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The agreement between reactivities computed with PHOENIX and the results of
B1 critical benchmark experimants is summarized in Table 4 on page 38. Key
parameters describing each of the B1 experiments are given in Table 5 on page
39. These reactivily comparisons again show good agreement between exper-
iment and PHOENIX calculations.

Uncertainties associated with the burnup and IFBA dependent reactivities com-
puted with PHOEN!X are accounted for in the development of the individual re-
activity equivalence limits. For burnup credit, an uncertainty is applied to the
PHOENIX calculational results which starts at zero for zero burnup and increases
linearly with burnup, passing through 0.01 &K a: 30,000 MWD/MTU. This bias is
considered to be very conservative and is based on consideration of the good
agreement between PHOENIX predictions and measurements and on conservative
estimates of fuel assembly reactivity variances with depletion history. for IFBA
credit applications, an uncertainty of approximately 10% of the total number of
IFBA rods is accounted for in the development of the IFBA requirements. Ad-
ditional information concerning the specific uncertainties included in each of the
V. C. Summer burnup credit and IFBA credit limits is provided in the individual
sections of this report.

2.3 BORAFLEX SHRINKAGE AND GAP METHODOLOGY

As a result of blackness testing measurements performed at V. C. Summer, the
presence of shrinkage and gaps in some of the Boraflex absorber panels has
been noted. The effects of Boraflex shrinkage and gaps wil be considered in
the spent fuel rack criticality evaluations performed for this report.

Previous generic studies of Boraflex shrinkage and gap reactivity effects have
been performed * for storage rack geometries which resemble the V. C. Summer
spent fuel racks. The results of these studies (and experience gained in per-
forming similar studies for other rack geometries) indicate that:

& When absorber panel! shrinkage occurs evenly and uniformly (equa! pull-back
is experienced at both ends and the panel remains axially centered and in-
tact), meaningful increases in rack react'vity will not occur until more than
7.0 inches of total active fuel length is exposed (3.5 inches on each end)
Assuming a2 conservativ® 4% shrinkage scenario, combined top and bottom
fue! exposure will reach 10.56 inches given the initial V. C. Summer Boraflex
panel length of 139 inches. For this level of uniform top and bottom ex-
posure, generic study data indicates that reactivity will increase by less than

0.015 AK.

® When absorber panel shrinkage occurs all at one end, experience has shown
that the reactivity impact will remain approximately constant even when an
identical length of exposure is added to the opposite end. For the one-end
scenario, generic data indicates that reactivity will increase by well over
0.06 AK when 4% uniform, one-end shrinkage is assumed in the V. C. Sum-
mer racks.
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30 REGION 1 FUEL STORAGE RACKS

3.1 REACTIVITY CALCULATIONS
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Borafiex B Loading: The measured 95/85 minimum B ioading of 0.0255
grams per square centimeter was evaiuated with PHOENIX and resulted in

2 reactivity increase of 0.0011 AK

Assembly Positionn The KENO reference reactivity calculation assumes fue!
assembliec are symmetrically positioned within the storage cells since ex-
perienre has shown that centered fuel assemblies vyield egual or more
conservative results in rack Kes than non-centered (asymmetric) positioning.
Thereiore. no reactivity uncertainty needs to be applied for this tolerance
since the most reactive configuration is considered in the calculation of the
reference Kert.

Calculation Uncertainty: The KENO calculation for the nominal reference re-
activity resulted in a Kev with a 95 percent probability/95 percent confidence

level uncertainty of $0.0029 AK.

Methodology Uncertainty: As discussed .» Section 2 of this report, compar=-
ison against benchmark experiments showed that the 8% percent
probability/85 percent confidence uncertainty in reactivity, due to method,

is not greater than 0.0029 4K

The maximum Ket for the V. C. Summer Region 1 spent fuel storage rack is
developed by adding the calculational and methodology biases and the statistical
sum of independent uncertainties to the nominal KENO reference reactivity. The
summation is shown in Table 6 on page 41 and results in a maximum Kes of
0.9485.

Since Key is iess than 095 including uncertainties at a 95/95
probability/confidence level, the acceptance criteria for criticality is met for the
V. C. Summer Region 1 spent fuel rack for storage of Westmghouse 17x17 fuel
assemblies with nominal enrichments up to 4.0 wio u

3.2 IFBA CREDIT REACTIVITY EQUIVALENCING

Storage of fuel assemblies with nominal enrichments greater than 4.0 wio U"
in the V. C. Summer Region 1 spent fuel storage racks is achievable by means
of the concept of reactivity equivalencing. The concept of reactivity equiv-
alencing is predicated upon the reactivity decrease associated with the addition
of Integral Fuel Burnable Absorbers (IFBA) . IFBAs consist of neutron absorbing
material applied as a thin ZrB: coating on the outside of the UO: fuel peliet.
As a result, the neutron absorbing material is a non-removable or integral part
of the fuel assembly once it is manufactured.

Two analytical technigues are used to establish the criticality criteria for the
storage of IFBA fuel in the fuel storage rack. The first method uses reactivity
equivalencing to establish the poison material loading required to meet the
criticality limits. The poison material considered in this analysis IS a zirconium
diboride (ZrB: ) coating manufactured by Westinghouse. The second method uses

Region 1 Fuel Storage Racks 13
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8. The moderator is pure water (no boron) at a temperature of 68°F with a
density of 1.0 gmicm .

10. A nominal Boraflex poison material loading of 0.0264 grams - per square
centimeter is used throughout the array, based on asbuilt measurements
provided by the Boraflex material vendor.

1. The array is infinite in lateral (x and y) and axial (vertical) extent. This
preciudes any neutron leakage from the array.

12. All available storage cells are loaded with fuel assemblies,

Figure 8 on page 53 shows the constant Kes contour generated for the V. C.
Summer Region 1 spent fuel storage rack. Note the endpoint at 0 iFBA rods
where the nominal enrichment is 4.0 w/o and at 80 IFBA rods where the nominal
enrichment is 5.0 w/o. The interpretation of the endpoint data is as follows:
the reactivity of the fuel rack array when filled with fuel assemblies enriched
to a nominal 50 wio U'Z" with each containing 80 IFBA rods is equivalent to
the reactivity of the rack when filied with fuel assemblies enriched to a2 nominal
4.0 wio and containing no IFBAs. The data in Figure 8 on page 53 is also
provided on Table 9 on page 44.

it 1s important to recognize that the curve in Figure B on page 53 is based on
reactivity equivalence calculations for the specific enrichment and IFBA combi-
nations in actual rack geometry {and not just on simple comparisons of indi-
vidual fuel assembly infinite multiplication factors). In this way, the
environment of the storage rack and its influence on assembly reactivity is
implicitly considered.

The IFBA requirements of Figure 8 on page 53 were developed based on the
standard IFBA patterns used by Westinghouse. However, since the worth of
individual IFBA rods can change depending on position within the assembly {(due
to iocal variations in thermal flux), studies were performed to evaluate this ef-
fect and a conservative reactivity margin was included in the development of
the IFBA requirement to account for this effect. This assures that the IFBA
requirement remains valid at intermediate enrnichments where standard IFBA
patterns may not be available. In addition, to conservatively account for
calculational uncertainties, the IFBA requirements of Figure 8 on page 53 also
include & conservatism of approximately 10% on the total number of IFBA rods
at the 5.0 w/o end (i.e., about 8 extra IFBA rods for a 5.0 wio fuei assembly).

Additiona! IFBA credit calcuiatngns were performed to examine the reactivity
effects of higher IFBA linear B  loadings (1.5X and 2.0X). These calculations
confirm that assembly reactivity remains corstant provided gha net B'c material
per assembly is preserved. Therefore, with higher IFBA B [‘ loadings, the re-
quired number of IFBA rods per assembly can be reduced by the ratio of the
higher loading to the nominal 1.0X loading. For exampie, using 2.0X IFBA in
5.0 w/o fuel assemblies allows a reduction in the IFBA rod reguirement from
80 iFBA rods per assembly to 40 IFBA rods per acsembly (80 divided by the
the ratio 2.0X/1.0X).

Region 1 Fuel Storage Racks 15







3.3 SENSITIVITY ANALYSIS




\ 40 REGION 2 FUEL STORAGE RACKS

4.1 REACTIVITY CALCULATIONS
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Assembly Position: The KENO reference reactivity ceicilation assumes fuel
assemblies are symmetrically pesitioned within the storage cells since ex-
perience has shown that centered fuel assemblies yieid equal or more
conservative results in rack Kev than non-centered (asymmetric) positioning.
Therefore, no reactivity uncertainty needs to be applied for this tolerance
since the most reactive configuration is considered in the calculation of the
reference Ket,

Calculation Uncertainty: The KENO calculation for the nominal reference re-
activity resuited in a Kett with a 95 percent probability/95 percent confidence
level uncertainty of £0.0046 AK.

Methodology Uncertainty: As discussed in Section 2 of this report, compar-
ison against benchmark experiments showed that the 85 percent
probability/95 percent confidence uncertainty in reactivity, due to rnethod,
is not greater than 0.0028 AK.

The maximum Ken for the V. T. Summer Region 2 spent fuel storage rack is
developed by adding the calculational and methodoliogy biases and the statistical
sum of independent uncertainties to the nominal KENO reference reactivity. The
summation is shown in Table 7 on page 42 and results in a maximum Ken of
0.9442.

Since Kt is less than 095 including uncertainties at a 95/85
probabslnwconﬁdence level, the acceptance criteria for criticality is met for the

. C. Summer Region 2 spent fuel rack for storage of Westmghouse 17x17 fuel
assemblies with nominal enrichments up to 2.5 wio U™

4.2 BURNUP CREDIT REACTIVITY EQUIVALENCING

Storage of burned fuel assemblies in the V. C. Summer Region 2 spent fuel
storage rack area is achievable by means of the concept of reactivity equiv-
alencing. The concept of reactivity equivalencing is predicated upon the reac-
tivity decrease associated with fuel depletion. For burnup credit, a series of
reactivity calculations are performed to generate a set of enrichment-fuel as-
sembly discharge burnup ordered pairs which all yield an equivalent Ke when
stored in the spent fuel storage racks,

Figure 10 on page 55 shows the constant Ken contour generated for close packed
storage in the V. C. Summer Region 2 spent fuel racks., This curve represents
combinations of fuel enrichment and discharge burnup which yieid the same rack
multiplication factor (Ken) as the rack loaded with fresh fuel at 2.6 wio U

Note in Figure 10 on page 55 the endpoints at 0 MWD/MTU where the enrichment
is 2.5 w/o and at 21600 MWD/MTU where the enrichment is 5.0 w/o. The in-
terpretation of this endpoint data is as follows: the reactivity of the spent fuel
rack containing 5.0 wio U fuel at 21600 MWD/MTU burnup is equivalent to the
reactivity of the rack containing fresh fuel having an initial nominal enrichment
of 2.5 w/o. The burnup credit curve shown in Figure 10 on page 55 includes a

Region 2 Fuel Storage Racks 22
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50 REGION 3 FUEL STORAGE R\CKS

This section develops and describes the analytical techniques and models em-
ployed to perform the criticality analysis and reactivity eguivalencing evaluations
for the V. C. Summer Region 3 spent fue! racks.

Section 5.1 describes the analyses performed to show that storage of
Westinghouse 17x17 fuel assemblies with nominal enrichments up to 1.4 w/o
U E is acceptable in all cell locations. Section 5.2 describes the reactivity
equivalencing analysis which establishes the minimum burnup requirements for
assemblies with nominal enrichments above 1.4 w/o. Finally, Section 5.3 pre-
sents the results of calculations performed to show the reactivity sensitivity
caused by variations in enrichment, center-to-center spacing, and stainless steel
structural material.

5.1 REACTIVITY CALCULATIONS

To show that Region 3 storage of Westinghouse 17x17 fue! assemblies with
nominal enrichments up to 1.4 w/o satisfies the 0.95 Kers criticality acceptance
criteria, KENO is used to establish a nominal reference reactivity and PHOENIX
is used to assess the effects of material and construction tolerance variations.
A final 95/95 Kenr is developed by statistically combining the individual tolerance
impacts with the calculational and methodology uncertainties and summing this
term with the nominal KENO reference reactivity.

The following assumptions are used to develop the nominal case KENO model
for the Region 3 fuel storage rack evaluation:

1. The fuel assembly parameters relevant to the criticality analysis are based
on the Westinghouse 17x17 STD design (see Table 1 on page 35 for fuel
parameters). At the enrichment level being considered for this application,
and with the simplified assembly modeling assumptions (no grids, sleeves,
axial blankets, etc.), the 17x17 STD design yields equivalent or bounding
reactivity results relative to the other Westinghouse 17x17 fuel types.

= All fuel rods contain uranium dioxide at a nominal enrichment of 1.4 w/o
over the entire length of each rod.

3. The fuel pellets are modeled assuming nominal values for theoretical den-
sity and dishing fraction.

4, No credit is taken for any natural enrichment axial blankets.

o

No credit is taken for any U;" or UM in the fuel, nor is any credit taken
for the build up of fission product poison material.

Region 3 Fuel Storage Racks 24
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6. No credit is taken for any spacer grids or spacer sleeves.
7. No credit is taken for any burnable absorber in the fuel rods.

8. The moderator is pure water (no boronl at a temperature of 6B°F and a
density of 1.0 gmicm" !

9. The array is infinite in lateral {x and y) extent and finite in axial {vertical)
extent. This allows neutron leakage from conly the axial direction.

10. All available storage cells are loaded with fresh fue! assemblies.

With the above assumptions, the KENC calculation for the nominai case results
in 2 Kew of 0.9183 with 2 95 percent probability/95 percent confidence leve:
uncertainty of $0.0028. The nomina!l case resuit is used as the reference reac-
tivity value for the Region 3 Kev summation and is also used as the center point
for the sensitivity analyses.

To quantify the benefit of axial leakage, & two-dimensional KENO calculation
identical to the nominal three-dimensional calculation is performed, except that
axial leakage is eliminated. The 2D KENO calculation results in a Kew of 0.8202
with a 95 percent probability/95 percent confidence level uncertainty of
+0.0080. Comparison with the reference 3D result indicates that axial leakage
is worth about 0.0019 %0.0050 AK.

Calculational and methodology biases must be considered in the final Kex sum-
mation prior to comparing against the 0.95 Kew limit. The following biases are
included:

Methodology: As discussed in Section 2 of this report, benchmarking of the
Westinghouse KENO Va methodology resulted in a method bias of 0.0074

AK.

Water Temperature: To account for the normal range of spent fuel pool
water temperatures (40° to 180°F), a reactivity bias of 0.0045 AK is applied.

To evaluate the reactivity effects of possible variations in material character-
istics and mechanical/construction dimensions, PHOENIX perturbation calculations
are performed. For the V. C. Summer Region 3 spent fuel storage rack, UO:
material tolerances are considered along with construction tolerances related to
the cell 1.D., cell center-to-center spacing, and stainiess steel thickness., Un-
certainties associated with calculationa! and methodology accuracy are aiso
considered in the statistical summation of uncertainty components.

The following tolerance and uncertainty components are considered in the total
uncertainty statistical summation:

Um Enrichment: The stancard ‘DOE enrichment tolerance of 20.05 w/o Uz35
about the nominal 1.40 wi/o U reference enrichment was evaluated with
PHOENIX and resulted in a2 reactivity increase of 0.0119 AK

Region 3 Fuei Storage Racks 25
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UO: Density A $2.0% variation about the nominal 85% reference theoretical
density was evaluated with PHOENIX and resulted in a reactivity increase

of 0.0033 AK.

Fuel Pellet Dishing: A variation n fuel pellet dishing fraction from 0.0% to
2.0% labout the nominal 1.2074% reference value) was evaluated with
PHOENIX and resulted in a reactivity increase of 0.0019 4K

Storage Cell 1LD: The $0.032 inch tolerance about the nominal 8.85 inch
reference cell 1.D. was evaluated with PHOENIX and resuited in a reactivity

increase of 0.0002 AK.

Center-to-Center Spacingg The 20.032 inch tolerance about the nominal
10.1160 inch reference cell center-to-center spacing was evaluated with
PHOENIX and resulted in a reactivity increase of 0.0032 AK.

Stainiess Steel Thickness: The 10.005 inch tolerance about the nominal 0.090
inch reference stainless stee! thickness was evaluated with PHOENIX and

resuited in a reactivity increase of 0.0033 AK.

Assembly Positionr The KENO reference reactivity calculation assumes fuel
assemblies are symmetrically positioned within the storage cells since ex-
perience has shown that centered fuel assemblies yield equal or more
conservative results in rack Kes than non-centered (asymmetric) positioning.
Therefore, no reactivity uncertainty needs to be applied for this tolerance
since the most reactive configuration is considered in the calculation of the
reference Ker.

Calculation Uncertainty: The KENO calculation for the ncminal reference re-
activity resulted in @ Ker with a8 95 percent probability/95 percemt confidence

level uncertainty of $0.0028 AK.

Methodology Uncertainty: As discussed in Section 2 of this report, compar-
ison against benchmark experiments showed that the 95 percent
probability/95 percent confidence uncertainty in reactivity, due to method,

is not greater than 0.0029 AK.

The maximum Ket for the V. C. Summer Region 3 spent fuel storage rack is
developed by adding the :alculational and methodology biases and the statistical
sum of independent uncertainties to the nominal KENO reference reactivity. The
summation is shown in Table B on page 43 and results in a maximum Kes of
0.8441,

Since Kew Is less than 095 including uncertainties at 2 95/95

probability/confidence level, the acceptance critena for criticality is met for the

V. C. Summer Region 3 spent fuel rack for storage of Westinghouse 17x17 fuel
2‘!5

assemblies with nominal enrichments up to 1.4 wio U .

Region 3 Fuel Storage Racks 26
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6.0 SOLUBLE BORON WORTH AND RELAXED LIMITS

6.1 SOLUBLE BORON WORTH

6.2 RELAXED LIMITS WITH 300 PPM SOLUBLE BORON




Fue Boron Reference Reference K.
Storage Concentration Larichment + §5/95 Uncertainty
Regior ppm (w/0
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7.0 DISCUSSION OF POSTULATED ACCIDENTS

Most accident conditions wili not result in an increase in Ket of the rack. Ex-
amples are:

Fuel assembly drop on The rack structure pertinent for criticality is not

top of rack excessively deformed and the dropped assembly
which comes 1o rest horizontally on top of the rack
has sufficient water separating it from the active
fuel height of stored assemblies to preclude
neutronic interaction.

Fuel assembly drop Design of spent fuel rack is such that it precludes
between rack modules the insertion of fuel assembly in other than
prescribed locations.

Fuel assembly drop Design of spent fuel rack is such that it precludes
between rack and wall the insertion of fuel assembly in other than
prescribed locations.

However, four accidents can be postulated which could cause reactivity to n-
crease beyond the analyzed condition. One such postulated accident would be
a loss of the spent fuel pool! cooling system, For the Region 1 and 2 racks,
this accident would not lead to increased reactivity since the heatup would cause
reactivity to decrease. However, for Region 3, this accident could cause a slight
increase in reactivity, Calculations for the Region 3 rack show that if the pool
water temperature were to increase from 68°F to 248°F (approximate boiling
temperature of the bulk coolant at the submerged depth of the fuel racks), re-
activity could increase by about 0.008 AK. At 248°F, voids resulting from
boiling have a negative reactivity effect.

A second postulated accident which could result in increased reactivity would
be a “cooidown” event during which the pool temperature would drop beiow
40°F. This accident would cause reactivity to increase in Regions 1 and 2 only.
Based on temperature sensitivities calculated for Regions 1 and 2, reactivity
would be expected to increase by about 0.0005 AK for a cooldown to 32°F.

A third postulated accident which could result in increased reactivity would be
a vertical fuel assembiy drop into an already loaded cell. For this accident, the
upward axia! leakage of that cell would be reduced, however the effect on rack
reactivity would be insignificant. This is because the total axial leakage in both
the upward and downward directions for the entire spent fuel array is worth only
about 0.003 AK. Thus, minimizing the upward-only leakage of just a single cell
would not cause any significant increase in rack reactivity. Furthermore, the
neutronic coupling between the dropped assembly and the already loaded as-
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sembly would be very low due 10 the several inches of assembly nozzie struc-
ture which would separate the active fuel regions.

The last postulated accident which could increase reactivity would be & fuel
assembly misload inte a position for which the restrictions on location,
enrichment, minimum IFBA content, or minimum burnup are not satisfied. The
reactivity impact of this accident differs for each region due to the unigque rack
geometries and limits, Calculations were performed for each region to evaluate
the effect of misplacing a singie, fresh, no IFBA, 5.0 w/o fuel assembly into
the center of the fully loaded rack. These calculations indicate that the maxi-
mum reactivity effect would occur in Region 3 where this event could cause
reactivity to increase by as much as 0.10 AK.

For occurrences of any of the above postulated accidents, the double contin-
gency principle of ANSI/ANS 8.1-1983 can be applied. This states that one is
not required to assume two unlikely, independent, concurrent events to ensure
protection against a criticality accident. Thus, for these postulated accident
conditions, the presence of soluble boron in the storage pool water can be as-
sumed as a realistic initial condition since not assuming its presence would be
a second unlikely event,

The worth of soluble boron in the V. C. Summer spent fuel pool has been cal-
culated with PHOENIX and is shown in Figure 14 on page 59 for each of the
three storage configurations. As the curves show, the presence of soluble boron
in the pool water reduces rack reactivity significantly and is more than sufficient
to offset the positive reactivity impacts of any of the postulated accidents.
To bound the maximum 0.10 AK reactivity increase from the most limiting ac-
cident (Region 2 assembly misioad), it is conservatively estimated that 400 ppm
of soluble boron is required. This level cf boron is more than sufficient to
mitigate the effects of the worst postulated accident in each region,

Since the V. C. Summer spent fuel pool boron concentration is maintained at a
minimum of 2000 ppm whenever fuel handling operations are active, and since
it is expected this level of boron would remain in the pool between outages,
should a postulated accident occur which causes reactivity to increase, Ken will
be maintained less than or equal to 0.95 due to the effect of dissolved boron.

Additional evaluations of these postulated accidents were performed assuming
the presence of 300 ppm of soluble boron concentration and an initial rack
configuration consistent with the 300 ppm relaxed limits. Due to the presence
of the boron, the reactivity effects of the accidents were reduced. The results
showed the most limiting accident would still be a Region 3 misload, but the
maximum reactivity increase would be reduced to no more than 0.065 AK. To
mitigating this increase, an additional 300 ppm above and beyond the nominal
300 ppm level would be required, bringing the total minimum boron concentrat.on
1o 600 ppm. Again, since the V. C. Summer spent fue! pool boron concentraion
is normally 2000 ppm, should 2 postulated accident occur which cases reactivity
to increase, Ket will be maintained less than or equal to 0.95 due to the effect
of dissolved boron,

Discussion of Postuiated Accidents 32



8.0 SUMMARY OF CRITICALITY RESULTS




shrinkage/gap data. As supported by the measured shrinkage/gap date, the dis-
tribution of gaps within the rack model was baned on random assignment.

Additional criticality calcuiations were performed assuming the presence of a
minimum 300 ppm of soluble boron concentration. Relaxed limits were devel-
oped for each region, consistent with the reactivity worth of the soluble boron,
For Region 1, the maximum enrichment limit is increased to 5.0 w/o with no
requirements for minimum IFBA content. For Regions 2 and 3, relaxed burnup
credit limits were calculated as presented on Figure 15 on page 60 and tabulated
on Table 10 on page 45. The relaxed limits were developed assuming the same
conservative treatment of Boraflex shrinkage and gaps as assumed in the no-
boron evaluations.

The analytical methods employed herein conform with ANS| N18.2-1973, “"Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants,”
Section 5.7, Fuel Handling System; ANSI 57.2-1983, "Design Objectives for LWR
Spent Fue! Storage Facilities at Nuciear Power Stations,” Section 6.4.2; ANSI
N16.9-19785, "Validation of Calculational Methods for Nuclear Criticality Safety”;
and the NRC Standard Review Plan, Section 9.1.2, "Spent Fuel Storage"”.

Summary of Criticality Resuits 34
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Table 4 Benchmark Critical Experiments PHOENIX Comparison

Description of Number of PHOENIX k¢ Using Experiment
Experiments Experiments Bucklings
U0:
A acd < 0.9947
SS clac S 0.9944
Borated H 7 0.9940
5 Dt a 4: :'9444
Metal
= ad 4 1.0012
TOTA 8 0.9978

38



Fue) Peliet Clad Clad Lattice
Case Cell A/Q H20/U Density Diameter Material 00 Thickness Pitech Boron '.‘
Number Type U-23% Ratio (G/CC) (c™) Clag f="3 (O™} (c™) PPM g.’
1 Hexa 1.328 3.02 7.83 1.5265 Aluminum { BS18 07110 2.2080 0.0 o
2 Hexa 1.328 3.9% 7.53 1.5285 Aluminus 1. 6918 07110 23580 0.0
3 Hexa 1.328 4 .85 7.83 1 5288 Atuminum 1 BRI8 07110 2.5120 ¢.0 S’
4 Hexa 1.328 3.92 7.%52 2855 Aluminum 1.1508 07110 1.8580 0.0 2
. Hexa 1.328 4 8% 7.52 2855 Aluminum 1 1508 .07110 1.6520 0.0 -
8 Heva 1.322 2.88 10.583 8728 Aluminum  1.1508 07110 1.5580 2.0 e
7 e 1.328 3.58 10.53 8728 Aluminum 1. 1508 07110 1.8520 0.0 c
8 Hewa 1.328 4.83 10.52 9728 Aluminum 1 1508 07110 1.8080 0.0
a Square  2.734 2,18 1018 7620  $5-204 $594 04085 1t 0287 00 f
10 Square 2.734 2.92 10. 18 7620 §5-304 Buo4 04085 1.1048 0.0 -5
11 Squars 2.734 3.88 1018 7820 $S-304 8534 04085 1.1838 0.0 -
12 Square 2.734 7.02 10. 18 7820 55-304 8594 4085 1.4554 0.0 s
13 Square 2.734 g a0 1018 7820 §5-304 8594 04085 1.5621 0.0 c
14 Square 2.738 10 38 10 18 7620 55-204 8594 04085 1. B8RO 0.0 c
15 Square 2.734 2.50 10. 18 7620 $5-304 8594 04085 1.0617 0.0 o
18 Square 2.734 4 51 10. 18 7620 55-304 8584 04083 1.2522 00 -
17 Square 3. 745 1.50 10.27 7544 $5-304 8800 04060 1.06817 0.0 x
18 Square 3.74% 4 519 10.37 7544 55-304 8800 04080 1.2522 0.0 g
19 Square 2745 4. .51 1037 7544 $5-304 BBOO 04080 1.2522 0.0 ®
20 Square 3,745 4 .51 10.37 7544 $5-204 8600 04060 1.2522 458 0 ™
21 Square 3 745 4. 51 10.37 7544 $5-304 .BBO0 . 04080 1.2522 708.0 5
22 Square 3.745 4.51 10.37 7544 55-304 .BB00 04060 1.2522 1260.0 ®
23 Scuare 3.745 4.51 10.37 7544 $5-304 . 8500 04080 1.2522 1334.0 s
24 Square 3.745 4.51 10.37 7544 $5-304 8800 04080 1.2522 1477.0 2
25 Square 4 069 2.58 9. 48 1.1278 55-304 1.2090 04060 1.5113 0.0 3
28 Square 4069 2.55 9 48 1.1278 $5-304 1.2090 04080 1.5113 3392.0 @
27 Square 4. 069 2.14 9 48 1.1278 $5-304 1.2090 04080 1.4500 0.0 -
28 Square 2.4%0 2.84 10.24 1.0297 Aluminum 1. 2080 08130 1.5112 0.0 h
20 Square 3.037 2.54 9.28 1.1288 §5-2304 1.1701 07183 1.55850 0.0 =
30 Square 3.037 8.16 9. 28 1.1288 $S-304 1.2701 07183 2.1980 0.0 x
31 Square 4. 089 2.59 8. 45 1. 1288 $5-304 1.2701  .07183 1 B550 0.0 s
32 Sguare 4 089 3.53 9. 45 1.1288 $5-304 1.2701 .07183 1.6840 0.0 -
23 Square 4 068 8.02 9.45 1.1288 $S-304 1.2701% 07183 2.1980 00 r
34 Square 4. 089 8.90 9.45 1.1288 $5-304 1.2701 07183 2.3810 0.0 e
a5 Square 2.490 2.84 10.24 1.0297 Alumimms 1. 2080 08130 1.5112 1877.0
as Hexa 2.096 2 08 10.38 1.5240 Aluminum 1. 8818 07112 2 1737 0.0
5 a7 Hexa 2.008 3.09 10 23 1.5240 Aluminum 1.6318 07112 2.4082 0.0
© a8 Hexa 2.098 412 10.38 1.5240 Aluminum 1.8918 07112 2.8152 0.0
39 Hewa 2.098 5. 14 10.28 1.5240 Aluminum 1 8918 07112 2. 9894 0.0
40 Hexa 2.088 8.20 10.38 1.5240 Aluminum 1. 8818 07112 3.3258 0.0
a1 Hexa 1.307 1.01 18.9¢ 1.5240 Aluminum 1 B8168 07112 2.1742 0.0
4z Hexa 1.307 1.51 1890 1.5240 Aluminum 1. 8818 07112 2.4064 co
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Rack Region 1 K
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aiculational & Methodology Biases

Tolerances
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Table & Spent Fuel Rack Region 3 & Summar

Y

Jominal KENO Reference Reactivity 0.9183

Calculational & Methodology Biases
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Final Keftf including Uncertainties & Tolerances 0.9441




. Table 8§ Minimum Absorber & Burnup Requirements No Soluble Boron
> 3 -
Storage Regior Enrichment FBA Rods
w/o in Assembly
Storage Regior Enrichment E“,U'-"’\.Ls
' w/0 MWD/MTU
' "L .b
Note




Table 1( Minimum Absorber & Burnup Reguirements 300 PPM Soluble Boron
Storage Regior Enrichment IFBA Rods
W/0 in Assembly
p Storage Regior Enrichment Burnup
w/0 MWD/MTU
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ATTACUMENT T~

50 CRITICALITY ANALYSIS OF FRESH FUEL RACKS

This section cescribes the analytical technigues and modeis empicyed to per=

form the criticality analysis for storage of fresh fuel in the V. C. Summer fresh
fuel racks.

Since the fresn fuel racks are maintained n 8 dry condition, the criticality
anaiysis wiil show that the rack Kew is less than 0.95 for the full censity ang
'OW gensity opumum moageration congditions. The low censity optimum moder=
2lion scenanoc s an accigent SItUBLION 1N whieh No credit can be taken for
soluble boron. The criticality methog 8N0 cross-section |ibrary are the same
85 those ciscussed in Section 2 of this report.

The following assumptions we'e used o gevelou the nominal case KENO modgei
for the storage of fresh fuel in the fresn fuel racks uncer full gensity and low
gensity cptimum mogeration conditions:

1. The fuel assempbiy conta'ns the highest enrichment authorized. is at its most

resctive point in life, and no cregit is taken for any burnabie poison in the
fuel roags.

e\)

All fuel reas contain uranium dioxide 21 an enrichment of 50 wio U23*
over the infinite length of eacn rod.

4 No credit 15 taken for anv U'?% or U'** in the fuei. ner 1S anv credit
taken for the puildup of fission proguct poison materiai,

4. No credit is taken for any SDacer grids Or spacer sieeves.

Caiculations for these racks have shown that the W 17x17 OFA fuel assembiy
yields 2 larger Kew than does the W 17x17 Standarg fuel assembly when both
fuel assembilies nave the same U'** enrichment in full density water. Thus,

only the W 17x17 OFA fuel assembly was analyzed (See Tabie 2 for fuel pa-
rameters) in full density water.

Criticality Anaivsis of Fresh Fuel Rocks 13




5.1 FULL DENSITY MODERATION ANALYSIS

'n the nominal case KENO moce! for the full density moderation analysis, the
Mogerator is pure water at a temperature of 68°F. A conservative value of
1.0 gmiem? is usea for the gensity of warer. The fuel array is infinite 1n lateral
ang axial extent which preciudes any neutron leakage from the array.

The KENO caiculation for the nominal case resuited in 2 Kev of 0.8235 with 2
95 percent probabiiity/95 percent confidence level uncertainty of +0.0082.

The maximum Kes unger normai congitions arises from zons:deration of me-
chanical and material thickness tolerances resuiting from the manufacturing
process in acditicn 1o asymmetric pesitioning of fuel assembiies within the
siorage cells. Stuoies of asymmetric positioning of fuei assemblies within the
storage cells has snown that Symmetrically placeg fuel assempiies vieid con-
servative resuits in rack Kewt . The manutacturing tolerances are stackec n such
3 manner 1o mMiNiMite tne assembly center-to-center spacing ang the total vois
urne of steel theretv causing 2n increase in resctivity. The sheet metal toler-
sncer are consicerec siong with construction tolerances relateg to the cell I.D.
anc cell center-to-center spacing. For the fresh fual storage racks, the assempiy
center-to-center spacing is reduced from a2 nominal value of 21" to 8 minimum
of 20.84". Thus, the most conservative, or “worst case’, KENO mogel of the

fresn fuel storage racks contains & munirnum water gap of 11.72" with syms=
metrically placec fuel assempiies.

Based on the analvsis desrribed above, the following eguation 1s usoe to ge-
velop the maximum Ken for the V. C. Summer fresh fuel storage racks:

Kett = Kuorst * Bmetmes + -'[(kS"-ovu * (k$)? memou ]

where:
K.ﬂl'

* worst case KEND Kev that inciuces materiai
tolerances, ang mechanical tolerances which
can result in spacings between assemplies
less than nominal

anm

¥ method bizas getermined from benchmark
critical compariscns

Criticality Analysis of Fresh Fuel Racks 4



X Sworst

= ES!SS uncertainty in the worst case KENO
et

K Smenos
= 95/85 uncertainty in the method bias

Substituting caiculated vaiues in the orgder listed aLove, the result I8:
Ke = 0.8235 - 0.0083 + "[{0.0082)* - 0.0018)% ] = 0.8402

Since Kew is less than 0.95 incluging uncertainties at a 95/85 probapility confi-
dence level, the acceptance criteria for criticality is met.

52 LOW DENSITY OPTIMUM MODERATION ANALYSIS

In the low density optimum mogderation anaivsis, the fuel array s infinite in
cnly tne axial exten: which preciuges any neutron leakage from the top or
dortom of the arrav.

Calcuiations nave shown that the W 17x17 STD fuel assempiy yieids 2 larger
Kett than coes tne W 17x17 QFA fue! 2ssembiy when Doth assemblies have the
same U'’" ennchmert at low water densities. Thus, the W 17x17 STD as-
SemCiv was used in the optimum moderation analysis.

Anaiysis of the V. C. Summer racks has shown that the maximum rack Kew under
‘ow censity mogeration conditions occurs at 0.04 gm/em® water censity. The
KENO caicuiation of the V. C. Summer fresh racks at 0.04 gmicm® water gensity
resuitec in a peak Kew of 0.8952 with a 95 percent probability andg 85 percent
confidence level uncertainty of +0.007%. Figure 18 shows the fresh fuel rack
resctivity as a function of the water density.

The minimum ceil center-to-center spacing, rack module spacing ang material
folerances nave been included in the Dase case mooel and result in a storage
cell separation distance of 11.86" ang 2 rack module separation distance of
20.84 inches. Studies of asymmerric posimioning of fuel assemblies within the
storage ceils has shown that Symmetricaliy placed fuel assemblies yieid con-
Servative resuits in rack Kew .

Baseo on the anaiysis described above, the following ecustien is used to de-
velop the maximum Kew for the V. C. Summer fresh fuel storage racks uncer low
gensity optimum moderstion congitions:

Kett & Kpuse * Boermos + VI {k$)2 base + (k$)® memos |

where:

Criticality Ansivsis of Fresn Fuel Racks




Kn .
- * base case KENO Kev that inciudes nominai

mechanical and material dimension

B memoe

¥ method bias determined from benchmark

critical comparisons

K Shase 1 95/88 uncertainty in the base case KENDO Kets

K Smathos

* 95/88 uncertainty in the method bias
Substituting caiculated values in the orger listed above, the resuit is:

Ke = 0.8959 + 0.0083 - /[(0.0079)* - (0.0018)2 1 = 0.9123

Since Kew is less than 0.95 ‘neluding  uncertainties 2t a2 95/08
protability/contidence level, the Bcceptance criteria for criticality is met,

Criticality Analysis of Fresh Fue! Racks 16



60 ACCEPTANCE CRITERION FOR CRITICALITY

The neutron multiplication factor in spent fuel poe! ana fresh fuel vault shaill
be less than or equai to 0.8, including all uncertainties, under ali congitions,

The analvt.cal methods empioyed herein conform with ANS| N*8.2-1873, “Nuy-
clear Safety Criteria for the Design of Stationary Pressurizec Water Reactor
Plants,” Section §.7, Fue: Hancling System; ANSI £7.2:1883, “Design Otjectives
for LWR Spent Fuel Storage Fecilities ar Nuclear Power Stations.” Section 6.4.2;
ANS! N16.9-1878, “Validation of Calculational Methoas for Nuciear Criticatity
Safety.” NRC Stangard Review Flan, Section 8.1.2, “Spemt Fuel Storage”; ang the
NRC guigance, “NRC Position for Review ang Acceptance of Spent Fuei Storage
8nc Handling Applications,” ANS! 57.3-1983, “Design Reguirements for New Fuel
Storaue Facilities at Light water Reactor Plants.”

Acceprance Criterion For Criticality 17



Parameter

Number of Fuel Reds
per Assemply

Rod Zire-% Clad 0.0. (inch)
Clad Thickness (inch)
Fuel Pellet 0.0.{inch)

Fuel Pellet Dengity
(¥ of Theoretical)

Fuel Pellet Dishing Factor
Rod Pitch (inech)

Number of Zirc-4 Guide Tubes
Guide Tube 0.D. (inch)
Guide Tube Thickness (inch)
Number of Instrument Tubes
instrument Tube 0.D0. (inch)

Instrument Tube Thickness
{(inch)

i

Beovissd Sesign S2is shows the Tube 0.0 ano thickness 10 be 0482 eno 0018
will ROVE 1O GIGNITICANT ATTECT DA WK FESUINE SNT CONCILBIONE O Thit SNEIveis.

Table 2. Fuel Parameters Empioyed in Criticality Analysis

W 17x17 OFA

26k
0.360
0.0225

0.3088

36
0.0
0.486
24
O.w74

0.016

O.L74

0.016

W 17x17 STANDARD

26k
C.37%
0.022%

0.3225

2
0.0
0.486
24
0.4B4?

0.018*

0.484"

0.018*

inches respectively. Thess chanpes

19
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Westinghouse Proprietary Class 2 CDB-93-088

Procedure to Calculate the Infinite Muitiplication Factor ;
for the V. C. Summer Region | Spent Fuel Storage Racks

In addition to the supplied IFBA credit curve for storing fuel assemblies with nominal U
enrichments greater than 4.0 w/o in the V. C. Summer Region 1 spent fuel racks, an
alternate method can be used to establish the criticality criteria for storage of IFBA fuel in
the spent fuel storage racks. This method uses the fuel assembly infinite mu.tiplica* -~
factor, k. to establish a reference reactivity. The reference reactivity point i compared to
the fuel assembly peak reactivity to determine its acceptability for storage n tue fuel rack.
The established fuel assembly reactivity, k., as determined for the V. C. Summer Region |
spent fuel racks is 1.460. This method is useful when the fuel assembly type being
considered for storage does not quite satisfy the IFBA credit curve. The procedure to
calculate the infinite multiplication factor for the V. C. Summer Region 1 spent fuel rack is
discussed below. )

The fuel assembly k., calculation is performed using the Westinghouse licensed core design
code PHOENIX-P. The following assumiptions are used to develop the infinite multiplication
factor model:

1. The fuel assembly is modeled at its most reactivity point in life.

2. The fuel pellets are modeled assuming nominal value for theoretical density and
dishing fraction.

3. No credit is taken for any natural enrichment axial blankets.

4. No credit is taken for any U™ or U™ in the fuel, nor is any credit taken for the build
up of fission product poison material.

5. The moderator is pure water (no boron) at a temperature of 68°F with a density of
1.0 gm/cm’.

6. Bumable absorber loading are as-built or nominal less a 5% manufacturing tolerance.
7. Burnable absorber locations are modeied exactly.
8. Part-length burnable absorbers are modeled with a reduced B'® loading based on the

ratio of the absorber length to the fuel rod length. For example, the B' loading for a
108 inch IFBA rod would be reduced by 25% (108 inches / 144 inches).

1of 4




Westinghouse Proprietary Class 2 CDB-93-088

Based on standard core design methodology, ALPHA can be used to run a Hot Full Power
Unit Assembly as shown in Figure I. The results should then be restarted at Cold Zero
Power conditions as shown in Figure 2. These example decks were used to develop the
infinite multiplication factor, k., , of 1.460 which is the limit for acceptable storage in the
Region 1 racks at 4.0 w/o U™,

The example input decks can be modified to determine the reactivity of fuel assembly types
used at V. C. Summer. If the result is less than the k_ limit of 1.460, the fuel assembly
type is acceptable for storage in the Region 1 racks.

D)

W. D. Newmyer
Cniticality Prodact Line Leader
Date: -29 -
Verified: /h W 4 7 9]
M. W. Fecteau
Core Design A
Date: ¢f[24/13
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Westinghouse Proprietary Class 2 CDB-93-088

Figure 1
Sample HFP Input Deck

(ALPHA Loader)
TITLE=SCE&G PHNX UA 170FA 4.00 W/O HFP CONDITIONS
/

CALC@31)= 01 / UNIT(31)= 1 / FILEID(31)= 17OFA40H /

/

/

PUNCH= FALSE / CORE=3LOOP / CATEGORY =2 / 3-LOOP 17X17 PLANT
/ :

POWER = 2775.0/ FROM WCAP-12564 CY6 NDR

THZP = 5570/

TIN = 5548/

LOADING = 66411/ 157%0.423 OFA LOADING

/

ENRICHMENT(1)= 4.0 / TYPEFUEL(1)= 2 / 170FA FUEL ASSEMBLY
/

FRACDENS(1)= 0.950 / UTOPICS(2,1)= 1.0E-20, 1.0E-20 /

/

DISH(1)= 1.2110 / GASPRES(1)= 275.0 / IFBADENS(1)= 0 /
/

ASSEMGEOM(1,1)= 16,1,1,1,6*212,217 / 170FA FUEL ASSEMBLY

/

ASSEMBU(1,1)= **0 / PPM="*%( /
/
/[ ** OFF-NOMINAL RESTART INPUTS **

READFILE(31,1) 170FA40H / READUNIT(31,1) 1/ READSTEP(1,31) 1/
/

RPRESSURE 14.7 / RRELPOW 0/ TCZP 68.0 /
/

STOP
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Figure 2
Sample CZP Input Deck for Final k. Calculation

(ALPHA Loader)

)

TITLE=SCE&G PHNX UA 170FA 4.00 W/O CZP CONDITIONS
/

CALC31)= U3 / UNIT(31)= 1 / FILEID(31)= |70FA40C /

/

!

/

PUNCH= FALSE / CORE=3LOOP / CATEGORY =2/ 3-LOOP 17X17 PLANT
/ -

POWER = 2775.0/ FROM WCAP-12564 CY6 NDR

THZP = 5570/

TIN = 5548/

LOADING = 66411/ 157*0.423 OFA LOADING

/

ENRICHMENT(1)= 4.0 / TYPEFUEL(l)= 2 / 170FA FUEL ASSEMBLY
/

FRACDENS(1)= 0.950 / UTOPICS(2,1)= 1.0E-20, 1.0E-20 /

/

DISH(1)= 1.2110 / GASPRES(1)= 275.0 / IFBADENS(1)= 0 /

/

ASSEMGEOM(1,1)= 16,1,1,1,6*212,217 / 170FA FUEL ASSEMBLY

/

ASSEMBU(1,1)= **0 / PPM=2%) /

/

/[ ** OFF-NOMINAL RESTART INPUTS **

/

READFILE(31,1)= |70FA40H / READUNIT(31,1)= 1 / READSTEP(1,31)= 1 /
RPRESSURE= 14.7 / RRELPOW= 0 / TCZP= 68.0 /

/

STOP
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