8H13A
CS58H13B 10,374 07-15-87 10:29a C58H13B
C58H13C 10,343 07-15-97 10:2%a C58H1IC
C58H13D 10,342 07-15-97 10:25%a CS58H13D
CS58H13E 10,279 07-15-97 10:2%a CS8BH13E
C58H13F 10,279 07-15-97 10:29a CS8HI13F
C58H13C 10,278 07-15-97 10:2%a C58H13G
CS58H13H 10,279 07-15-97 10:29a CSBH13H
C58H131 10,277 07-15-97 10:29a CSBH113I
CS58L13A 10,376 .08-05-97 1:24p CSBLI13A
C58L13B 10,377 08-05-97 1:24p CS8L13B
CSBL13C 10,343 08-05-%7 1:24p CS8LI13C
C58L13D 10,344 08-05-97 1:24p CS5S8L13D
CS8L13E 10,281 08-05-97 1:24p CSSL13E
C58L13F 10,280 08-05-97 1:24p CS58L13F
C58L13G 10,281 08-05-97 1:24p C58L13G
C58L13H 10,281 08-05-97 1:24p CS8L13H
C58L1312 10,281 08-05-97 1:24p CS5B8L13I
C58M08A 10,378 07-15-97 10:26a C58MOBA
Cc58M08B 10,378 07-15-97 10:26a C58M08B
C58M0BC 10,346 07-15-97 10:26a CS8MO8C
CS5BMOBD 10,338 07-15-97 10:26a CS8MO8D
C5BMOBE 10,283 07-15-97 10:26a CS8MOS8E
Cc58M0O8F 10,282 07-15-97 10:26a CS8MOBF
CSBMO8G 10,283 07-15-97 10:26a CSBMO8G
C58M08H ) 10,281 07-15-97 10:26a C58MO8H
c58M081 10,274 07-15-97 10:26a C58M08I
C58M10A 10,374 07-15-97 10:26a C58M10A
C58HO8A 10,367 07-15-97 10:26a C58H08A
C58M10¢C 10,344 07-15-97 10:26a CS8M10C
C5BM10D 10,344 07-15-57 10:26a CS8M10D
CSBM10E 10,280 07-15-57 10:26a CS58M10E
CSBM10F 10,276 0©07-15-57 10:26a C58M10F
C58M10G 10,279 07-15-97 10:26a C5BM1DG
C58M10H 10,278 07-15-97 10:26a CSBM10H
C58M101 10,279 07-15-97 10:26a CSBM10I
C58M13A 10,371 08-05-97 1:24p CS58M13A
c58M13B 10,373 08-05-97 1:24p CS8M13B
CS8M13C 10,338 08-05-97 1:24p CS8M13C
C58M13D 10,339 08-05-97 1:24p C58M13D
CSBM13E . 10,276 08-05-97 1:24p C58MI13E
CSBM13F 10,277 08-05-97 1:24p CS8M13F
C58M13G 10,276 08B-05-97 1:24p CS8M13G
CS8M13H 10,277 08-05-97 1:24p CSBM13H
CS8M131I 10,278 08-05-97 1:24p CS5BM13I
C58H08I © 198,232 07-15-97 10:26a CSBH0BI.O
C58M13H O 198,006 08-05-97 1:24p C58M13H.O
C58M13G O 198,273 08-05-97 1:24p C58M13G.O
CS8M13F O 198,315 08-05-97 1:24p C58MIIF.0O
CS8M13E O 198,146 08-05-97 1:24p CS8ML13E.O
C58M13D O 200,897 08-05-97 1:42p C58M13D.0O
c58M13C O 199,373 08-05-97 1:24p CS58M13C.0
C58M13B © 200,095 08-05-97 1:24p C58M13B.O
C58M13A © 200,114 08-05-97 1:24p C58M13A.0
C58M101 © 198,202 07-15-97 10:26a C58M10I.0
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C58M1CH
C58M10G
C58M10F
C58M10E
C58M10D
C58M10C
CS8M10B
CS8M10A
C58M081
CS8MO8H
CS8M08G
C58MO8F
CS8MOBE
C58M08D
C58M08C
C58M08B
CS8MO08A
CS58L13I
C5BL13H
CSBL13G
C58L13F
CS8L13E
C58L13D
C58L13C
C58L13B
C5BL13A
C58H131
C58H13H
C58H13G
C58H1IF
C58H13E
C58H13D
C58H13C
CS58H13B
CSBHL13A
CSBH10IX
C5BH10H
CS58H10G
CS58H10F
C58H10E
CSB8H10D
CSBH10C
C58H10B
C58H10A
C58M131
C5B8HOBH
CS8HO8G
C58HO8F
CSBHOSBE
CSBHOBD
CS58HOBC
C58HOBR
CS8HOBA

C33M10C
C33H08B
C33H08C

C33HO08D .

C33HO8E
C33HOS8F
C33HO8G
C33HOBH
C33HOBI
C33H10A
C33H10B
C3I3K10C
C33K10D
C33H10E
C33H10F
C33H10G
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198,180
198,183
198,180
187,950
199,346
199,346
200,069
200,160
198,006
198,153
158,210
198,033
198,180
199,377
199,219
200,111
193,964
198,082
198,006
198,036
199,549
197,859
199,376
199,704
195,964
200,163
198,180
198,168
198,153
198,006
197,859
199,625
199,373
200,084
200,107
158,112
188,342
158,281
198,280
197,886
199,618
199,366
200,111
199,994
158,342
198,056
198,351
198,381
198,259
199,538
199,648
200,239
200,141
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07-15-97
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10:26a
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10:26a
10:26a
10:26a
10:26a
10:26a
1:24p
1:24p
1:24p
1:42p
1:24p
1:24p
1:24p
1:24p
1:24p
10:2%a
10:2%a
10:29a
10:2%a
10:2%a
10:29a
10:2%a
10:2%a
10:29a
1:24p
1:24p
1:24p
1:24p
1:24p
1:24p
1:24p
1:24p
1:24p
1:24p
10:26a
10:26a
10:26a
10:26a
10:26a
10:26a
10:26a
10:26a

9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a
9:46a

C58M10H.0
C58M10G.0
C58M10F.0
C58MI0E.O
CS8M10D.0
C58M10C.0
C58M10B.0
CS8M10A.0
C58M08I.0
C58M08H.0
C58M08G.0
C58M08F.0
C58M08E.O
C58M08D.0
C58M08C.0O
C58M08B.0
CS5B8MOBA.O
C58L131.0
C58L13H.0
CS58L13G.0
CS5BL13F.O
CSBL13E.O
CSBL13D.0O
CSBL13C.0
CS8L13B.O
CS8L13A.0
CSBH13I.O
CSBH13H.O
C5BH13G.O
C58H13F.0
CS8H13E.O
CS8H13D.O
CS8H13C.0
C58H13B.0
CS8HI13A.0
C58H101.0
C58H10H.0
C58H10G.0
CS8H10F.O
CS8H10E.Q
C58H10D.O
C58H10C.0
C58H10B.O
CS58HI0A.C
CS8M13I1.0
CS8HO8H.O
CS8HOBG.O
CS58HOBF.O
C58H08E.C
CS58HO8BD.O
CS8HOBC.O
CS8HOBB.O
C58HOBA.O

CI3MloC
C3I3HO8B
CI3H08C
C33H08D
C33HO8E
C33HO8F
C3I3HO8G
CI3HO8H
CI3HOBI
C33H10A
C33H10B
C33HI10C
C3IH1O0D
C33H1O0E
C33H10F
C31H10G
C33H10H
C33H101
CI3H13A
C3IHI3B
C33H13C
C33H13D
C33HI13E
C33H13F
C33K13G6
C33H13H
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C33H13I
C33L13A
C33L13B
C33L13cC
C33L13D
C33L13E
C33L13F
C33L13G
C33L13H
C33L131
C33M0BA
CI3M08B
C33MOBC
C33M0BD
C33IM0BE
C33MO8F
C33M08G
C33M08H
C33M0BI
C33M10a
C33M10B
C33H08A
C33IM10D
C3I3IMIOE
C33M10P
C33M10G
C33M10H
C33IM101
CI3M13a
C3I3M13B
C33M13C
C33M13D
C33M13E
C33MI13IF
C33M13G
C33M13H
C33IM131
C33H10B
C33M13H
C33M13G6
C33MLI3F
C3I3MIZE
C33M13D
C33M13C
C33M13B
C33M13A
C33M10I1
C33M10H
C3I3IM1I0G
C33MI0F
C33M10E
C33M10D

€33iM10C

C33IM10B
C3IM10A
CI3M08I
C3I3MO8H
C33M08G
C33M08F
C33M08E
C33M08D
C33M08C
€33mM08B
C33M0BA
C33L13I
C33L13H
C33L13G
C33L13F
C33L13E
C33Lllo
C33L13C
C33L13B
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C33H131
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C33H13F
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C33H13B
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9,437
9,536
9,537
9,503
9,504
9,441
9,440
9,441
9,441
9,441
9,538
9,538
9,506
9,502
9,443
9,442
9,443
9,441
9,438
9,534
9,533
9,531
9,504
9,440
9,436
9,439
9,438
9,438
9,531
9,533
9,498
9,499
9,436
9,437
9,436
© 9,437
9,438
179,098
176,132
174,668
175,041
176,321
177,508
177,404
176,534
176,560
176,335
176,406
175,014
176,410
175,143
178,759
178,619
178,413
176,591
175,014
174,867
176,292
175,040
176,528
177,774
177,309
176,323
176,548
176,437
176,583
174,769
175,014
176,407
177,801
177,800
176,712
176,560
174,865
174,894
177,430
176,187
176,189
177,654
177,703
176,591
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/*bumrich.c program to tabulate enrichment-burnup statistics for a

* range of kinf. This requires a calculation of kinf as a function of age,

* burnup, and initial enrichment. In particular, this version prints a table for .

* each kinf bin above some limit The values in each kinf table are the number of

* assemblies for the enrichment corresponding to the column and the bumup

* corresponding to the row. In this version the kinf bin width is 0.01,

* the enrichment bin width is 0.1; and the bumup bin width is | GWd/MTU.

* Since there is no regression for kinf developed yet for BWR SNF, This evaluation
* methodology is presently applicable to PWR only. */

#include <string.h>

#include <stdlib.h>

#include <stdio.h>

#include <math.h>

#include <malloc.h>

#include <string.h>

#include <ctype.h>

#define KINFS 30  /*number of kinf intervals ¥/
#define RICHS 70 /*number of enrichment intervals */
#define BURNS 70 /*number of burnup intervals  */

float getfloat(};

int getint();

FILE *ferr;

long int numassy=0./*Counts total assemblies processed (PWR, Ist repository)*/
richcount{RICHS],/*Counts assemblies in each enrichment bin */
burncount{BURNS],/*Counts assemblies in each burnup bin *
burmnrichcountfBURNS][RICHS),/*Counls assy in each combined bumup-enrichment bin*/
allcount{BURNS][RICHS][KINFS]./*Assy in each combined burnup-kinf-enrich bin*/

void main()
{int i,j.k=0,ndyr./*Yr of discharge from reactor; not used*/
npyr, /*Yr delivered to the repository; not used*/

na, /*number of assy In this batch */

nb, /*index for burnup bin */

nk, /*index for kinf bin ¥

nr; /*index for enrichment bin *
float b, /*burnup for this batch of SNF *

w, /*total MTU in this batch *

a, /*Enrichment for this batch */

c, /*Age since dschg, set to 10 yrs ¢/

kinf,/#Neutron multiplication factor for an infinite lattice of this assy type*/
wtotal=0; /*Total mass of this batch; Not used in this version*/
FILE *fout,  /*Output for this run*/
*fin; /*Input: ETA commercial SNF history and forecast;
processing by WSM for format only*/
char buffer[300], /*temporary for n:admg input file */
type, /*BorP
mame{30]; /% Name of reactor site (not used this version)*/
if ({fin=fopen("data.in","r"))==NULL)}
{printf("Can't open input file\n");exit(0);)
fout=fopen("burnrich.out”,"w");
ferr=fopen("junk.cut","w"}; /*To record anomalous assemblies*/
c=10; /*arbitrary age for all SNF %/
while(fgets(buffer,300,fin)}=NULL)
{w=getfloat(buffer,21,10); /*Total MTU in this batch ~ */
b=getfloat(buffer,51,10); /*Burnup in MWd/MTU */
ndyr=getint(buffer,71,8); /*Year of discharge from reactor (not used)*/
npyr=getint(buffer,215,4); /*Year of delivery to repository (not used)*/
type=buffer[123]; /*BWR or PWR (Ist character) */
na=getint(buffer,31,10); /*number of assemblies this batch */
a=getfloat(buffer,41,10); /*initial enrichment */
stmcpy(mame,buffer+1,20); /#reactor name (not used) ¥/
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mame[20]="0';

if(type="P") /*Process PWR only */
{wtotal+=w; /*Increment total MTU processed */
numMAassy+=na; /*Increment number of assemblies processed */
b/=1000; /*Bumup reduced to GWd/MTU (for use in regression)*/

kinf=1.06-.01*b-.002*c+.114*a+.00007081*b*b+.00007565*c*c
-.007*a*a-.0002671*b*a-.0001145*b*c+.0002318*c*a+
.000009366*b*c*a; /*Regression from ORNL study */
if (kinf>=1.00) /*Tabulate only for 10 yr age kinf>1 %/
{nr=a*10; /*Group enrichment in 0.1% bins */
nb=b; /*Group burnup in | GWd/MTU bins */
nk=100*(kinf-1.00);/*Group kinf in 0.01 bins, and shift min value to 0.01*/
if(nk>=KINFS-1)nk=KINFS-1,/*Truncate kinf values at 1.30*/
if((nr<0)(nb<0)lnk<0)) /*no negative bin indices allowed*/
{ fprintf(ferr,"assay=%f burnup=%f kinf=%f\n",a,b kinf);
printf("Negative parameter index\n");
exit(0);}
else
{if(nr<10) nr=10; /*floor on enrichment = 1.0 */
if(nr>50) nr=50; /*ceiling on enrichment = 5.0 %/
richcount[nr]+=na; /*Increment bin counts, also next 3 statements */
bumcount{nb]+=na;
bummrichcount[nb}{nr]j+=na;
allcount[nb]{nr][nk]+=na;}})}
for(i=0;i<KINFS;i++)  /*One table for each kinf bin */
{fprintf(fout,"\n\nKinf=%f\n\n",1 00+(float)i/100); /*table header*/
fprintf(fout,"%3s",” ");/*blank in col header row to leave room for row label*/
for(k=10;k<=50:k++) fprintf(fout,"%5d" k}); /*column labels*/
fprintf(fout,"\n");  /*start table, after row of column headers */
for(j=0;j<BURNS;j++)
{fprintf{fout,"%3d",j); /*label for cach row of this table®/

for(k=10;k<=50;k++)fprintf(fout,"%51d",allcount(j1{k][i]);/*Element values for

each column of this row®/
fprintf(fout,\n");}}} /*End row *f

float getfloat(string, start, length) /*Extract floating point from buffer */
char string(300]; :

int start,length;

{char temp[20];

inti;

for(i=start;i<start+length;i++) temp[i-start)=string(i};

temp{length)=\0';

return(atof(temp)); }

int getint(string, start, length) /*Extract integer from buffer */
char string[300];

int start,length;

{char temp[20];

int i;

for(i=start;i<start+length;i++) templi-start)=string[i];
temp{length}=\0';

return(atoi{temp)); )
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50 CLS
CLEAR

'AMIGO - This program gets nuclide concentrations in grams
‘from summarized origin-s output for 30 principal isotopes

‘and creates desired MCNP input files using a user created
"MCNP template file, The template file must have a FUELTOT
in the cell card where the total number density for the fuel
‘region is to be located, and a FUELNUM in the material card
'where the number densities for the 30 isotopes are to be placed.

‘dimension variables -
DIM is0$(30) '29 principl isotopes + oxygen

DIM grams(30, 100)  'gram concentraions of 30 isotopes at 100 different decay times
DIM numden(30, 100) 'number densities of 30 isotopes at 100 different decay times

DIM total(100) “total number density of 30 isotopes at 100 different deay times
DIM MW(30) "atomic weights of the 30 isotopes

DIM time(100) "100 decay times

DIM MCNPID$(30) ‘MCNP IDs for 30 principal isotopes

30 principal isotopes, their atomic weights, and MCNP IDs

iso$(1)=" o 16" MW(1) = 15.994915# MCNPIDS(1) = "8016.50C"
iso$(2)=" mo 95 ": MW(2) = 94.905839#: MCNPID$(2) = "42095.50C"
iso$(3) =" rulll ": MW(3) = 100.905576#: MCNPIDS(3) = "44101.50C"
iso$(4) =" 1c 99 ": MW(4) = 98.9062749#: MCNPIDS(4) = "43099.50C"
iso$(5) =" rh103 ": MW(5) = 102,90551 1#: MCNPID$(5) = "45103.50C"
iso$(6) =" agl09 ": MW(6) = 108.904756#: MCNPID$(6) = "47109.50C"
iso$(Ty=" nd143 ": MW(7) = 142.909779%: MCNPIDS$(7) = "60143.50C"
iso$(8) =" nd145 ": MW(8) = 144.912538#: MCNPIDS$(8) = "60145.50C"
iso$(9) =" smld7 ": MW(9) = 146.914867#: MCNPID$(9) = "62147.50C"
iso$(10) =" sm149 " MW(10) = 148.91718#: MCNPIDS$(10) = "62149.50C"
iso$(11) =" sml50": MW(11) = 149.917276#: MCNPIDS$(11) = "62150.50C"
iso$(12) =" sml51 " MW(12) = 150.919919%#: MCNPID$(12) = "62151.50C"
iso$(13) =" smi52 ": MW(13) = 151.919756#: MCNPID$(13) = "62152.50C"
iso$(14) =" eul51": MW(14) = 150.919838#: MCNPID$(14) = "63151.55C"
iso${15) =" eul53": MW(15) = 152.921242#. MCNPID$(15) = "63153.55C"
iso$(16) =" gd155": MW(16) = 154.922662# MCNPIDS$(16) = “64155.50C"
iso$(17y=" 1233 ": MW(17) = 233,039522#: MCNPID$(17) = "92233.50C"
is0$(18) ="  u234": MW(18) = 234.040904#: MCNPIDS$(18) = "92234.50C"
iso$(19) =" 1235 ": MW(19) = 235.043915#: MCNPID$(19) = "92235.50C"

i50$(29) ="  am242m™ MW(29) = 242.059502#: MCNPID$(29) = "95242.50C"
iso$(30) =" am243 ": MW(30) = 243.061367#: MCNPIDS$(30) = "95243.50C"

is0$(20) =" u236 ": MW(20) = 236.045637#: MCNPID$(20) = "92236.50C"
iso$(21) =" w238 ": MW(21) = 238.05077#: MCNPID$(21) = "92238.50C"
iso$(22) =" np237 ": MW(22) = 237.048056#: MCNPID$(22) = "93237.55C"
is0$(23) =" pu238 ": MW(23) = 238.0495] 1#: MCNPID$(23) = "94238.50C"
iso$(24) ="  pu239 *: MW(24) = 239.052146#: MCNPID$(24) = "94239.55C"
iso$(25) =" pu240 ": MW(25) = 240.053882#: MCNPID$(25) = "94240.50C"
iso$(26) =" pu24l ": MW(26) = 241.056737%: MCNPID$(26) = "94241.50C"
iso$(27)=" pu242 ": MW(27) = 242.058725#: MCNPID§(27) = "94242.50C"
is0$(28) =" am241 ": MW(28) = 241.056714#; MCNPIDS$(28) = "95241.50C"

' other vaxjiablcs used

n=30 ‘total number of principal isotopes

tcount = 1 ‘counter for number of times read

UO2mass = 526380 'mass of UO2 per B&W15x15 fuel assembly
Na =.602252 "Avagadro’s number

UO2dens = .96 * 10.96 '96% theoretical UO2 density in grams/cm*3

* Enter name of input and output files

-1
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l

INPUT "Enter ORIGEN-S output summary file name"; file$
OPEN file$ FOR INPUT ACCESS READ AS #1

"locate start of isotope list

Find start of a ORIGEN-S grams table in summary output and get first set of times

DO UNTIL LEFTS(stant$, 20) =" charge”
LINE INPUT #1, start$
LOOP
columns = (LEN(start$) / 10)  'determine number of columns in table
FOR i = 3 TO {columns - 1) ‘get times starting at fourth column
time(tcount) = VAL(MIDS(start$, i * 10 + 2, 7))
IF MIDS$(start$, i * 10 + 10, 1) = "d" THEN
time(tcount) = time(tcount) / 365.25  ‘convert days to years
END IF
tcount = tcount + |
NEXT i

'Get isotope grams from first table

DO UNTIL LEFTS$(Linc$, 21) =" initial”
LINE INPUT #1, Line$
FORi=1TOn * Check to see if line has isotope that is on the list

IF iso$(i) = LEFT$(Line$, 11) THEN
FOR j = 3 TO (columns - 1) ‘get grams starting at fourth column
grams(i, j - 2) = VAL(MIDS(Line$, j * 10 +2, 10))
NEXT j
ENDIF
NEXT i
LOOP

*Load in times and gram concentrations from remaining tables in output
DO UNTIL EOF(1)
columns = (LEN(Line$)/ 10)  'determine number of columns in table
jtcount = tcount )
Newtable$ = LEFT$(Line$, 31)
FOR i = 2 TO (columns - 1) ‘get times starting at third column
time(tcount) = VAL(MID$(Line$, i ¢ 10 + 2, £)))
IF MID$(Line$, i * 10 + 10, I} = "d” THEN
time(tcount) = time(count) / 365.25  'convert days to years
END IF
tcount = tecount + 1
NEXTi

August 5, 1997

DO UNTIL (LEFT$(Line$, 21) =" initial” AND LEFT$(LineS$, 31) < Newtable$) OR EOF(1)

LINE INPUT #1, Line$
FORi=1TOn ' Check to see if line has isotope that is on the list
IF iso$(i) = LEFT$(Line$, 11) THEN

FOR j =2 TO (columns - 1) 'get grams starting at third column

grams(i, itcount + j - 2) = VAL(MID$(Line$, j * 10 + 2,10

NEXT j
END IF
NEXT i
LOOP
LOOP

CLOSE #1

‘Calculate number densities (in atoms/b-cm) for each isotope at each time
PRINT "Enter mass of material in fuel region in grams ["; UO2mass; "1
INPUT 25

IF z$ < "" THEN
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z = VAL(zS)
IF z < 0 THEN UO2mass = z
END IF
FORi=1TO wcount- |
numden(l, i) = .046947 'O-16 has constant number density at all times
total(i) = numden(l, i)
FORj=2TOn
numden(j. i) = (grams(j, i} / UO2mass) * UO2dens * Na / MW(j)
total(i) = total(i) + numden(j, i)  ‘add number density to total
NEXTj
NEXTi
PRINT “Number Densities are available for the following times (#5 1 to *; (tcount - 1); "):"
PRINT -
FORi=1TOtcount - |
PRINT" " i;"-" time(i); "years",
NEXT i
100  PRINT "Enter time range for MCNP inputs using the format start#,end#"
INPUT "(enter same # twice for a single time)"; startnum, endnum
IF (startnum > (tcount - 1)) OR (endnum > (tcount - 1)) OR (startnum < 1) OR {endnum < 1) THEN
PRINT "Starting or ending number outside of range! Select again.”
GOTO 100
END IF

' Build MCNP input files

150 INPUT "Enter MCNP input template file name"; tempfile$
INPUT “Enter first 5 characters of MCNP input files to be created"; outfile$
FOR i = startnum TO endnum
OPEN tempfile$ FOR INPUT ACCESS READ AS #]

‘Set file name decay time designator
SELECT CASEi
CASE 20
x$ ="a"
CASE 21
x$ ="b"
CASE 23
x$ = "c"
CASE 24
x$ ="d"
CASE 25
x$="e"
CASE 26
x$="f"
CASE 30
x$="g"
CASE 37
x$="h"
CASE 39
x$="i"
CASE 45
x$="}"
CASE ELSE
x$ = LTRIM$(STRS(i))
END SELECT :
z$ = outfile$ + x$
OPEN z$ FOR OUTPUT ACCESS WRITE AS #2
DO UNTIL EOF(1)
LINE INPUT #1, Line$
IF VAL(LEFT$(Line$, 1)) < 0 THEN
outline$ = Line$
linelen = LEN(Line$)
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FOR j =1 TO (linelen - 7)
chunk$ = MID$(LineS$, j, 7)
IF chunk$ = "FUELTOT" THEN
PRINT Line$
leftline$ = LEFT$(Line$, j - 1)
rightline$ = RIGHT$(Line$, (linelen - 7 - j))
outline$ = leftline$ + STR$(total(i)) + rightline$
ENDIF
NEXT j
PRINT #2, outline$
ELSEIF LEFT$(Line$, 1) = "M" THEN
flag=0
outline$ = Line$
linelen = LEN(Line$)
FOR j = 1 TO (linelen)
chunk$ = MIDS$(Line$, j, 7)
IF chunk$ = "FUELNUM" THEN
PRINT Line$
leftline$ = LEFT$(LineS$, j - 1)
rightline$ = MID$(Line$, j + 7) )
outline$ = leftline$ + MCNPIDS$(1) + ™ " + STR$(numden(l, i)) + rightline$
flag=1
PRINT #2,"C  "; file$; " "; time(i); " years decay"
ENDIF
NEXT j
PRINT #2, outline$
TF flag = 1 THEN
FORj=2TOn
IF numden(j, i) < 0 THEN
PRINT #2," ", MCNPID$(j); " “; numden(j, i)
END IF
NEXTj
ENDIF
ELSE
PRINT #2, Line$
ENDIF
LOOP
CLOSE #1
CLOSE #2
NEXT i
PRINT "MCNP input files created. Process another template file(y/n)?"
DO
z$ = INKEYS
LOOP UNTIL z$ < "
IF z§ = "y" OR z$ = "Y" THEN
CLS
GOTO 150
ENDIF .
PRINT "Process another ORIGEN-S file(y/n)?"
DO
z$ = INKEY$
LOCPUNTILz$ & ™
IFz$ ="y" OR z§ ="Y" THEN
CLS
GOTO 50
ENDIF -
END
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% Full 21 PWR WP Vad Space Occupied by Fe203

Uniformly Distributed

Theoretical Density
17.15% 26.39%
9.99% 15.37%
27.15% 41.76%
0.00% 0.00%
5.69% 8.75%
32.83% 5051%

% of 4th row filled 24.26%

% of 5th row filled 0.00%

rods in Ath row covrd 3

rods in 5th row covrd 0

Seltled to Botlom of WP

65% Theoretical 60% Theoretical 58% Theoraticl 55% Theoretical

28.59% 29.58%
16.66% 17.23%
45.24% 46.81%
0.00% 0.00%
9.48% 9.81%
54.72% 5661%
48.42% 59.25%
0.00% 0.00%
7 8

0 0

31.19%|
18.17%
49.36%!

0.00%|
10.94%

59.70%)
76.98%)

0.00%
1 i

Nots hat & rod row is conservatively not considersd covered uniess R is ully covered

No. Fuel Rod % of Assembly
Rows Covered Covered
1 6.67%
2 13.33%
3 20.00%
4 26.67%
S 33.33%)|
] 40.00%|
7 48.67%]
8 53.33%]
9 60.00%
10 66.67%)|
1t 73.33%)]
12 80.00%!
13 86.67%]
14 93.33%;
15 100.00%|

NO. KSSYS Amount of ron Removed By Flow
55 1 water Solubliity of fon - Oxidizing Acidic J-13 Concditions 2.47E-04 molas/ler
155 2818101818 oxide/water Sohbilty of kron - Oxidizing Neutral J-13 Conditions 3.45E-10 molasler
Solubiity of fron - Raducing Acidic J-13 Conditions 5.05E-03 molesMiter
_ . Solublity of iron - Raducing Neutral J-13 Conditions B.77E05 moles/Mer
Void (mA3) No. Assys. % Void 10%
Lower Hall 2526 13 48.29%;
Upper Hall 2931 ] 53 TN
Total 5.457 0.5 M~y
Void Space in Row § 0977 3 17.90%)] 20 mrdyr
Void Space in Row 4 0.951 5 17.42% 20 mryr
Void Space at top 1.004 10.39% R 1A75 m3hr
Voluma% Oxide
: 10000 20000 S000 100000 100k voi% 2.5x 100k vol%
Cyfinder Segment Volume Caicutation Connolidated (Oxidizing Acidic J-13 Condiions 364.325 726.65 1821.623 3643.25 1% 3%
Geomaetry Calcuistions 1op of 41 row up 1op of 5th row up Rods Onddizing Neutrad J-13 Condiions 0.000509 0.001018 0.002544 0.005009 0% 0%
[Cyinder Radius om 70495 70495 Reducing Acidic J-13 Conditions TA4BTS 148975 3724375 744415 21% 52%;
[Cytinder Lengih om 4585 458.5 458. Redudng Neutral J-13 Condifone 1293575 250,715 648.7875 1281575 % 1%
yinder Volume o 7156232.196 7158233196 71582331
Segment Volume o3 222345E+08  1.00354E.00  1.70100E
Distance from Canter cm 21.3 42.6  29.983561 xidizing Acidic J-13 Conditions 0.3% 0.862% 155% A10%
xidizing Neutral J-13 Conciions 0.00% Q00% 0.00%  0.00%
Redudng Acidic J-13 Conditions 633% 1267% 3187% 63.U%
Reducing Neutral J-13 Condiions 0.11% 0.22%  0.55% 1.10%
Peak Boron Sorption on Fe203 2.00E-03 malesB/kg Fe203
3.19€-04 malesB/mole Fe203
1.60E-04 malas B/mole Fe
3.18€-05 moles B-10/mole Fe
wi% Boron in SS 1.60%
Mass of Boron in WP 30.11 kg
Moles of Boron in WP 2.79€+00 moles
Moles of Fa in WP 1.18E+05 molea
Peak Moles of B Adsorbed 18.78 moles
Percent of Original B Adsorbed 0.67%

I BV 00AHA 95000-00Z0-L1L10-000000V
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-1

14 ]% of 4t row filed

<IF((P13-3R$27YIRE31>100%,100%..(P13-SRE27YIREI1) [wHF((Q13-$RI27)/SREIN >100%, 100%.(Q13-SRI27VIRSIL

) [=F((R13-$SRE27)/$REI1>100%, 100%., (R13-SA$27)/3RIT)

. 5 e e e - s .
‘ . - — — —_—— —
2
3 % Full 21 PWR WP Vold Space Occupled by Fe203
3 [u y Distributed Settted to Battom of WP

[3_|Theoretical Dentity % Theorotcal 0% Theorstcal 58% Theored 55% Theoret
&,
7 \XK7/30%22 57065 =070.8 =070.58 =07/0.55
s |-<&/sD322 <08/0.65 =06/0.8 =08/0.58 =080 55
» |K30522 -0W0.685 =0%0.8 209/0.58 20055
10 |=K10vsD322 0101065 =0 100.6 2010058 #O10/0.58
11 [K11730822 =011%0.85 #01100.6 ~011/0.58 SO11K0.55
12
13 [=K1V30822 =0130.65 O130.6 SO1340.58 2013055

»IF((S13-SRS27TVERTI1>100%, 104

S % of Sth row filed

= (P14<100%,0%.(P13-$RE27-SRS3 1 $REN)

=iF(R14<100%.0%,(R13-$R$27-$REI 1)/$A$I0)

= (514<100%.0%.(S13-SRS27-3H

-
-
~

N

=
-
o

(@]

od

6 [rods in 4th row covrd <FLOOR(P14°15,1) =FLOOR{Q14°15,1) <FL OOR{R14°15.1) FLOOR(S14"15.1} [

7 |rods In 5th row coved =FLOOR(P15*15,1) «FL.OOR(Q15°15.1) ~FLOOR(R15°15,1) <FLOOR(S15°15.1) e
[0 ~
19 [Nots thal & rod row is consatvatively v Y
20 S

15055 =
[ 72 123+05°5 =022/30822 waler o
23 [=027+0.5°S =02V30822 |cxddeiwaler .0
24
] : =
26 Void (m~3) No. Assys. % Void [«
27 fLower Hat =30$1872-13°30820 13 =P27/3P$29 P
28 Jupper Hat =$03182-8°30%520 8 =P20/8P$29 ~Y
29 |Totad =SUM{PZ7:P28) )
30 |Vold Space in Row § [={040/1000000-3°D20)-R40/1000000 3 ~PAP2D oq
Void Space in Row 4 #P28-(Q40/1000000-3°D20) 5 PIPZY <

2 [Void st op =40/ 000000 PRIPN [=)
3 | (=]

34 i N

35 |Cylinder Segment Volume Caloutalion; Comoiidated -

36 [Geometry Calculations ] of 4#h row of 5th row Rods .

37 [Cyiinder Radiue om =30818° 10072 3031610062 $0318°10072 ]

38 [Cytinder Length om |=30%17°100 =$0817°100 =$0%17-100 =~
39 [Optinder Volume o *0372°036 "RITZRIE *S3742°538

40 |Segrment Voksme amAd ___[=008°(Q37°2° ACOS{O4 1/037){04 1 "SORT(G3772-041°2))}~RIS*(RI7/2° 1°SORT{RI7~2-RAt =538 (53772 ACOS(S4 1/53T)-{54

41 [Distance from Cenier lom w42.672 2.6 29.08356 18818364

4 —

43

“ _

[ 45 [Peak Boron Sorpiion on Fe203 0.002 molestig Fe203

- =E36°0.001-045 molesBimale Fe208
47 w48/2 motea Bimole Fe
« ~Q47°0.190 moles B-10/mote Fe
)

80 [wi% Boron in SS [0.018

81 [Mass of Boron in WP =Q50°F 11 kg
52 |Moles of Boron in WP ~051°1000/EY7 mcles
53 |Moles of Fe in WP wH13 moles
halﬁi:n..o.w: bed =Q53°047 moles
[ 58 [Percwnt of Original 8 54052)

36
s7 moles B10Fe =048°5/(100°Q55)

58 for 5% Boron
() [Trepping in oxide
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Number Densities of Uniform Fe20/Water Mixtures
Vol% FeO2 1001.50C

100%
95%
90%
85%
80%
75%
70%
65%
60%
58%
55%
50%
45%
40%
38%
36%
35%
34%
33%
3I2%
30%
25%
20%
15%
10%

5%
0%

Vol% FeO2 1001.50C

NUMDEN

8016.50C 26000.55C TOTAL Density (g/cc)
0.0000E+00 5.9285E-02 3.9524E-02  9.8809E-02 5.2400
3.3439E-03 5.7993E-02 3.7547E-02  9.8884E-02 5.0280
6.6878E-03 5.6701E-02 3.5571E-02  9.8960E-02 48160
1.0032E-02 5.5408E-02 3.3595E-02  9.9035F-02 4.6040
1.3376E-02 5.4116E-02 3.1619E-02 9.9110E-02 4.3920
1.6720E-02 52824E-02 2.9643E-02 9.9186E-02 4.1800
2.0063E-02 5.1531E-02 2.7666E-02 9.9261E-02 3.9680
2.3407E-02 5.0239E-02 2.5690E-02 9.9337E-02 3.7560
2.6751E-02 4.8947E-02 2.3714E-02 9.9412E-02 3.5440
2.8089E-02 4.8430E-02 22924E-02  9.9442E-02 3.4592
3.0095E-02 4.7654E-02 2.1738E-02  9.9488E-02 3.3320
3.3439E-02 4.6362E-02 1.9762E-02 9.9563E-02 3.1200
3.6783E-02 4.5070E-02 1.7786E-02°  9.9638E-02 2.9080
4.0127E-02 4.3778E-02 1.5809E-02 9.9714E-02 2.6960
4.1464E-02 4.3261E-02 1.5019E-02 9.9744E-02 26112
4.2802E-02 4.2744E-02 1.4228E-02 9.9774E-02 2.5264
4.3471E-02 4.2485E-02 1.3833E-02 9.9789E-02 2.4840
4.4139€-02 4.2227TE-02 1.3438E-02  9.9804E-02 2.4416
4.4808E-02 4.1968E-02 1.3043E-02 9.9819E-02 2.3992
4.5477€-02 4.1710E-02 1.2648E-02  9.9834E-02 2.3568
4.6815E-02 4.1193E-02 1.1857E-02  9.9865E-02 2.2720
5.0159E-02 3.9901E-02 9.8809E-03  9.9940E-02 2.0600
5.3502E-02 3.8608E-02 7.9047E-03 1.0002E-01 1.8480
5.6846E-02 3.7316E-02 5.9285E-03  1.0009E-01 1.6360
6.0190E-02 3.6024E-02 3.9524E-03 .1.0017E-01 1.4240
6.3534E-02 3.4731E-02 1.9762E-03  1.0024E-01 1.2120
6.6878E-02 3.3439E-02 0.0000E+00  1.0032E-01 1.0000

Number Densities for Oxide with Maximum Boron Adsorbed (0.67% of orignal)

8016.50C 26000.55C 5010.50C TOTAL

2.8089E-02 4.8430E-02 2.2924E-02 7.28485E-07 9.9443E-02

58%
33%

4.4808E-02

4.1968E-02 1.3043E-02 4.14483E-07‘ 9.9820E-02

Density (g/cc)
3.4592
2.3992

I "WV 0OAT 9000-00Z0-L1 L10-000000V 9L
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Number Densities for Oxide with Boron in Solution
Vol% FeO2 kg Orig. B in sol. % Orig. B in sol. 1001.50C  8016.50C

58%
58%
58%
58%
58%
58%
58%
58%
58%
58%
33%
33%
33%
33%
33%
33%
3I3%
33%

3333333333488

30.113
22,584
15.056
7.528
3.011
1.506
0.602
0.301
0.151
0.030
30.113
22.584
15.056
7.528
3.011
1.506
0.602
0.301
0.151
0.030
30.113
22.584
15.056
7.528
3.011
1.506
0.602
0.301
0.151
0.030

100.000%
75.000%
50.000%
25.000%
10.000%

5.000%
2.000%
1.000%
0.500%
0.100%

100.000%
75.000%
50.000%
25.000%
10.000%

5.000%
2.000%
1.000%
0.500%
0.100%

100.000%
75.000%
50.000%
25.000%
10.000%

5.000%
2.000%
1.000%
0.500%
0.100%

2.8089E-02
2,8089E-02
2.8089E-02
2.8089E-02
2,8089E-02
2.8089E-02
2.8089E-02
2.8089E-02
2.8089E-02
2.8089E-02
4.4808E-02
4.4808E-02
4.480BE-02
4.4808E-02
4.4808E-02
4.4808E-02
4.4808E-02
4.4808E-02
4.4808E-02
4.4808E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02
6.6878E-02

NUMDEN

4.8430E-02
4.8430E-02
4.8430E-02
4.8430E-02
4.8430E-02
4.8430E-02
4.8430E-02

26000.55C
2.2924E-02
2.2924E-02
2.2924E-02
2.2924E-02
2.2924E-02
2.2924E-02
2.2924E-02

4.8430E-02™" 3:5924E-02

4.8430E-02
4.8430E-02
4.1968E-02
4.1968E-02
4.1968E-02
4,1968E-02
4.1968E-02
4.1968E-02
4.1968E-02
4.1968E-02
4.1968E-02
4.1968E-02
3.3439E-02
3.3439E-02
3.3439E-02
3.3439E-02
3.3439€-02
3.3439E-02
3.3439E-02
3.3439E-02
3.3439E-02
3.3439E-02

2.2924E-02
2.2924E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
1.3043E-02
0.0000E400
0.0000£+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

5010.50C

1.9222E-04
1.4416E-04
9.6108E-05
4.8054E-05
1.9222E-05
9.6108E-06
3.8443E-06
1.9222E-06
9.6108E-07
1.9222E-07
3.0663E-04
2.2997E-04
1.5332E-04
7.6658E-05
3.0663E-05
1.5332E-05
6.1326E-06
3.0663E-06
1.5332E-06
3.0663E-07
4.5766E-04
3.4324E-04
2.2883E-04
1.1441E-04
4.5766E-05
2.2883E-05
9.1532E-06
4.5766E-06
2.2883E-06
4.5766E-07

TOTAL
9.9634E-02
9.9586E-02
9.9538E-02
9.9490E-02
9.9461E-02
9.9452E-02
9.9446E-02
9.9444E-02
9.9443E-02
9.9442E-02
1.0013E-01
1.0005E-01
9.9973E-02
9.9896E-02
9.9850E-02
9.9835E-02
9.9825E-02
9.9822E-02
9.9821E-02
9.9820E-02
1.0077E-01
1.0066E-01
1.0055E-01
1.0043E-01
1.0036E-01
1.0034E-01
1.0033E-01
1.0032E-01
1.0032E-01
1.0032E-01

Density (g/cc)
3.4592
3.4592
3.4592
3.4592
3.4592
3.4592
3.4592
3.4592
3.4592
3.4592
2.3992
2.3992
2.3992
2.3992
2.3992
2.3992
2.3992
2.3992
23992
2.3992
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
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PARTBASK RES. .S

besoHs
M o1,
Uniform Partial Basket 7
SUMMARY OUTPUT
Regression Stalistics
Multiple R 0.995041869
R Square 0.990108321
Adjusted R Square  0.989697723 X Variable 1 Residuat Plot
Standard Error 0.008305465 0.2
Observations 277 0.01 4 r ‘)
- R L K
§ ol :
ANOVA — — 2 o0t 15 20 2258
of S5 MS F___ gnificance F £ 002 P
Regression 11 1.829727825 0.166338893 24113812 1.68E-258 0.03 .
Residual 265 00182799  6.85808E-05 X Variable 1
Totat 276  1.848007725
Coefiicients  Standard Emor t Stat “Pvalue  Lower 95% Upper 95%
Intercept 2.354976387 0.354743738 6.638528414 1.783E-10 1.6565016 3.053451194
X Variable 1 0.006673711 0.001232013 -5.416916546 1.361E-07 -0.0090995 -0.00424793 ariabi Residual
X Variable 2 -1.8096E-05 2.02782E-05 -0.892387815 0.3729947 -5.802E-05 2.18308E-05 Xvi 3 Plot
_ X Variable 3 0.141798128 0.014031672 10.10557599 1.608E-20 O0.1141704 0.169425872 0.02
X Variable 4 -0.007135429 0001699301 -4.19903733 A3.664E-05 -0.0104813 -0.00378958 0.01
X Variable 5 -0.519303857 0.113075297 -4.592549142 6.773E-06 -0.7419441 -0.29666357 i 0 N
X Variable 6 0.059471337 0.011907475 4.994453911 1.072E-06 0.036026 0.082916632 2 o001 é 1
X Variable 7 -0.002240619 0000414146 -5.410213763 1.408E-07 -0.0030561 -0.00142518 2 ol
X Variable 8 -0.005088912 0.000104812 -48.55261 6.55E-134 -0.0052953 -0.00488254 003
X Variable 9 0.074906035 0.001221072 -681.34446422 12BE-158 -0.0773103 -0.0725018
X Variable 10 0010646202 0.000328356 3242271859 3J.212E-94 0.0099997 0.011292721
X Variable 11 -0.000523338 2.37882E-05 -21.99993668 9.892E-62 -0.0005702 -0.0004765
X Variable 8 Resldual Plot X Variable 9 Residual Piot
=
-
o 002 - 3 o® E
EH o + 3 0 ]
3 oo 10 3 o = o002}
2 o4 : 2 oo 003
X Variable 5§

I "BV 00ATA 95000-00T0-L1L10-000000VHE
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611

Settled Partial Basket

PARTBASK RES. .

Resours

?'(1112/77

SUMMARY OUTPUT
Regression Statistics
Muhiple R 0.992865556
R Square 0.985782012
Adjusted R Square  0.984971661
Standard Error 0.00B464755
Observations 205
ANOVA — _ 004
df 5SS M5 F___ sigmhicance F § 0w
Regression 11 0.958801773 0.087163798 12164867 9.72E-172 3 .
Residual 193 001382885  7.16521E-05 3o
Total 204 0.972630623 004
Coefficients__ Standard Enmor T Staf . P-valoe Lower 95% Upper 95%
ercept 1720946107 0.432079673 3.982036976 O.63BE-0S 0.8687423 25731499
X Variable 1 0.00872374 0.001496255 -4.493712738 1.205E-05 -0.0096748 -0.00377263
X Variable 2 -1.666T4E-05 2.46444E05 -0.676314577 0.4996508 -8.527E-05 3.19395E-05
X Variable 3 0133476408  0.01714927 7.783212173 4.189€-13 0.0996524 0.167300429
X Variable 4 0.006049678  0.002077096 -2.912565334 0.0040073 -0.0101464 -0.00195206 0.04 p—
X Variable 5 0312320817  0.138294695 -2.258371641 0.0250414 -0.5850836 -0.03955801 oz} -
X Variable 6 0.037442248 0.014614303 2562027427 0.0111683 0.000618 0.066266478 0
X Variable 7 0.001471468  0.000509727 -2.886773808 0.0043358 -0.0024768 -0.00046612 00
X Variable 8 0.016796768  0.000564584 -20.75067842 5.076E-74 -0.0179103 -0.01568322 aos L
X Variable 9 0.066316014 0001541148 -43.00026023 7.28E-101 -0.0893557 -0.06327638
X Variable 10 0.009403563  0.000391812 24.00021364 7.664E-60 0.0086308 0.010176345
X Variable 11 -0.000460048  2.79796E-05  -16.7639454 1.62BE-39 -0.0005242 -0.00041398
Rod Rows Covered Residual Plot Thickness Residual Plot
0.04 0.0a
0.02 ¢
o2t i 0.01
& + g o e
0.02 s 1 0.0 T2y
0.02
0.04 003
X Variable 8
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UNIFORM RES.._. S

9”7!&}77

Rasiduals

RESOLTS
Uniform Fully Degraded
SUMMARY OUTPUT
Regression Stalistics
Multiple R 0.99641958
R Square 0.99285198
Adjusted R Square 0.992537781
Standard Emor 0.004626123 0.02
Observations 286 ° o0t}
2 0
2
ANOVA 2 °°
a 55 M5 F_ ignificanceF | € 00 1
Regression 12 0811513372 0.067626 3159.95 5.3E-285 0.02
Residual 273  0.005842476 2.14E-05
Total 285 0.817355848
Coefficients__Standard Emror___ 1 Stal___P-value _Lower 95% Upper 95%
Intercept -5.120549974 0.366446592 -13.0981 6.29E-34 -5.85097 -4.40813
X Variable 1 1656153648 0.104182231 15.8967 9.9E41 1.451051 1.861256
X Variable 2 -0.008528523 0.001109171 -7.6891 2.69E-13 -0.01071 -0.00634
X Variable 3 029265999 0.013658923 21.42629 2.03E-60 026577 0.31955
X Variable 4 -0.153971134 0.009819366 -15.6804 595E-40 -0.1733 -0.13464
X Variable 5 0.004670704 0.000306635 1523214 2.43E-38 0.004067 0.005274
X Variable 6 6.8964E-05 2.78252E-05 2478476 0.013799 1.42E-05 0.000124
X Variable 7 -1.63227E-07 2.9327E-07 -0.55658 0.578273 -7.4E-07 4.14E-07
X Variable 8 0067137238  0.003484692 -19.2663 B8.08E-53 -0.074 -0.06028
X Variable 9 0.005360828 0.000336412 15.9353 7.19E-41 0.004699 0.006023
X Variable 10 -0.000408151 6.53331E-05 -6.24723 1.6E-09 -0.00054 -0.00028
X Variable 11 0.007237075 0.000631663 11.45718 4.47E-25 0.005934 0.008481
X Variable 12 -0.005259776 7.8362E-05 -67.1215 1E-171 -0.00541 -0.00511
Oxide Vot% Residual Plot
0.02
s oo f : s
3 0 + + + T 2
® e B B »
L YL 0 s 20 . 25 K
©0.02 :
X Variable 12

X Variable 3
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SETTLED RESU.. 3 ,/,‘/77

III "BV 00AT 95000-00T0-L1L10-000000VHE

RESULTS
Settled Fully Degraded
SUMMARY QUTPUT
Regression Statistics
Muitiple R 0.995550944
R Square 0.991121681
Adjusted R Square 0.990727089
Standard Error 0.009056213
Observations 283
ANOVA —_ ) 008
df SS MS F Significance F oozl .
Regression 12 2472027502 0.206002 2511.764  4.2221E-269 CRPOS N
Residual 270 002214405 B8.2E-05 191
Total 282 2.494171552 3 0010
N _ 002
Coefficients _ Slandard Enor __ tSlat  P-value  Lower 95% Upper 95% 003
Intercept -1.25160B633  0.884870087 -1.41445 0.158381 -2.993730002 0.490513
X Variable t 0.683154458 0.25309973 2.693151 0.00739 0.184854817 1.181454
X Variable 2 -0.006651328 0.001081443 -8.15042 2.77E-09 -0.00878048 -0.00452
X Variable 3 ) 0.26614457 0.014619545 18.20471 7.24E-49 0.237361789 0.204927
X Variable 4 £0.064028158  0.023965951 -2.67163 0.008007 -0.111212028 -0.01684
X Variable 5 0.001926314 0.000751819 2562204 0.010944 0.000448142 0.003406
X Variable 6 -2.67041E-05 2.90459E-05 -0.91937 0.358721 -8.38894E-05 3.05E-05
X Variable 7 6.12197E-07  3.63912E-07 1.682266 0.093673 -1.04269€-07 1.33E-06
X Variable 8 -0.061827644 0.003901712 -15.8463 1.96E-40 -0.069509287 -0.05415
X Variable 9 0.005203523  0.000408744 12.73053 2.14E-29 0.004396784 0.006008
X Variable 10 -0.000136497  8.49922E-05 -1.606 0.109444 -0.000303829 3.08E-05
X Variable 11 0.005084904  0.000888968 5.720004 2.82E-08 0.003334714 0.006835
X Variable 12 -0.140917688  0.001980737 -71.1441 6.4E-177 -0.144817333 -0.13702
Assy. Rows Covered Residual Piot
0.03 —
oo} . - 4 e o
g 0 pe——— e + vt +
o010 05 18 2 28 % 35 4 ’
002 : b i ! » o
o0
X Variable 12

STORMATION A
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(A4

. Partial Basket with boron in solution

BORON

SUMMARY OUTPUT Ln(B10) Residual Plot

Regression Stalistics 0.02 )
Multiple R 0.95703497 2 0011 | ;
R Square 0.994078732 2 oj— 4 —
Adjusted R Square 0.993373819 E o000 2,
Standard Error 0.006760657 Lo
Observations 48 0.2
ANOVA —

df SS MS F significance F
Regression 5 0.322279894 0.084456 1410.2151 1.301E-45
Residual 42  0.001919673 4.57E-05
Total 47  0.324199567
Coefficients _ Standard Error 1 Stat “P-value _ Lower 95% Upper 95% Lower 95.0% Upper 95.0%

intercept 6.37971E-03  0.012681049 0.50309 0.61 75294 -0.019212 0.031971 -0.0192117 0.031971107
X Variable 1 -8.07375E-02  0.006942822 -8.74824 519E-11 -0.074749 -0.04673 -0.07474865 -0.046726279
X Variable 2 2.08433E-02  0.001744647 11.94698 4.284E-15 0.01 73224 0.024364 0.017322424 0.024364106
X Variable 3 -221564E-03  0.000126828 -17.4696 7.092E-21 -0.002472 -0.00196 -0.00247159 -0.001959691
X Variable 4 3.59713E-04 0.00035207 1.021708 0.3127681 -0.000351 0.00107 -0.00035079 0.00107022
X Variable 5 4.23685E-03 0.00112191 3.776465 0.0004944 0.0019727 0.006501 0.001972747 0.006500962

Rows Covered Residual Plot

0.02 T—
-é 0.0t ¥ , '
8 00— , T
[ R .
£ 0019 A %6 e
002 - b L
X Varlable 5

B-SS Thickness Residual Plot

X Varlable 4

I "BV 00AHY 95000-00T0-L1L10-000000VEH

L661 ‘17 Isn3ny




e1-1I

delta k/k for settied fully degraded w/ boron in solution

BORON

“SUMMARY OUTPUT

f-?egression Statistics
Multiple R 0.988368462
R Square 0.976872217
Adjusted R Square 0.973017587
Standard Error 0.019050954
Observations 22
ANOVA _ — . _ -

of SS MS F Significance F
Regression 3 0.275936868 0.091979 253.4282 6.60187E-15
Residual 18  0.006532899 0.000363
Total 21 0.282469768
Coefficients  Standard Emor 1 Stal - P-value  Lower 95% _ Upper 95%
Intercept 2.32558E-02 0.043044893 0.540269 0.595634 -0.087178234 0.113689835
X Variable 1 -3.56383E-02 0.032758847 -1.0879 0.290992 -0.104462179 0.033185493
X Variable 2 1.42821E-02 0.007630414 1.871739 0.077585 -0.001748772 0.030313062
X Variable 3 -1.91685E-03 0.000536617 -3.5721 0.002178 -0.003044241 -0.000789458
Ln{B10) Residual Piot
0.05 o

-

] A 2

3 o0 F L

: o 1w

« 0.05 L P w24t

I "BV 00ATYE 9$000-00T0-L1L10-000000VEY
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p1-I0

(

. QA
SETLOADCUL., & ?
LOADIURVE 7/ N/’ !
Second Fit
SUMMARY QUTPUT
Regression Statistics Bumup Residual Plot
Multiple R 0.995022923 001
R Square 0.990070618 « 0005 |
Adjusted R Square 0.987233651 g
Standard Error 0.004825666 0—
Observations 28 & oo0s® i
o001 L2
ANOVA _ '
at S8 Ms F___ ignificance F
Regression 6 0.048762 0.008127 3489892 6.55E-20
Residual 21 0.000489 2.33E-05
Total 27 0.049251 Enrichment Residual Plot
Coefficients _tandard Err.__t Stat___P-value_Lower 95%Upper 95% 0.0t
Intercept 0.640653056 0.014292 44.82526 2.46E-22 0.610931 0.670375 o
X Variable 1 -0.010291212 0.002021 -5.09198 4.83E-05 -0.01449 -0.00609 g
X Variable 2 0.300169252 0.025446 11.79613 9.98E-11 0.247251 0.353088 é
X Variable 3 -2.54581E-05 7.76E-05 -0.32797 0.748183 -0.00019 0.000136
X Variable 4 -0.049092949 0.00797 -6.15854 4.12E-06 -0.06567 -0.03252
X Variable 5 9.92035E-07 B.98E-07  1.10488 028171 -8.8E-07 286E-06
X Variable 6 0.003645209 0.000781 4.666798 0.000132 0.002021 0.00527

Il WV 00AHY 95000-00Z0-L1L10-000000VEH
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BBA000000-01717-0200-00056 REV 00

Units Definition
pm = 10%m
i Ver; ide P. |
2 2
B5B :=24.13-um B7B :=32.82:ym

i i icl r
MBSB :=456um’  MBT7B i=597-um’

i nCrBi
pB :=6.2.“—“‘3

cm

Assume Boride particles are spherical

¢:= |B6B r=1.50510 ¢ *m
4.z

Average Boride Particle Mass

mB :=%-u~r3-pB mB =885%-10 "' -gm

_B5B+BTB

_MBSB + MB7B

boride.mcd

B

B6B =28.475um_

MB6B = 526.5um’

Assume Boride particles are spherical

MB6B
4-x

Mr = Mr =6.47310 ¢ *m

Max. Boride Particle Mass

MmB:=f;--n-Mr3~pB MmB =7.043-10 ° -gm

Page 1
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BBA000000-01717-0200-00056 REV 00 . boride.med Attachment IV
Time To Boride Particle Oxidation
2

‘ ' 3m 3

Function for determining spherical surface area as a function material mass & density: s(m,p) :=4-x (-——)
4-n-p

Corrosion R4 :=0.01-27pB i :=0.. 10000
Rate yr

Iterating Equation for Average Boride Particle Corrosion

;=0  MBg=mBgm' ~ SA :=B6Byum FB, =1
1
) t+1
v 1 2 -1
MB, - (CR4-SAI-um -l-yr)-gm
MB..,| 5 2
SA = s[[MBi-gm— (CR4‘SAi-pm -l-yr)],pB]-um
i+1
2 -1
LFBH—I MB, - (CR4-SAi-pm -l-yr)-gm

i MB,

Page 2 8/21/97




BBAD00000-01717-0200-00056 REV 00 boride.med
Average Boride Particle RESULTS:

j:=0,5..110
Time Since Fraction of Boride
Exposure (yrs) Particle Remaining
t FBJ.
0 1
5 0.903
10 0.812
15 0.728 N
20 0.65
25 0.577
30 0.51
35 0.449
40 0.393
45 0.341
50 0.294
55 0.252
60 0.214
65 0.18
70 0.15
75 0.123
80 0.1
85 0.079
90 0.062
95 0.047
100 0.035
105 0.025
110 0.018
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lterating Equation for Maximum Boride Particle Corrosion

-1 -2
MB, :=MmB-gm SA, :=MB6B-um

ti+l

MB, - (CR4-SAi-pm2- 1 'yr)-gnf !

s[[MBi-gm- (CR4-SAi-pmz-l-yr)],pB]-um_z

2
MB, - (CR4-SAi-um 1-

o

1
gm

MB,

boride.mcd
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Average Boride Particle RESULTS:

j:=0,25..500
Time Since Fraction of Boride
Exposure (yrs) Particle Remaining

L FB,

0 1
25 0.888
50 0.785
75 0.691
100 0.604
125 0.525
150 0453
175 0.388
200| 0.329
225 0.277
250 0.23
275 ' 0.189
300 0.154
325 0.123
350 0.096
375 0.074
400 0.055
425 0.04
450 0.028
475 0.018
500 0.011
L)
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BEGIN {intable=0}

/0.*, grams/ {intable=1; print $0}
/oasis/ {if (intable) print $0}
/charge/ {if (intable) print $0}
{finitial/ {if (intable) print $0}
/o 16/ {if (intable) print $0}
/mo 95/ {if (intable) print $0}
/rul01/ {if (intable) print $0}
/tc 99/ {if (intable) print $0}
/rh103/ {if (intable) print $0}
/ag109/ {if (intable) print $0}
/nd143/ {if (intable) print $0}
/nd145/ {if (intable) print $0)
/sm147/ {if (intable) print $0}
/sm149/ {if (intable) print $0}
/sm150/ {if (intable) print $0)
/sm151/ {if (intable) print $0)
/sm152/ {if (intable) print $0}
/eu151/ {if (intable) print $0}
feul53/ {if (intable) print $0}
/gd155/ {if (intable) print $0}
fu233/ {if (intable) print $0}
/u234/ {if (intable) print $0}
/u235/ {if (intable) print $0}
fu236/ {if (intable) print $0}
/u238/ {if (intable) print $0}
/np237/ {if (intable) print $0}
/pu238/ {if (intable) print $0}
/pu239/ {if (intable) print $0}
/pu240/ {if (intable) print $0}
/pu241/ {if (intable) print $0}
/pu242/ {if (intable) print $0}
/am241/ {if (intable) print $0}
Jam242m/ {if (intable) print $0}
fam?243/ {if (intable) print $0}
/total/ {if (intable) print $0}
f0.*curies/ {intable=0}
/0.*fraction/ {intable=0}
/0.*element/ {intable=0}

V-1
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=sash parm=‘hal t8,skipcel lwt,skipshipdata’

SAS2H: Babcock Wilcox 15x15, 4.9wtX, 34gwd/mtu burn High Temp
44group latticecell

’

* mixtures of fuel-pin-unit-cell:
¢ den=mass U02/ Volume assembly = 526377.3 g/5.157524E4
uo2 1 den=10.2060 1 975 92235 4.9 92234 0.0433 92236 0.0225 92238 95.0342 end

kr-83 10 1-20 975 end
kr-85 10 1-20 975 end
sr-90 10 1-20 975 end
y-89 10 1-20 975 end
mo-95 10 1-20 975 end
2r-93 10 1-20 975 end
2r-94 10 1-20 975 end
2r-95 10 1-20 975 end
nb-94 10 1-20 975 end
te-99 10 1-20 975 end
rh-103 10 1-20 975 end
rh-105 10 1-20 975 end
ru-101 10 1-20 975 end
ru-106 10 1-20 975 end
pd-105 10 1-20 975 end
pd- 108 10 1-20 975 end
ag-109 10 1-20 975 end
sb-124 10 1-20 975 end
xe-131 10 1-20 975 end
xe-132 10 1-20 975 end
xe-135 10 1-20 975 end
xe-136 101-20 975 end
cs-134 10 1-20 975 end
cs-135 10 1-20 975 end
cs-137 101-20 975 end
ba-136 10 1-20 975 end
1a-139 10 1-20 975 end
pr-1641 10 1-20 975 end
pr-143 10 1-20 975 end
ce-144 10 1-20 975 end
nd- 143 10 1-20 975 end
nd- 145 10 1-20 975 end
pm-147 10 1-20 975 end
pm-148 10 1-20 975 end
nd- 147 10 1-20 975 end
sm-147 10 1-20 975 end
sm-149 10 1-20 975 end
sm-150 101-20 975 end
sm-151 10 1-20 975 end
sm-152 101-20 975 end
gd-155 10 1-20 975 end
ey-153 10 1-20 975 end
eu-154 . 1.0 1-20 975 end
eu-155 101-20 975 end
h2o 3 den=0.6272 1 607.6 end :
arbm-bormod 0.6272 1 1 0 0 5000 100 3 552.6e-6 607.6 end
arbm-zired 6.56 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1.40

40000 98.18 2 1.0 650.0 end

!

' 1050 ppm boron

4 fuel-pin-'cell geometrys:

squarepitch 1.44272 0.936244 13 1.0922 2 0.95758 0 end

' assembly and cycle parameters:

ATTACHMENT VI -

Page 1
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'3
npin/assm=208 fuelngth=360.172 ncycles=1 nlib/cyc=8
printlevel=7 inplevel=2 numztotal=4 end
3 0.63246 2 0.67310 3 0.814 500 2.961
power=7.25 burn=2176 down=3652.5
end
end
=origens
088 a8 26 al1 71 e
188 1 1t
b&w 15x15, 4.9%/34 Decay
338 2101 e
2t
358 0 ¢t
s

5638 0 7 a13 -1 a153 04 e 5t

Part B B&W 15x15, 4.9wtX, 34gwd/mtu decay
per BEW assembly, 0.409 mthm for grams
60** 0 1 90 365.25 730.5 1826.25 3652.5
6588 a25 1001000a461001000e
6t

I

56$8 0 10 a10 7 814 5 al7 b e 57** 10 e 5t

60** 15 20 30 50 100 150 200 250 300 400

6588 225 1 0010002461001000ce

6t

I

568% 0 10 210 10 214 5 a17 & e 57** 400 e 5t

60%* 500 143 243 4+3 6+3 843 1446 1.244 1,44 1.5+4
6583 825 10010002461 001000e

6t

L}

5688 0 10 210 10 a14 5 at7 &4 e S7** 1,544 e 5t

60**  1.6+4 1.7+4 1.8+4 1,944 2,044 2.1+44 2.2+4 2.3+4 2,444 2.5+4
6588 225100100026 1001000e

6t

r

5658 0 10 a10 10 214 5 a17 & e 57** 2.5¢4 e 5t

60%* 3,544 4.5+4 S+4 5.544 644 6.5+¢4 T4 145 245 2,545
6588 825 100 1000a461001000e

6t

’

5688 0 3 a0 10 814 5 ai7 4 e 57** 2,545 e 5t
60%* 345 545 999999

6588 a25 10010008461 001000ce

6t

’

5688 f0 t

end

——
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AUCF-21 BW15x15 Assys, part deg, uniform case, 30X Fe203

noo-—=-n00000

WORNONAONANANAOA2O 20202020 (2] [}
o o 0 x ~ o (=] b [+] ~ o o ° o Noeoecoao

~

O~ OSOOWOWODWOWN
~ o [=) ~0 [+-] ~ o o 0 o

ngn\nnmnmn

Advanced Uncanistered Fuel Waste Package

THICKNESS = 7 mm

CELL SPECIFICATICNS

Assembly Sub-lattices - 1/2 Model

0 1 3 -13 -20 FILL=1 ¢0 -75 0) IMP:N=1

ASSEMBLY LATTICE

1 -2.2720 -61 60 -63 62 IMP:N=1 LAT=1 Usi

FILL=0:3 0:70:0 11 1 1 68661 1 5858661
58 58 64 1 58584621 60621 1

1111 111 $ 1/2 model

FULL ASSEMBLY LATTICE POSITIONS

Code: boron in [B=) all panels [alll, left [i], bottom, [bl, right

WET FULL ASSEMBLY LATTICE B=all

1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 u=58
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=58
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -65 -45 IMP:N=1 FILL=9 U=58
RIGHT SIDE OF ASSEMBLY OUYSIDE LATTICE

1 -2.2720 46 64 &5 IMP:N=1 FILL=10 U=58
TOP OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -64 65 47 IMP:N=1 FILL=11 U=58

WET FULL ASSEMBLY LATTICE B=lbr

1 -2.2720 -46 44 -47 45 INP:N=1 FILL=3é U=60
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=60
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -65 -45 IMP:N=1 FILL=9 U=60
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 46 64 65 IMP:N=1 FILL=10 U=60
TOP OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -84 65 47 IMP:N=1 FILL=19 U=60

WET FULL ASSENBLY LATTICE B=(b

1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U=62
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=B U=62
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -65 -45 IMP:N=1 FILL=9 Us62
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 46 &4 65 IMP:N=1 FILL=18 U=62
TOP OF ASSEMBLY OUTSIDE LATTICE

1 -2,2720 -64 65 47 IMP:N=1 FILL=19 U=62

WET FULL ASSEMBLY LATTICE B=lbt

1 -2.2720 -46 44 -47 45 IMP:N=1 FILL=56 U264
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=64
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -65 -45 IMP:N=1 FILL=D U=64
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 46 64 65 IMP:N=1 FILL=18 U=64
TOP OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -64 65 47 IMP:N=1 FILL=11 U=64

WET FULL ASSEMBLY LATTICE B=[t

1 -2.2720 -46 44 -47 45 [IMP:Ns1 FILL=56 U=
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=66
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -85 -45 INP:N=1 FILL=17 U=66
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 46 64 65 IMP:N=1 FILL=18 U=66
JOP OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -64 65 47 IMP:N=1 FILL=11 U=66

WET FULL ASSEMBLY LATTICE B=lrt

1 -2.2720 -46 &4 -47 45 INP:N=1 FILL=56 =68
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 -44 -64 -65 IMP:N=1 FILL=8 U=68
BOTTOM OF ASSEMBLY OUTSIDE LATTICE

1 -2.2720 64 -65 -45 IMP:N=1 FILL=17 U=68
RIGHY SIDE OF ASSEMBLY OUTSIDE LATTICE

BBAOD0000-01717-0200-00056 REVEO
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89
90
91
92
93
9%
95
96

105

106
107

108
109
110
m

112

1 -2.2720 46 64 65 IMP:N=1 FILL=10 U=&8
TOP OF ASSEMBLY OUTSIDE LATTICE
1 -2.2720 -64 65 47 IMP:N=1 FILL=11 U=48
EMPTY ASSEMBLY LATTICE POSITIONS - Corner Guides and Spacers
BARRIER CELLS
Basket Material-Lid Gap
3 -1.0000 1-20 13 -14 IMP:N=1 $ 1/2 model
76 1 -2.2720 1 2-20 13 -1 IMP:N=1 $ 1/4 model
Inner Barrier
5 -8.4425 1 3 20 -21 -14 IMP:N=1 $ 1/2 model
w 5 -B.4425 1 2 3 20 -21 -16 IMP:N=1 $ 1/4 model
Inner Lid
S -B.4425 1 14 -15 -21 IMP:N=1 $ 1/2 model
78 5 -8.4425 1 2 14 -15 -21 INP:N=1 $ 1/4 model
Gap between Inner and Outer Barrier Lids
3 -1.0000 1 15 -16 -21 IMP:N=1 $ 1/2 modet
9 1 -2.2720 1 2 15 -16 -2 IMP:N=1 § 1/4 model
Gap between Inner and Outer Barriers
3 -1.0000 21 -22 1 3 -16 INP:N=1 $ 1/2 model
80 1 -2.2720 21 -22 1 2 3 -16 IMP:N=1 $ 1/4 model
Outer Barrier
7 -7.8320 22 -26 1 3 -16 [IMP:N=1 $ 1/2 model
81 7 -7.8320 22-2¢ 1 2 3 -16 [INP:N=1 $ 1/4 model
Outer Barrier Lid
7 -7.8320 1-246 16 -7 IMP:N=1 $ 1/2 model
82 7 -7.8320 1 2 -26 16 -17 IMP:N=1 $ 1/4 model
12" of Water around Container
3 -1.0000 24 -25 1 3 -17 INP:N=1 $ 172 model
83 1 -2.2720 264 -25 1 2- 3 -17 IMP:N=1 $ 1/4 model
12" of Water above Container

3 -1.0000 17 -19 1 -25 IMP:N=1 $ 1/2 model
g4 1 -2.2720, 17 -58 1 2 -59 INP:N=1 $ 1/4 model
OUTSIDE WORLD .

0 -1:-3:19:25 IMP:N=0 $ 1/2 model

85 0 -1:-2:-3:19:25 1IMP:N=0 $ 1/4 model

WET PIN LATTICE

1 -2.2720 -26 27 -2B 29 [IMP:N=1 LAT={ UsS54

FILL -8:8 -8:8 0:0 56 16R 56 2 14R 56 58 2 14R 56
56 24R 4 2 2R 4 2 4R 56
56 22R 4 26R 4 2 2R 56 562 14R 56
56 2242242204224 2256

56 2 14R 56

56 2 6R 6 2 6R 56

36 2 14R 56

56 224224220462242256
56 2 14R 56 56 2 2R 4 2 6R 4 2 2R 56

56 2 4R 4 2 2R 4 2 4R 56
56 2 14R 56 56 2 14R 56 56 148
WET FUEL ROD
2 6.982925€-02 -30 -10 IMP:N=1 U=2
4 -6.5600 -30 10 -11 INP:N=1 Us2
3 -1.0006 -30 11 INP:N=1 Us2
1 -2.2720 30 -31 -11 INP:N=1 U=2
1 -2.2720 30 -31 11 INP:N=1 U=2
4 -6.5600 31 -32 -11 IMP:N=9 U=2
1 -2.2720 31 -32 11 IMP:N=1 Us2
1

-2.2720 | 32 IMP:N=1 U=2
WET CONTROL ROD/GUIDE TUBE
3 -1.0000 -33 IMP:N=1 U=4 $ No DCRA Rod
105 9 -7.8300 -33 IMP:N=1 U=4 $ DCRA Rod

1 -2.2720 33 -34 IMP:N=% U=4

1 -2.2720 34 -35 IMP:N=1 Us4 $ No DCRA Cladding
107 4 -6.5600 34 -35 IMP:N=1 U=4 $ DCRA Cladding
1 -2.2720 35 -36 IMP:N=1 U=4

4 -6.5600 36 -37 [IMP:N=1 U=4

1 -2.2720 37 IMP:N=1 U=d

DRY CONTROL ROD/GUIDE TUBE

3 -1.0000 -33 IMP:N=1 Us5 $ No DCRA Rod
11 9 -7.8300 -33 IMP:N=1 U=5 $ DCRA Rod

3 -1.0000 33 -34 [IMP:N=1 Ux5

BBA000000-01717-0200-00056 REVOD  ATTACHMENT VII -
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113 3 -1.0000 34 -35 IMP:N=1 U=5 $ No DCRA Cladding

c M3 4 -6.5600 34 -35 INP:Nail Us5 $ DCRA Cladding
114 3 -1.0000 35 -36 IMP:N=1 Ua5

115 4 -6.5600 36 -37 IMP:N=1 UsS

116 3 -1.0000 37 IMP:N=1 U=5

c WET INSTRUMENTATION TUBE

17 3 -1.0000 -38 IMP:N=1 U=6
118 4 -6.5600 38 -39 INP:N=1 Usé
Mg 1 -2.,2720 39 INP:R=1 U=6
c DRY INSTRUMENTATION TUBE

120 3 -1.0000 -38 IMP:N=1 U=7
121 4 -6.5600 38 -39 IMP:N=1 U=7
122 3 -1.0000 39 IMP:N={ U=?7

c FUEL CELL BASKET STRUCTURE
C Code: boron in (B=] all panels [alll, left (L], bottom, [b], right [rl, top (t]

[ FUEL CELL BASKET STRUCTURE - WET - Borated panels
c WATER GAP - ASSEMBLY LEFT

123 1 -2.2720 52 IMP:N=1 U=38
126 8 -7.7700 -52 IMP:N=1 U=8

c WATER GAP ~ ASSEMBLY BOTTOM

127 1 -2.2720 S3 IMP:N=1 U=9
c SS PANEL - ASSEMBLY BOTTOM

130 8 -7.7700 -53 : INP:N=1 U=9

[ WATER GAP - ASSEMBLY RIGHT

131 1 -2.2720 -54 IMP:N=1 U=10
[+ SS PANEL - ASSEMBLY RIGHY

13 8 -7.7700 54 IMP:N=1 U=10

c WATER GAP - ASSEMBLY TOP

135 1 -2.2720 -5% IMP:N=1 Ux11
c SS PANEL - ASSEMBLY ToOP

138 8 -7.7700 55 IMP:N=1 U=11

C FUEL CELL BASKET STRUCTURE - DRY - Borated panels
c GAP - ASSEMBLY LEFT

139 3 -1.0000 52 IHP:N=1 U=12
c SS PANEL - ASSEMBLY LEFT

142 8 -7.7700 -52 IMP:N=1 U=12

[ GAP - ASSEMBLY BOTTOM

143 3 -1.0000 53 IMP:N=1 U=13
c SS PANEL - ASSEMBLY BOTTOM

146 8 -7.7700 -53 IMP:N=1 U=13

4 GAP + ASSEMBLY RIGHT

147 3 -1.0000 -54 IMP:N=1 U=14
c SS PANEL - ASSEMBLY RIGHT

150 8 -7.7700 54 ) IMP:N=1 U=14

c GAP - ASSEMBLY TOP

15t 3 -1.0000 -55 IMP:N=1 U=15
c SS PANEL - ASSEMBLY TOP

154 8 -7.7700 55 IMP:N={ U=15

C FUEL CELL BASKET STRUCTURE - WET - Unborated panels
[ WATER GAP - ASSEMBLY LEFT

155 1 -2.2720 52 IMP:N=1 U=1§
c PANEL - ASSEMBLY LEFT

158 1 -2.2720 -S52 IWP:N=1 U=16

C WATER GAP - ASSEMBLY BOTTOM

159 1 -2.2720 53 IMP:N=1 U=17
C PANEL - ASSEMBLY BOTTOM

162 1 -2.2720 -53 IMP:N=1 U=17 .
[+ WATER GAP - ASSEMBLY RIGHT

163 1 -2.2720 -54 IMP:N=1 U=18
[ PANEL - ASSEMBLY RIGHT

166 1 -2.2720 54 INP:N=1 U=18

c WATER GAP - ASSEMBLY TOP

167 1 -2.2720 -55 IMP:N=1 =19
C PANEL - ASSEMBLY TOP

170 1 -2.2720 55 INP:N=Y U=19

c FUEL CELL BASKET STRUCTURE - DRY - Unborated panels
c GAP - ASSEMBLY LEFT ]

71 3 -1.0000 52 IMP:N=1 U=20

C PANEL - ASSEMBLY LEFT
176 3 -1.0000 -52 IMP:N=1 U=20
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[ GAP - ASSEMBLY BOTTOM

175 3 -1.0000 53 IMP:N=1 U=21
c PANEL - ASSEMBLY BOTTOM

178 3 -1.0000 -S3 IMNP:N=1 U=21

c GAP - ASSEMBLY RIGHY

179 3 -1.0000 -54 TMP:N=1 U=22
c PANEL - ASSEMBLY RIGHT

182 3 -1.0000 54 IMP:K={ U=22
c GAP - ASSEMBLY TOP

183 3 -1,0000 -55 INP:N=1 U=23
c PANEL - ASSEMBLY ToP

186 3 -1.0000 55 IMP:N=1 U=23

C SURFACE SPECIFICATIONS

™ PX 0.0

3* Pz 0.00

10 PZ 180.0860 $ TOP ACTIVE FUEL

11 Pz 201.2360 $ TOP FUEL HARDWARE

13 P2 228.75 $ TOP OF BASKET MATERIAL
4% Pz 229.25 $ TOP RING/WATER GAP

15 P2 231.75 $ TOP INNER LID

16 PZ 234.75 $ TOP LID GAP

17 PZ 245.75 $ TOP OUTER LID

19 PZ 208.75 $ TOP REFLECTOR REGION
20 CZ 71,095 $ 10 OF INNER BARRIER

21 CZ 73.095 $ OD OF INNER BARRIER

2 €z 73.10 $ 1D OF OUTER BARRIER

26 CZ 83.10 $ 0D OF OUTER BARRIER

25 CZ 113.60 $ 00 OF REFLECYOR REGION
c PIN LATTICE BOUNDS

26 PX 0.72136

27 PX -0.72136

28 PY 0.72136

29 PY -0,72136

C FUEL ROD

30 CzZ 0.468122

31 Cz 0.478790
32 ¢z 0.546100
c CONTROL ROD/GUIDE TUBE
33 CZ 0.45340 $ 0.49022
36 CZ 0.46990 $ 0.50292

35 czZ 0.54610 $ 0.56007
36 CZ 0.62230 $ 0.63246
37 €2 0.67310

c INSTRUMENTATION TUBE
38 cz 0.56007

39 cz 0.6261%

c ASSEMBLY LATTICE BOUNDS Actual

446 PX -10.65 $ ACTUAL 10.82025

45° PY -10.65

46  PX  10.65

47 PY 10.65

52 PX -10.650001 $ UCF Intact Inside Tube ID

53 PY -10.650001 .

54 PX  10.650001

55 PY 10.650001

40 PX -11.000 $ ACTUAL 12.30

61 PX  11.000

62 PY -11.000

63 PY 11.000

c 45 degree planes

66 P 1. -1. 0, 0.

65 P 1: 1. 0.0.

o EXTRA CARDS

MODE N

[ VoL 884

KCODE 4000 1. 7 37

KSRC -4.3 -5.71., -2.8 -5.75. -1.4 -5.7
1.44 -5.7 3, 2.88 -5.78, 4.32-5.7

ATTACHMENT VII -
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-5.7 -4.32. -4.3 -4.31. -2.8 -4.3 5. -1.4 -4,3 10.
0. -4.35. 1.44-4.33. 2.8 -4.3 B. 4.32 -4.3 9.
-5.7 -2.92. -4.3 -2.9 1. -1.4 -2.9 10.
0. -2.95. 2.88 -2.9 8. 4.32-2.0 9.
=5.7 -1.42, 4.3 141, -2.8 -1.4 5. -1.4 -1.410.
0. -1.45. 1.44-1.43, 2.88-1.4 8. 4.32-1.4 9,
-5.7 0.02. -43 0.01. -2.8 0.0 5 -1.4 0.0 10.
1.44 0.03. 2.88 0.0 8. 4.32 0.0 9.
-5.7 1.4 2. ~2.8 1.4 5. -1.4 1.410,
0. 1.6 5. 1.6 1.43. 2.8 1.4 8. 432 1.4 9.
-5.7 2.92. -43 291. -2.8 2.9 5. -1.4 2.9 10.
0. 2.9 5. 1.44 2.93., 2.88 2.9 8. 4.32 2.9 9.
-5.7 4.32. -4.3 4.31. -2.8 4.3 5. -1.4 4.3 10.
0. 4.35. 1.44 4.33. 2.88 4.3 8. 4.32 4.3 9.
c MATERIAL SPECIFICATIONS
c WATER AT 300 X d=1.0000 g/cc w/ 30% Fe203

M1 1001.50Cc 4.6815-2 8016.50C 4.1193-2 26000.55C 1.1857-2
M1 LWTR.OMT
o e49b34.sum 2000 years decey
M2 8016.50C  .044947
T 42095.50C 4.794679E-05
44101.50C  4.354501E-05
43099.50C  4.625092E-05
45103,50Cc  2.408717€-05
47109.50C  3.714096E-06
60143.50C 3.74851E-05
60145.50C 2.799527€-0S
62147.50C  1.138943E-05
62149.50C  1.455085E-07
62150,50C  1.043884E-05
62151.50¢  1.851142E-13
62152.50C  &.59594E-06
63151.55C  B.136066E-07
63153.55C 3.93507E-06
64155.50C  1.686188E-07
92233.50c 2.231592E-08
92234.50C  1.075017€-05
92235.50C  4.76827SE-04
92236.50C 1.417782€-04
92238.50C 2.174501€-02
93237.55C  4.291222E-05
94238.50C 2.04303€-12
94239.55C  1.515774E-04
94240.50C 3.901499E-05
94241.50C  1.802804E-11
94242.50C  7.310671E-06
952461.50C  1.333376E-06
95242.50c 2.531374€-12
95243.50C  1.203514E-06
WATER AT 300 K d=1.0000 g/cc
1001.50C 6.6878-2 8016.50C 3.3439-2
3 LWTR.O01T
ZIRCALOY-4 d=6.56 g/cc
8016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020
40000.50C -0.9818 50000.35C -0.0140
[+ ALLOY 825 d=8.4425 g/cc ) .
M5 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000
16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500
25055.50C -0.5000 26000.55C -5.0000 28000.50C -58.000
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200
15031.50C -0.0150 27059.50C -0.9300
M7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035
16032.50C -0.00035 25055.50C -0.00%90
26000.55¢ -0.98535
[ SS316B&A 1.6% d=7.77 g/cc
MB 5010.50c -0.00288 5011.50C -0.013120
6000.50C -0.00030 7014.50C -0.00100 14000.50C -0.0075
15031.50C -0.00045 16032.50C -0.00030 24000.50C -0.19000
25055.50C -0.02000 26000.55C -0.60445 28000.50C -0.13500
42000.50C -0.02500

Eozge
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AUCF-21 BWiSx15 Assys, part deg, 58% Fe203

MO a0 000
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~ o W &~ w ~n - o 0 (-] ~ o wn &~ W [,V ] — o © @ONocoan

[+ ]
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w

Advanced Uncanistered Fuel Waste Package

THICKNESS = 7 nm

SETTLED CASE - B rous

CELL SPECIFICATIONS

Assembly Sub-lattices - 1/2 Model

0 1 3 -13 -20 FILL=T (0 -75 0) IMP:N=1

ASSEMBLY LATTICE

1 -3.4592 -61 60 -63 62 IMP:N=1 LAT=1 U=1

FILL=0:3 0:70:0 11 1 1 68661 1 5858 66 80
58 58 &4 BO 58 58 62 80 60 62 80 80
80 80 80 56 4R $ 1/2 model

FULL ASSEMBLY LATTICE POSITIONS

BBAD0000G-01717-0200-00056 REVOD

ATTACHMENT VIIL1 -

Code: boron in [B=] all panels {sll), left (L1, bottom, tbl, right [r], top [t]

WET FULL ASSEMBLY LATTICE B=all
1 -3.4592 -46 44 -4T 45 INP:N=1 FILL=57 U=58
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -44 -64 -65 INP:N=1 FILL=8 U=58
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -65 -45 IMP:N=1 FILL=9 U=58
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 46 64 65 IMP:N=1 FILL=10 u=38
TOP OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -64 &5 47 IMP:N=1 FILL=11 U=58
DRY FULL ASSEMBLY LATTICE B=all
3 -1.0000 -46 &4 -47 45 IMP:N=1 FILL=57 U=59
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -44 -64 -65 IMP:N=1 FILL=12 U=5%
BOTYOM OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 &4 -65 -45 IMP:N=1 FIiL=13 U=59
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 46 &4 65 IMP:N=1 FILL=14 U=59
TOP OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -84 65 47 IMP:N=1 FILL=15 U=59
WET FULL ASSEMBLY LATTICE B=lbr .
1 -3.4592 -46 4b -47 45 IMP:Ns1 FILL=57 =60
LEFT SIDE OF ASSEMBLY QUTSIDE LATTICE
1 -3.4592 -44 -64 -65 INP:N=1 FILL=8 U=60
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -&5 -45 INP:N=1 FILL=9 U=60
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 46 64 65 IMP:N=1 FILL=10 U=60
TOP OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -64 65 47 IMP:N=1 FILL=19 U=640
DRY FULL ASSEMBLY LATTICE B=ibr
3 -1.0000 -46 44 -47 45 IMP:N=1 FILL=57 u=61
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -44 -64 -65 IMP:N=1 FILL=12 U=61
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 64 -65 -45 IMP:N=1 FILL=13 U=61
RIGHY SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 46 64 65 IMP:N=1 FIlL=14 U=61
TOP OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -64 65 47 IMP:N=1 FILL=23 Ucél
WET FULL ASSEMBLY LATTICE B=lb
1 -3.4592 -46 44 -47 45 IMP:N=1 FILL=57 Us=62
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -44 -64 -65 IMP:N=1 FILL=8 U=62
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -65 -45 IMP:N=1 FILL=9 U=62
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -3.4592 46 64 65 IMP:Ns=1 FILL=18 U=62
TOP OF ASSEMBLY OUYTSIDE LATTICE
1 -3.4592 -64 65 47 IMP:Ns1 FILL=19 U=62
DRY FULL ASSEMBLY LATTICE B=lb
3 -1.0000 -46 &4 -47 &5 INP:N=1 FILL=57 U=63
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE

3 -1.0000 -44 -64 -65 IMP:N=1 FILL=12 U=63

BOTTOM OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 64 -65 -45 IMP:N=1 FILL=13 U=63

Page 1
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RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 46 64 65 IMP:N=1 FILL=22 U=63
0P OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -64 65 47 INP:N=1 FILL=23 U=63
WET FULL ASSEMBLY LATTICE B=lbt
1 -3.4592 -46 44 -47 45 IMP:N=1 FILL=S7
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -44 -64 -65 IMP:N=1 FILL=8 U=64
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -65 -45 IMP:N=1 FILL=9 U=64
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 46 64 65 IMP:N=l FILL=18 U=64
YOP OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -64 65 47 IMP:N=1 FILL=11 U=64
DRY FULL ASSEMBLY LATTICE B=lbt
3 -1.0000 -46 44 -47 45 IMP:N=1 FILLSS7
LEFY SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -44 -64 -65 IMP:N=1 FILL®12 U=65
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 66 -65 -45 IMP:N=1 FILL=13 U=65
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 46 64 65 IMP:N=l FILL=22 U=65
TOP OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -64 65 47 IMP:N=1 FILL=15 U=65
WET FULL ASSEMBLY LATTICE 8=lt
1 -3.4592 -46 &b -4T 45 IMP:N=1 FILLsS7
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -46 -64 -65 IMP:N=1 FILL=8 U=66
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -65 -45 IMP:N=1 FILL=17 Uxéé
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 46 64 65 IMP:N=1 FILL=18 Us66
TOP OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -64 65 47 IMP:N=1 FILL=11 Usbb
DRY FULL ASSEMBLY LATTICE B=lt
-1.0000 -46 44 -47 45 IMP:N=1 FILL=57
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
-1.0000 -44 -64 -65 IMP:N=1 FILL=12 Uab7
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
-1.0000 &4 -65 -45 IMP:N=1 FILL=21 U=67
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
-1.0000 46 64 65 IMP:N=1 FILLs22 U=67
TOP OF ASSEMBLY OUTSIDE LATTICE
-1.0000 -64 65 47 IWP:N=1 FILL=15 U=67
WET FULL ASSEMBLY LATTICE Bslrt
1 -3.4592 -46 &b -47 45 IMP:N=1 FILLaS7
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 -4& -64 -65 IMP:N=1 FILL=B U=63
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 64 -65 -45 IMP:N=1 FILL=17 U=é8
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
1 -3.4592 46 64 45 IMP:N=1 FILL=10 U=68
TOP OF ASSEMBLY QUTSIDE LATTICE
1 -3.4592 -64 65 47 IMP:Nsi FILL=11 U=68
DRY FULL ASSEMBLY LATTICE Belrt
-1.0000 -46 &4 -47 45 IMP:N=1 FILL=57
LEFT SIDE OF ASSEMBLY OUTSIDE LATTICE
-1.0000 -4% -64 -85 IMP:N=1 FILL=12 U=69
BOTTOM OF ASSEMBLY OUTSIDE LATTICE
-1.0000 64 -65 -45 IMP:N=1 FILLs21 U=69
RIGHT SIDE OF ASSEMBLY OUTSIDE LATTICE
-1.0000 46 64 65 IMP:N=t FILL=Y4 U=69
TOP OF ASSEMBLY OUTSIDE LATTICE
3 -1.0000 -64 65 47 IMP:N=1 FILL=15 Us69

W W W W w

W W W W

BBADODD00-01717-0200-00056 REVOD  ATTACHMENT VIII - Page 2

U=65

u=66

u=67

U=49

EMPTY ASSEMBLY LATTICE POSITIONS - Corner Guides and Spacers

BARRIER CELLS
Basket Material-Lid Gap

IMP:N=1 $ 1/2 model

3 -1.0000 1-20 13 -14
Inner Barrier :
S  -8.4425 1 3 20 -21 -14 IMP:N={1 $ 1/2 model
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c
80

(2]

81

(]

82

ROREORORC

89
90
91
92
93
94
95
96

97
98

100
101
102
103
104

105
106
107
108
109
110

"
112
113
114
115
116

inner Lid

5 -8.4425 1 16 -15 -21

IMP:N=1 $ 1/2 model

Gap between Inner and Outer Barrier Lids

3 -1.0000 1 15 -16 -21

IMP:N=1 $ 1/2 model

Gap between Inner and Outer Barriers

NNNNNNNNNNNNNNA

3 -1.0000 21 -22 1 3 -16 IMP:N=1$ 1/2 model

Quter Barrier

7 -7.8320 22 -26 1 3 -16 1IMP:N=1 $ 1/2 model

outer Barrier Lid

7 -7.8320 1-24 16 -17 IMP:N=1 $ 1/2 model

12" of Water around Container

3 -1.0000 24 -25 1 3 -17 IMP:N=1 $ 1/2 model

12" of Water above Container

3 -1,0000 17 -19 1 -25 IMP:N=1 $ 1/2 model

OUTSIDE WORLD

0 -1:-3:19:25 1[MP:N=0 $ 1/2 model

6 -2.0600 -58 56 -59 57 1MP:N=1 U=80

MIXED PIN LATTICE

3 -1.0000 -26 27 -28 29 IMP:N=1 LAT=1 U=57

FILL -8:8 -8:B 0:0 57 16R
572222222222222225
§72222222222222225
§722222422264222225
572224222222242225
572222222222222225
572242242224224225
572222222222222225
§7222222262222222°5
573333333333333335
573353353335335335
573333333333333335
573335333333353335
573333353335333335
573333333333333335
57333333333333333S5
57 16R

WET LATTICE

3 -1.0000 -S58 56 -59 57 [IMP:N=1 U=56 .

WET FUEL ROD w/ oxide

2 6.9829256-02 ~30 -10 IMP:N=1 Us2

4 -6.5600 -30 10 -11 [NP:N=1 Us2

1 -3.4592 -30 11 IMP:N=1 U=2

3 -1.0000 30 -31 -11 IMP:N=1 U=2

1 -3.4592 30 -31 1% IMP:N=1 U=2

4 -6.5600 31 -32 -11 INP:N=1 U=2

1 -3.4592 31 -32 11 1MP:N=1 U=2

1 -3.4592 32 INP:N=1 Us2

WET FUEL ROD no oxide

2 6.982925e-02 -30 -10 INP:N=1 U=3

4 -6.5600 " -30 10 -11 IMP:N=1 U=3

3 -1.0000 -30 1 IMP:Ns{ Uz3

3 -1.0000 30 -31 -11 IMP:N=1 Us3

3 -1.0000 30 -31 11 IMP:N=1 U=3

4 -6.5600 31 -32 -11 IKP:N=1 U=3

3 -1.0000 31 -32 11 IMP:N=1 Us3

3 -1.0000 32 IMP:N=1 Us3

WET CONTROL ROD/GUIDE TUBE

3 -1.0000 -33 INP:N=1 U=4 $ No DCRA Rod

1 -3.4592 33 -34 IMP:N=1 Usé

1 -3.4592 34 -35 IMP:Nsi Us4 $ No DCRA Cladding

1 -3.4592 35 -36 [IMP:Ns U=4

4 -6.5600 36 -37 IMP:N=1 U=4

1 -3.4592 37 IMP:N=1 Us=é

DRY CONTROL ROD/GUIDE TUBE

3 -1.0000 -33 IMP:N=1 U=5 $ No DCRA Rod

3 -1.0000 33 -34 INP:N=1 U=5

3 -1.0000 34 -35 IMP:N=1 U=5 $ No DCRA Cledding

3 -1.0000 35 -35 INP:Ns1 Ua5

4 -6.5600 36 -37 IMP:N=1 U=5

3 -1.0000 37 IMP:N=1 UsS
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117
118
119
120

121
122

c
123
126
o
127
130
c
131
c
134
135
138
c

139
142
c

143
146
147
150
151

c
. 154

155
158
159
162
163
166
167

170

7
c

174
175
178

WET INSTRUMENTATION TUBE

3 -1.0000 -38 IWP:N=1 U=6
& -6,5600 38 -39 IMP:N=1 U=6
1 -3.4592 39 IMP:N=1 U=6

DRY INSTRUMENTATION TUBE

3 -1.0000 -38 IMP:N=1 U=7
4 -6.5600 38 -39 IMP:N=1 U=7
3 -1.0000 39 IMP:N=1 U=7

FUEL CELL BASKET STRUCTURE

BBAD00000-01717-0200-00056 REVOD

ATTACHNENT VIII -

Code: boron in [B=] all panels [all), left [l]1, bottom, (bl, right [rl, top [t]

FUEL CELL BASKET STRUCTURE - WET -
WATER GAP - ASSEMBLY LEFT
1 -3.4592 52 IMP:N=1 U=8

SS PANEL - ASSEMBLY LEFT

a8 -7.7700 -52 INP:N=1 U=8
WATER GAP - ASSEMBLY BOTTOM

1 -3.4592 53 IMP:N=1 U=9
$S PANEL - ASSEMBLY BOTTOM

8 -7.7700 -53 IMP:N=1 U=9
WATER GAP - ASSEMBLY RIGHT
1--3.45%2 -54 IMP:N=1 U=10

SS PANEL - ASSEMBLY RIGHT

8 -7.7700 54 IMP:N=1 U=10
WATER GAP - ASSEMBLY TOP

1 -3.4592 -55 IMP:N=1 U=11
SS PANEL - ASSEMBLY TOP

8 -7.7700 55 IMP:N=1 U=11

FUEL CELL BASKET STRUCTURE - DRY
GAP - ASSEMBLY LEFT

3 -1.0000 52 INP:N=1 U=12
SS PANEL - ASSEMBLY LEFT

8 -7.7700 -52 IMP:N=1 U=12
GAP - ASSEMBLY BOTTOM

3 -1.0000 53 INP:N=1 U=13
SS PANEL - ASSEMBLY BOTTOM

8 -7.7700 -33 IMP:N=1 U=1
GAP - ASSEMBLY RIGHT

3 -1.0000 -54 IMP:N=1 U=14
$S PANEL - ASSEMBLY RIGHT

8 -7.7700 54 IMP:N=1 Us14
GAP - ASSEMBLY TOP

3 -1.0000 -55 IMP:N=1 U=15
$S PANEL - ASSEMBLY TOP

8 -7.7700 55 IMP:N=1 U=15

FUEL CELL BASKET STRUCTURE - WET -
WATER GAP - ASSEMBLY LEFT

1 -3.4592 52 IMP:N=1 U216
PANEL - ASSEMBLY LEFT -

1 -3.4592 -52 IMP:N=1 U=16
WATER GAP - ASSEMBLY BOTTOM

1 -3.4592 53 IMP:N=1 U=17
PANEL - ASSEMBLY BOTTOM

1 -3.4592 -53 IWNP:N=1 U=17
WATER GAP - ASSEMBLY RIGHT

1 -3.4592 -54 IMP:N=1 U=18
PANEL - ASSEMBLY RIGHT

1 -3.45%2 54
WATER GAP

1 -3.4592 -55

PANEL - ASSEMBLY TOP

IMP:N=1 U=18
- ASSEMBLY TOP
IMP:N=1 U=19

1 -3.4592 55 IMP:N=1 =19

FUEL CELL BASKET STRUCTURE - DRY
GAP - ASSEMBLY LEFT

3 -1.0000 52 INP:N=1 U=20
PANEL - ASSEMBLY LEFT

3 -1.0000 -52 INP:N=1 U=20
GAP - ASSEMBLY BOTTOM

3 -1.0000 53 INP:Nx1 Us21
PANEL - ASSEMBLY BOTTOM

3 -1.0000 -53 IMPiN=1 U=21

Borated panels

- Borated panels

Unborated panels

- Unborated panels

Page &
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c GAP - ASSEMBLY RIGHT
179 3 -1.0000 -54

c PANEL - ASSEMBLY RIGHT
182 3 -1.0000 5S4

C GAP - ASSEMBLY TOP
183 3 -1.0000 -55

c PANEL - ASSEMBLY TOP

18 3 -1.0000 S5

c SURFACE SPECIFICATIONS

BBA000000-01717-0200-00056 REVOD

INP:N=1 U=22
IMP:N=1 U=22

IMP:N=1 U=23
IMP:N=1 U=23

™ PX 0.0

3+ pZ 0.00

10 PZ 180.0880 $ TOP ACTIVE FUEL

11 PZ 201.2360 $ TOP FUEL HARDWARE

13 pz 228.75 $ TOP OF BASKET MATERIAL
% PZ 229.25 $ TOP RING/WATER GAP

15 pPZ 231.73 $ TOP INNER LID

16 P2 234.75 $ TOP LID GAP

17 P 245.75 $ TOP OUTER LID

19 PZ 298.75 $ TOP REFLECTOR REGION
20 €z T71.095 $ ID OF INNER BARRIER

21 cZ 73.095 $ 0D OF INNER BARRIER

2 €2 73.10 $ ID OF OUTER BARRIER

2t Ccz 83.10 $ OD OF OUTER BARRIER

25 C€Z 113.80 $ 0D OF REFLECTOR REGION
c PIN LATTICE BOUNDS

26 PX 0.72136

27 PX -0.72136

28 PY 0.72136

29 PY -0.72136

[» FUEL ROD

30 Ccz 0.468122

31 €z 0.478790

32 €2 0.545100

o CONTROL ROD/GUIDE TUBE

33 CZ 0.45340 $ 0.4%9022

34 CZ 0.46990 $ 0.50292

35 €z 0.54610 $ 0.56007

36 €2 0.62230 $ 0.63246

37 CZ 0.67310

c INSTRUMENTATION TUBE

38 €z 0.56007

39 cz 0.62611

c ASSEMBLY LATTICE BOUNDS Actual
44  PX -10.65 $ ACTUAL 10.82025
45 PY -10.65

46 PX  10.65

47 PY 10.65

52 PX -10.650001 $ UCF Intact Inside Tube ID
53 PY -10.650001

54 PX  10.650001

55 PY 10.650001

56 PX -11.95 $ UCF Intact Outside Tube ID
57 PY -11.95

58 PX 11.95

59 PY 11.95

c FUEL CELL LATTICE BOUNDS
60 PX -11.0 $ ACTUAL 12.30

61 pPX 11.0
62 pY -11.0
63 pY 11.0

[ 45 degree planes
84 P t. -1, 0. 0.
65 P i. 1. 0. 0.
c EXTRA CARDS

MODE N

KCODE 4000 %. 7 37

KSRC -4.3 -5.71., -2.8 -5.75.
1.44 -5.7 3 2.88 -5.7 a.

ATTACHMENT VIII -

Page 5
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M1
MT1

M2

MT6

M7

c
M8

5,7 -4.32. -4.3 -4.31. -2.8 -4.3 5. -1.4 -4,
0. -4.35. 1.44 -4.33. 2.88-4.3 B. 4.32 4.

-5.7 -2.9 2. -4.3 -2.9 1. -1.4 -2,
0. -2.95. 2.88 -2.9 8. 4.32 -2

5.7 -1.42. -6.3 -1.461. -2.8 -1.4 5. -1.6 -1
6. -1.45. 1.44-1.43. 2.88-1.4 8, 4.32-1.

5.7 0.02. -4.3 0.01. -2.8 0.0 5 ~-1.4 O
1.44 0.03. 2.88 0.0 8. 4.32 0.

-5.7 1.4 2. -2.8 1.4 5. -1.4 1,
0. 1.4 5. 1.46 1.43, 2.B8 1.4 8. 4.32 1.

-5.7 2.92. -4.3 2.91. -2.8 2.9 5. -1.4 2.
0. 2.95. 1.4 2.93. 2.88 2.9 8. 432 2

5.7 4.32. -43 431 -2.8 43 5. 1.4 4
0. 435, 1.46 4.33. 2.8 4.3 8. 4,32 4

MATERIAL SPECIFICATICNS
WATER AT 300 X d=1.0000 g/cc w/ 58X Fe203

1001.50c 2.8089-2

LWTR.01T

e49b34.sum 2000 years decay

8016.50C  .044947
42095.50C  4.794679E-05
44101.50C  4.354501E-05
43099.50C  4.625092E-05
45103.50C -2.60B717E-05
47109.50C  3.714096E-06
60143,50c  3.74851E-05
60145.50C  2.799527€-05
62147.50C  1.138963E-05
62149.50C  1.455085€-07
62150.50C  1.043884E-05
62151.50C  1.651142€-13
62152.50C  4.59594E-06
63151.55¢C  B.135066E-07
63153.55C  3.93407E-06
64155.50C  1.686186E-07
92233.50c 2.231592e-08
92234.50Cc  1.075017€-05
92235.50C 4.768275E-04
92236.50C  1.417782E-04
92238.50C 2.174501e-02
93237.55C  4.291222€-05
94238.50C 2.04303E-12
94239.55C  1.515774E-04
94240.50C  3.901499€-05
94241.50C  1.802804E-11
94242.50C 7.310671E-06
95241.50C  1.333376E-06
95242.50C 2.531374E-12
$5243.50C  1.203514€-06

WATER AT 300 K d=1,0000 g/cc
6.6878-2 8016.50C 3.3439-2

1001.50C
LWTR.OIT

ZIRCALOY-4 d=6.56 g/cc

8016.50¢C
40000.50C

-0.0012 24000.50C
-0.9818 50000.35C

ALLOY 625 d=B.4425 g/cc

6000.50C
16032.50C
25055.50C
41093.50C
15031.50¢C

-0.1000 13027.50C
-0.0150 22000.50c
-0.5000 25000.55C
-1.8200 42000.50¢C
-0.0150 27059.50¢C

WATER AT 300 K d=1.0000

1001.50C
LWTR.017

5.3502-2

-0.0010
-0.0140

-0.4000
-0.4000
-5.0000
-$.0000
-0.9300
g/cc W/

AS516 CARBON STEEL d=7.832 g/cc

6000.50C

-0.00220 14000.50C -0.002750 15031.50C -0.00035

16032.50C -0.00035
26000.55C -0.98535

$531686A 1.6%
5010.50C -0.00288

25055.50C -0.0090

d=7.77 g/cc
5011.50C -0.013120

26000.55C -0.0020

14000.50C -0.5000
24000.50C -21.500
28000.50C -58.000
73181.50C -1.8200

25X Fe203

HWNCORrODORPODOWW

10.
9.
10.
9.
10.
9.
10.
S.
10.
9.
10.
9.
10.
9.

8016.50C 4.8430-2 26000.55C 2.2924-2

8016.50C 3.9900-2 26000.55C 9.8803-3
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c
PRINT

6000.50C
15031.50C
25055.50C
42000.50C
TALLIES

-0.00030 7014.50¢ -0.00100 14000.50C -0.0075
-0.00045 16032.50C -0.00030 24000.50C -0.19000

-0.02000 26000.55¢C -0.60445 28000.50C -0.13500
-0.02500

ATTACHMENT VIII -

pPage 7
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AUCF-21 BW15x15, full deg, 33X Fe203 uniform

nio 00

~ a0 o oG
37873

OO AND
- L]

RORROEOR

89
90
91
92
93
94
95
96

105
106
107
108
109
1o

117
118
119

1*
Ix
10
1

CELL SPECIFICATIONS
Assembly Sub-lattices - 1/2 Model

0 1 3 -13 -20 FILL=1 (0 -74 0) IMP:N=1

ASSEMBLY LATTICE :

3 -2.3992 -61 80 -63 62 [IMP:N=1 LAT=1 U=1

FILL=0:3 0:7 0:0 11 1 1 56561 1 56 56561
56 56 56 1 56 56561 56561 1
11 11 1111 $ 1/2 model

BARRIER CELLS

Basket Material-Lid Gap

1 -1.0000 1-20 13 -14 IMP:N=1 $ 1/2 model

Inner Barrier

5 -B.4425 1 3 20 -21 -14 IMP:N=1 $ 1/2 model

Inner Lid

5 -8.4425 1 14 -15 -21 IMP:N=1 $ 1/2 model
Gap between Inner and Outer Barrier Lids

1 -1.0000 1 15 -16 -21 IHP:N=1 $ 1/2 model

Gap between Inner and Outer Barriers
1 -1.0000 21 -22 1 3 -16 IMP:N=1 $ 1/2 model
Outer Barrier
7 -7.8320 22 -26 1 3 -16 [IMP:N=1 $ 1/2 model
Outer Barrier Lid
7 -7.8320 1-26 16 -17 IMP:N=1 $ 1/2 model
12" of Water around Container
1 -1.0000 24 -25 1 3 -17 1IMP:N=1 $ 1/2 model
12" of Water above Container
T -1.0000 17 -19 1 -25 IMP:N=1 $ 1/2 model
OUTSIDE WORLD
0 -1:-3:19:25 IMP:N=0 $ 1/2 model
WET PIN LATTICE
3 -2.3992 -26 27 -28 29 IMP:N=1 LAT={ U=56
FILL -8:8 -8:8 0:0 56 16R 56 2 14R 56 56 2 14R 56
56 24R 4 2 2R &4 2 4R 56
56 22R & 26R 42256 562 14R 56

56 22622422R42242256
56 2 14R 56

56 2 6R 6 2 6R 56

56 2 14R 56

56 2242242204224 2256
56 2 14R 56 56 2 2R 4 2 6R 4 2 2R 56

56 2 4R &4 2 2R 4 2 4R 56
56 2 14R 56 56 2 14R 56 56 16R
MIXED PIN LATTICE
WET FUEL RCD
2 6.982844E-02 -30 -10 IMP:N=1 U=2
4 -6.5600 -30 10 -11 IMP:N=1 U=2
3 -2.3992 -30 1 IMP:N=1 U=2
1 -1.0000 30 -31 -11 1MP:Ns=1 U=2
3 -2.3992 30 -31 11 IMP:N=1 U=2
4 -6.5600 31 -32 -11 IMP:N=1 U=2
3 -2.3992 31 -32 11 IMP:N={ U=2
3 -2.3992 32 IMP:N=1 U=2
WET CONTROL ROD/GUIDE TUBE _
1 -1.0000 -33 IMP:N=1 U=4 $ No DCRA Rod
3 -2.3992 33 -34  IMP:N=1 U=4
I -2.3992 34 -35 IMP:N=1 Us4 $ No DCRA Cladding
3 -2.3992 35 -36 [IMP:N=1 U=4
4 -6.5600 36 -37 1MP:N=1 Us4
3
W

-2.3992 37 IMP:N=1 U=4
ET INSTRUMENTATION TUBE
1 -1.0000 -38 IMP;N=1 U=6
4 -6.5600 38 -39 IMP:N=1 U=6
3 -2.3992 39 IMP:N=1 U=6
SURFACE SPECIFICATIONS
PX 0.0
P2 0.00

Pz 180.0860 $ TOP ACTIVE FUEL
PZ 201.2360 $ TOP FUEL HARDWARE

BBAOO0000-01717-0200-00056 REVO0  ATTACHMENT IX -
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TOP OF BASKET MATERIAL
TOP RING/WATER GAP

TOP INNER LID

TOP LID GAP

TOP OUTER LID

T

1

13 Pz 228.75 $
14 Pz 229.25 $
15 pz 231.75 $
16 PZ 234.75 s
17 PZ 245.75

19 P2 298.75

20 czZ 71.095

$

$ TOP REFLECTOR REGION

$
21 cz T73.09 $

$

$

3

D

OF INNER BARRIER
OF INNER BARRIER

2 cz 73.10 1D OF OUTER BARRIER

2, c2 83.10 0

25 €z 113.60 o]

c PIN LATTICE BOUNDS

26 PXx 0.72136

27 PX -0.72136

28 PY 0.72136

29 PY -0.72136

c FUEL RCD

30 cz 0.468122

31 €z 0.4787%0

32 €z 0.546100

C CONTROL ROD/GUIDE TUBE

33 €2 0.45340 $ 0.49022

34 £Z 0.46990 $ 0.50292

35 €z 0.54610 $ 0.56007

36 €z 0.62230 $ 0.63246

37 cz 0,67310

c INSTRUMENTATION TUBE

38 €z 0.56007 ’

39 €z 0.62611

c ASSEMBLY LATTICE BOUNDS Actusl

4, PX -10.65 $ ACTUAL 10.82025

45 PY -10.65

46 PX  10.65

47 PY 10.65

52 PX -10.650001 $ UCF Intact Inside Tube ID

53 PY -10.650001

54 PX  10.650001

55 PY 10.45000%

56 PX -11.95 $ UCF Intact Outside Tube ID

57 PY -11.95

s8 Px 11.95

59 PY 11.95

c FUEL CELL LATTICE BOUNDS

60 PX -10.65 $ ACTUAL 12.30

61 PX 10.65

62 PY -10.65

63 PY 10.65

c 45 degree planes

64 P 1. -1. 0. 0.

65 P 1. 1. 0. 0.

c EXTRA CARDS

F OUTER BARRIER
f REFLECTOR REGION

MODE N

KCODE 4000 1. 7 37

KSRC -4.3 -5.7 1. -2.8 -5.75. -1.4 -5.710. O0. -57 5
1.44 -5.73. 2.88 -5.7 8. 4.32 -5.7 9.
5.7 -432. -4.3 -4.31. -2.8 -4.3 5. -1.4 -4.310.
0. -4.35. 1.46-4.33. 2,88 -4.3 B. 4.32-4.3 9.
-5.7 -2.92. -43 -2.91. -1.4 -2.9 10.
0. +2.95. 2.88 -2.9 8. 4.32-2.0 9.
5.7 1.4 2, -4.3 -1.41. 2.8 -1.4 5. -t.4 -1.410.
0. -1.45. 1.46 -1.43. 2.88-1.4 8. 4.32-1.4 9.
.5.7 0.02. -4.3 0,01, -2.8 0.0 5. -1.4 0.010.

1.44 0,03, 2.88 0.0 8. 4.32 0.0 O.

-5.7 1.4 2, -2.8 1.4 5. -1.4 1410,
0. 145, 1.44 1.43. 2.88 1.4 8. 4.32 1.4 9.
5.7 2.92. -4.3 291, -2.8 2.9 5. -1.4 2910,
0. 2.95. 1.44 2.93. 2.88 2.9 8. 4.32 2.9 9.
5.7 432, -43 431, -2.8 4.3 5. -1.4 6310,
. 4.35. 1.44 4.33. 2.88 4.3 8. 4.32 4.3 9.
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C MATERIAL SPECIFICATIONS

c WATER AT 300 X d=1.0000 g/cc

M1 1001.50C 6.6878-2 8016.50C 3.3439-2
MTY  LWIR.OIT

c
[ e49b34.sum 8000 years decay
Mz 8016.50C  .046947

42095.50C 4 .794679E-05
44101.50C  4.354501E-05
43099.50C 4.527722E-05
45103.50C 2.608717€-05
47109.50C 3.714096E-06
60143.50C 3.74851E-05
60145.50C  2.799527€-05
62147.50C  1.138943E-05
62149.50C  1.455085€-07
62150.50C  1.043884E-05
62151.50C  1.395893E-33
62152.50C  4.59594E-06
63151.55C 8. 134066€-07
63153.55C 3.93507¢-06
64155.50C  1.686186E-07
92233.50C  1.084139€-07
$92234.50C  1.059584E-05
92235.50C 5.008994E-04
92236.50C 1.60138E-04
92238.50C 2.174501E-02
03237.55C  4.413103e-05
94238.50C 5.360425E-25
94239.55C 1.284128E-04
94240.50C  2.071104E-05
94241.50C  1.103656E-11
94242.50C  7.211206E-06
95241.50C  4.364685E-10
95242.50C 3.923878E-25
95243.50C  6.834769€-07
c WATER AT 300 X d=1.0000 g/cc w/ 33X Fe203 w/ 0X 810
N3 1001.50C 4.4808-2 8016.50C 4.1948-2 26000.55C 1.3043-2
M13 LWTR.O1T
c ZIRCALOY-4 d=6.56 g/cc
M4 8016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020
40000.50C -0.9818 50000.35C -0.0140
o ALLOY 625 d=8.4425 g/cc
M5 6000.50C -0.1000 13027.50C -0.4000 15000.50C -0.5000
16032.50C -0.0150 22000.50C -0.4000 24000.50C -21.500
25055.50C -0.5000 26000.55C -5.0000 28000.50c -58.000
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200
15031.50C -0.0150 27059.50C -0.9300
c A516 CARBON STEEL d=7.832 g/cc
N7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035
16032.50C -6.00035 25055.50Cc -0.0090
26000.55¢ -0.98535
S§5316B6A 1.6X d=7.77 g/cc
5010.50C -0.00288 5011.50c -0.013120
6000.50C -0.00030 7014.50C -0.00100 14000.50C -0.0075
15031.50C -0.00045 16032.50C -0.00030 24000.50C -0.19000
25055.50C -0.02000 26000.55C -0.60445 28000.50C -0.13500
42000.50C -0.02500
[of TALLIES
PRINT

gﬂ
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1 BWI5x15, full deg, 58X Fe203, settled
CELL SPECIFICATIONS
Assembly Sub-lattices - 172 Model
0 1 3 -13 -20  FILL=1 (O -74 0) IMP:N=)
ASSEMBLY LATTICE
1 -3.4592 -61 60 -83 462 IMP:N=1 LAT=1 U=t
FILL=0:3 0:7 0:0 1 3R 56561 1 5656561
56 56 56 1 59 59 59 40 57 57 58 58
58 3R 58 3R $ 1/2 model
BARRIER CELLS
Basket Material-Lid Gap
8 -1.0000 1-20 13 -14
Inner Barrier
S -8.4425 1
Inner Lid
5 -8.4425 t 16 -15 -2 IMP:N=1 $ 1/2 model
Gap between Inner and Outer Barrier Lids
8 -1.0000 T 15 -16 -21 IMP:N=1 $ 1/2 model
Gap between Inner and Outer Barriers
8 -1.0000 21 -22 1 3 -16 IMP:N=1 $ 1/2 model
Outer Barrier
7 -7.8320 22 -26 1 3 -16 1IMP:N=1 $ 1/2 model
Outer Barrier Lid
7 -7.8320 1-26 16 -7
12" of Water around Container
8 -1.0000 24 -25 1 3 -17 1IMP:N=1 § 1/2 model
12 of Water above Container
8 -1.0000 17 -19 1 -25
OUTSIDE WORLD
0 -1:-3:19:25 1MP:N=0C $ 1/2 model
WET w/ Fe203 PIN LATTICE
1 -3.4592 -26 27 -28 29 IMP:N=1 LAT=1 U=56
FILL -8:8 -8:8 0:0 56 16R 556 2 14R 56 56 2 14R 56
S6 2 4R 4 2 2R 4 2 4R 56
56 2 2R & 2 6R & 22R56 562 14R 56

IMP:N=1 $ 1/2 model
3 20 -21 -14 IMP:N=1 $ 1/2 model

INP:N=1 $ 1/2 model

INP:N=1 § 1/2 model

56 22622422R42242256
36 2 14R 56

56 2 6R 6 2 6R 56

56 2 14R 56
S622422422R42242256
56 2 14R 56 56 2 2R 4 2 6R 4 2 2R 56

S624R 4 2 2R & 2 4R 56
56 2 14R 56 56 2 14R 56 56 1é6R
Water LATTICE

~ 8 -1.0000 -58 56 -59 57 [IMP:N=1 U=58

WET PIN LATTICE

8 -1.0000 -26 27 -28 29 IMP:N=1 LAT=1 U=57

FILL -8:8 -8:8 0:0 57 16R 57 3 14R 57 57 3 14R 57
5734rRS 3 2RS5 3 4R 57
573 2R 536R532R57 573 14R 57
5733533532R53353357
57 3 4R 57
5736873 6R57
57 3 14R 57 .
5733533532RR53353357
57 3 14R 57 573 2R 53 6R 5 3 2R 57
573 4R 53 2R 53 4R 57
57 3 14R 57 57 3 14R 57 57 1&R

WET W/ Fe203 FUEL ROD

2 6.982783e-02 -30 -10 INP:N=1 U2

4 -6.5600 -30 10 -11 IMP:N=1 U=2

1 -3.4592 -30 W IMP:N=1 Un2

8 -1.0000 30 -31 -11 IMP:N=1 U=2

1 -3.4592 30 -31 11 1MP:N=1 Us2

4 -6.5600 31 -32 -11 INP:N=1 U=2

1 -3.4592 31 -32 11 INP:N=1 U=2

1 -3.4592 32 INP:N=1 U=2

Wet FUEL ROD

2 6.982783e-02 -30 -10 INP:N=1 U=3

4 -6.5600 -30 10 -11 IMP:N=1 y=3

BBA000000-01717-0200-00056 REVOO
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99
100
101
102
103
104
c
105
c
106
107
c
108
109
110
c
M
c
112
113
c
114
113
116
c
17
118
119
c
120
121
122

C
123

124
125

1%
T*
10
1

13
14
15
16
17

19
20
21
22

24
25

26

8 -1.0000 -30 N IMP:N=1 Us3

8 -1.0000 30 -39 -11 IMP:N=1 Us3

g -1.0000 30 -31 11 IMP:N=% Ux3

4 -6.5600 31 -32 -11 IMP:N=1 U=3

8 -1.0000 31 -32 11 INP:N=i Us3

8 -1.0000 32 IMP:N=1 U=3

WET w/ Fe203 CONTROL ROD/GUIDE TUBE

8 -1.0000 -33 IMP:N=1 Uzé $ No DCRA Red
1005 9 -7.8300 -33 IMP:N=1 Us4 $ DCRA Rod

1 -3.4592 33 -34 INP:N=1 Uxb

1 -3.4592 34 -35 IMP:N=1 U=é $ No DCRA Cladding
107 4 -6.5600 34 -35 IMP:N=1 U=4 $ DCRA Cladding
1 -3.4592 35 -35 IMP:N=1 Usd

4 -6.5600 36 -37 [IMP:N=1 Uz

1 -3.4592 37 IMP:N=1 U=4

Wet CONTROL ROD/GUIDE TUBE

8 -1.0000 -33 IMP:N=1 Us5 $ No DCRA Rod
11 9 -7.8300 -33 IMP:M=1 U=5 $ DCRA Rod

8 -1.0000 33 -34 IMP:N=1 U=

8 -1.0000 34 -35 IMP:N=! U=5 $ No DCRA Cladding
$13 4 -6.5600 34 -35 [MP:N=1 Us5 $ DCRA Cladding
8 -1.0000 35 -36 IMP:N=1 U=5

4 -6.5600 36 -37 IMP:N=1 Ux5

g8 -1.0000 37 IMP:N=1 U=S
WET w/ Fe203 INSTRUMENTATION TUBE

8 -1.0000 -38 INP:N=1 U=b
4 -6.5600 38 -39 IMP:N=1 U=6
1 -3.4592 39 IMP:N=1 U=6
Wet INSTRUMENTATION TUBE

8 -1.0000 -38 IMP:N=1 U=7
4 -6.5600 38 -39 IMP:N=1 U=7
8 -1.0000 39 IMP:N=1 U=7

WET w/ Partial Fe203 PIN LATTICE
1 -3.4592 -26 27 -28 29 IMP:N=1 LAT=1 U=59
FILL -B:8 -8:8 0:0 59 16R 59 2 14R 59 59 2 14R 59
SO 24R 4 2 2R 4 2 4R 59
59 22R426R422R59 59 2 14R 59
9 2 2 b22422R422462259
4R 5

9 21 9

92 6R 62659

9 3 14R 59

933533532R53353359
59 3R 59 S93 RS 3 6R53 RS9

50 34RS I 2RS5SJ4RSY

€9 3 14R 59 59 3 14R 59 S9 16R
Half Water/Half Fe203 LATTICE
8 -1.0000 -58 56 -59 66 IMP:N=1 Us=é0
1 -3.4592 -58 56 -66 57 [IMP:N=1 U=60

SURFACE SPECIFICATIONS

PX 0.0

P2 0.00

pz 180.0860 $ TOP ACTIVE FUEL

pz 201.2360 $ TOP FUEL HARDWARE

12 P 226.75 $ TOP TUBE - (Shielding Model)
Pz 228.75 $ TOP OF BASKET MATERIAL

Pz 229.25 $ TOP RING/WATER GAP

Pz 231.75 $ TOP INNER LID

pz 234.75 $ TOP LID GAP

pZ 245.75 $ TOP OUTER LID

18 P2 268.25 $ TOP SKIRT - (Shielding Model)
Pz 298.75 $ TOP REFLECTOR REGION

€z 71.095 $ [D OF INNER BARRIER

cz 73.095 $ oD OF INNER SARRIER

€2 73.10 $ [D OF OUTER BARRIER

23 CZ 76.45 $ ID OF SKIRT LIP - (Shielding Model)
£z 83.10 $ 0D OF OUTER BARRIER

cz 113.60 $ 0D OF REFLECTOR REGION

PIN LATTICE BOUNDS

pPX 0.72136

BBA000000-01717-0200-00056 REVOD

ATTACHMENT X -
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27 PX -0.72136

28 PY 0.72136

29 PY -0.72136

c FUEL ROD

30 CczZ 0.468122

31 cz 0.478790

32 €2 0.546100

c CONTROL ROD/GUIDE TUBE

33 CZ 0.45340 8 0.49022

34 CZ 0.46990 $ 0.50292

35 cz 0.54610 $ 0.56007

36 €2 0.62230 $ 0.63246

37 ¢z 0.67310

c INSTRUMENTATION TUBE

38 cz 0.56007

3% cz O0.6261

C ASSEMBLY LATTICE BOUNDS Actual
56 PX -11.95 $ UCF Intact Outside Tube ID
57 PY -11.95

58 PX 11.95

59 PY 11.95

o FUEL CELL LATTICE BOUNDS

60 PX -10.65 $ ACTUAL 12.30
61 PX 10.65

62 PY -10.65

63 PY 10.65

c plane for half water/half oxide lattice cell
66 PY 0.72136

MODE N
c voL 83J
XCODE 4000 1. 7 37

KSRC -4.3 -5.71. -2.8 -5.75. -1.4 -5.710. 0, ~-5.7 5
1.44 -5.7 3. 2.88 -5.78, 4.32-5.7 9. )
5.7 -4.32. -4.3 -4.31. -2.8 -3 5. -1.4 -4.310,
0. -4.35. 1.44-4.33, 2.88-4.3 8, 4.32-43 9.
-5.7 -2.9 2. -4.3 -2.91. -1.4 -2.9 10.
0. -2.95. 2.88 -2.9 B. 4.32-2.0 9.
5.7 -1.42, -4.3 -1.41. -2.8 -1.4 5. -1.4 -1.610.
0. -1.45. 1.46-1.43. 2.88-1.4 8. 4.32-1.4 9.
5.7 0.02. -43 0.01. -2.8 0.0 5. -1.4 0.010,
1.44 0.03, 2.88 0.0 8 4.32 0.0 9.
-5.7 1.4 2. -2.8 1.6 5. -1.4 1.4 10.
. 1.4 5. 1.46 1.43, 2,88 1.6 8. 4.32 1.4 9.
-5.7 2.92. -4.3 2.91. -2.8 2.9 5. -1.4 2.910,
0. 2.95. 1.44.2.93. 2.88 2.9 8. 432 2.9 9.
-5.7 4.32. -4.3 4.31. -2.8 43 5. -1.4 4310,
0. 4.35. 1.4 4.33. 2.88 4.3 8. 4.32 4.3 9.
c MATERIAL SPECIFICATIONS
c WATER AT 300 K d=3.4592 g/cc w/ 58% Fe203

M1 1001.50C 2.808%-2 8016.50C 4.8430-2 26000.55C 2.2924-2

MT1 LWTR.01T

C e49b34.sum 25000 years decay

M2 8016.50C  .0456947
42095.50C  4.794679E-05
44101.50C  4.354501E-05
43099.50C  4.284296E-05
45103.50C 2.608717E-05
47109.50C  3.714096E-06
60143.50C  3.74851€-05
60145.50C 2.799527€-05
62147.50C  1.138963€-05
62149.50C  1.455085E-07
62150.50C  1.043884E-05
62152.50C  4,59594€E-06
63151.55C  B8.136066E-07
63153.55C  3.93407E-06
64155.50C  1.686186E-07
92233.50C 3.326725E-07
92234.50C 1.018437e-05
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92235.50C  5.531404E-04
92236.50C 1.774777E-04
92238.50c 2.174501E-02
93237.55C  4.392789E-05
94239.55C  7.906197€-05
94240.50C  3.440139E-06
94241.50C 2.761636€-12
94242.50C 7.012278€E-06
$5241.50C  8.639479E-11
95243.50¢C  1.386763E-07

c Air d=0.001225 g/cc
M3 7014.50c -0.80 8016.50c -0.20
C ZIRCALOY-4 d=6.56 g/cc

M4 B016.50C -0.0012 24000.50C -0.0010 26000.55C -0.0020
40000.50C -0.9818 50000.35C -0.0140

c ALLOY 625 d=8.4425 g/cc

N5 6000.50C -0.1000 13027.50C -0.4000 14000.50C -0.5000
16032.50C -0.0950 22000.50C -0.4000 24000.50cC -21.500
25055.50C -0.5000 24000.55C -5.0000 28000.50C -58.000
41093.50C -1.8200 42000.50C -9.0000 73181.50C -1.8200
15031.50C -0.0150 27059.50C -0.9300

c A516 CARBON STEEL d=7.832 g/cc

M7 6000.50C -0.00220 14000.50C -0.002750 15031.50C -0.00035
16032.50C -0.00035 25055.50C -0.0090
26000.55C -0.98535

c WATER AT 300 K d=1.0000 g/cc

M8 1001.50C 2. 8016.50c 1.

MTB  LWTR.O01T

C TALLIES
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a3 3.%E-08 3.0%-08 3.0%8 3.0E-B .
nrlide radioactivity, aries
L. bswswmdmb[,o.kmnﬂmfa'm
nitial300000. yrS00000. yre999%9. yr
o OO0 OG0 00«0 QOE+(D
o5 61E-11 1.06-12 85X-20 .00
aid BE-19 1.1%-2D 5.2E-2% 2.2%-
total TAZEQ 14801 125401 88640
tmts:prﬂlmfbly, 0.409 athm for grams

cHh 9.27!':-19 2.%%-21 6.TiE-§
bms:permdammly, 0.409 sttm for grans

e 1?@&‘”‘%&5‘“&%

se Fm  JOE«0
hmsq:u'mlmﬂy, 0.409 mtim for grame

frritial300000, yS00000. yroom.
Imi!wﬂlmﬂy, thftrm

mmmzmww

BR\ assarbly, wmfa'm
initial300000. i '

yS00000. yo99559, yr
mg'm 39608 7.1@-09 7.67E -12 2.9:!-19
tc® 1.6&0(2 1.6!4(2 7.A(E°01 1/.:001
tc 9  OEN0 00600 .OOEWO0 .OCEHOD
besis -per B8 aseenbly, 0.409 stim for grame
initial300000. Ww500000. yr9999%9. yr
hstswl‘ssmbly,wm'mfa‘m
i tial300000.

YrS00000. yro999%9.
i 8025401 7978401 7.&!5001 7
besi B8 asombly, 0.409 mtim for
18 Y grams
initial300000. yrS00000. Y1599, =P!!‘

bmiswmmbly,o.mmfwm
initial300000. w500000, yréo99%. yr
besis =per BB assenbly, 0.409 wtim for grams
initial300000. W500000. yroo%%. yr
a2 14E 9.NE-01 2.48-01 7.7EB

besis =per B8l assanbly, 0409 stim for gram

W sAE i e TN

besis =per B scsenbly, 0.409 mttm for grams
initial300000. yrS00000. yr9%9%. yr
st 3.1-CE0C2 BM 315642 2.7TENR
csTlm  JOE/00 O0E+00 .gom - for
P is aper BE assenbly, 0.409 sttm for grams
initial300000. y500000. yr&999%9. yr
besis =per B8l assarbly, 0.409 mthm for grams:
$nitial300000. yr500000. . yr
tmls BEN assarhly, 0.409 mtdm for greme
i tial300000. yr'.im. yrw
OO0 JO0EX00 .GB(IJ
baswwmassaﬂy,wm&m

nitial300000. w500000. 199999, yr
besis =per BRW assarbly, 0.409 wtim for grams

w1 1SEG 1S TR

1] nlice redicecti aries
hsvsazrm y, 0.409 mtim for grams

51
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nitial300000. 5\151111) glm yr
c¥% 4.1%¥-18 9.7%-21 2.9%-31 .00
nclice radicectivity, aries
tesis =per BW y, 0.409 nthm for gras
nitial300000. Esmmo YRR, yr
se® 19%R . 1.VER 3.968
se®n .OEH0 QN0 DEWD .OEXO ]
0 nclice radicectivity, aries
besis per B84 assenbly, 0407 mthm for grars
nitial300000. yrS00000, yoo99R. yr . .
0 nelide radicactivity, aries
besis sper B84 asserbly, 0.409 ntim for grams

rb Bm 5?312‘4'51 g S S ALY

0 nelice redicactivity, aries
tesis aper B y, 0.409 wtim for gras
initial300000.

% 7T3E-R 1.0 14E-1R2 55%-
rb%m .OEQ0 .OE{0 000 O0EKD
tc® 28800 24600 12840 24FE-0
tc S O0E{0 .00 0000 JOOE«OD
(1] nclide radicectivity, aries
) besis per BN sssenbly, 0.409 mtim for grams
initial300000. yrS00000, yrovoes. yr .
0 nelide radicactivi aries
o besis =per BB y, 0.400 mtim for grams
nitial300000, Yoo,
py  AAER 6.&%-& 3.8!-&
pdiin  OCE00 .00E«00  .OCE00  .OCE+Q0 3
0 : nrlide radicctivity, aries
tesis =per B0 ansembly, 0.409 mtim for grams
nit{al300000, w500000. yro99%. yr
1] nrlide radioactivity, aries
besis =per BBY ly, 0,400 stim for grams
indtial 300000, yrS00000. yr9%959. yr_ . .
0 nrlice radicectivity, aries
. lmiswwmd , 0409 mtim for grams
inftial300000. yr500000. y199%9%9. v
afl2d 39%-R 28ER 7.0%kB 2206
0 nrlide reficectivity, aries
basis per BEW assenbly, 0409 mtim for grews
nitial300000, yrS00000.

YWORER. yr
1D AR IMER 1ATER 14MER
0 nclide radicectivity, aries
besis per BN aseenbly, 0407 mthm for grems

initial300000. yrS00000, YO%9. yr
5 39E0 3860 3.6E0 3.9E0
sTBm  JOEH0 00E0 OCEH0  JO0EHD
0 nlice raficectivi

aries
. beeis =per BEN y, 0409 attm for grams
initial300000. yrS00000, ywo99999. yr
0 nrtide radioactivity, aries
besis per B assably, 0.409 it for grems
nitial300000. yrS00000, yr99999%9. yr
(] nxlice radicectivity, aries
. besis e BEM y, 0.407 nttw for grams
initial300000. IR,
sfl5t  JOEHD 00400 .(IEO&
0 rielice radicectivity, aries
besis =per BBW y, 0.400 attm for gras
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nitiat300000, yr500000. &9, yr .
0 nclice ratioactivity, aries
besis per B assanbly, 0409 nthm for grame

initial300000. yrSO0000, yYo995%. yr
total  4SEN0 400 24640 137400




