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U, 8. Nuclear Regulstory Commission
Attention: Document Control Desk
Washington, DC 20555

South Texas Project Electric Generating Station
Units 1 & 2
Docket No. STN 50~498, STN 50-499
Clarification to the Proposed Amendment to the
Unit 1 and Unit 2 Technical Specifications Regarding the

Spent Fuel Storag: Pool Rack Criticality Analvses

Reference: 1. ST-HL-A%-4093, letter from W.H. Kinsey, HL&P, to
USNRC . Document Control Desk, "South Texas Project
Electric Generating .tation Units 1 & 2, Docket Nos.
STN 50-498, STN 50-499, Proposed Amendment to the
Unit 1 and Unit 2 Technical Specifications",
May 26, 1988,

A telephone conversation between Messrs. G. Dick and L. Kopp
of the USNRC and Messrs. S. Phillips and D.E. Gore of HL&P was held
on May 28, 1992, to discuss some comments which Mr. Kopp had on the
licensing submittal on the South Texas spent fuel storage pool
racks (Reference 1). Mr. Kopp requested that the origination of
the K,, values used in various discussions be clarified. Per his
request, a sentence has been added to the applicable sections of
the submittal for clarification purposes. Please note that the
sentence inserted in the discussions of K,  is paraphrased from
Section 3.3.2 of the Westinghouse criticalfty report (Attachment
2 of Reference 1).

The attached pages reflect the requested changes (marked with
change bars) and editorial changes to figures 1, 2, 7, 9, and 11
of the Westinghouse criticality report.
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Please replace the affected pages in the Reference 1 submittal

with the attached pages.

If you should have any questions on this matter, please

contact Mr., 8. D. Phillips at (512) 972-8472 or me at
(512) 972~7208,

SDP/
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Warren H. Kin JE

Vice President
Nuclear Generation
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UNITED STATE: OF AMERICA
NUCLFAR REGULATORY COMMISSION
In the Matter )
)
Houston Lighting & Power ) Docket Nos. 50-498
)
South Texas Project )
Units 1 and 2 )

AFEIDAVIT

Warren H. Kinsey, Jr. being duly sworn, hereby deposes
and says that he is Vice President, Nuclear Generation, of F uston
Lighting & Power Company; that he is duly authorized to siyn and
file with the Nuclear Regulatory Commission the proposed amendment
to the Unit 1 and Unit 2 Technical Specifi.cations; is familiar with
the content thereof; and that the matters set forth therein are
true and correct to the best of his knowledge and belief.

("\
. ) ,
h;}tnhoq)\itb&ﬁw \ y
Warren H. Kinsey, Erf
Vice Presiuvent, Nucl&ar Generation
STATE OF TEXAS )
)
)

Subscribed and sworn tc before me, a Notary Public in and
for The State of Texas this 3,4 day of jypne , 1992,

'l / S | /

(X Notary Public State of Teans { {:]‘I,{“. i [ ;1 il
.q‘ﬂéfunumuuhmuuww 1 Notary Pabllc lﬁ e TR
- £ Svate of Texas

CONNIE MONTGOMERY
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Safety Evaluation and No Significant Hazards Evaluation
for the
Spent Fuel Storage Pool Rack Criticali‘v Analyses

analyses on the maximum fuel assembly enrichments for each type of
storage rack.

To decide the most appropriate storage location for each fuel
assembly, each fuel assembly will either be categorized, prior to
insertion inte the spent fuel storage racks, by reactivity or
designated as a Category 1 assembly (the default). The reactivity
categories are:

CATEGORY 1:
Fuel in Category 1 shall have an initial nominal enrichment of
less than or equal to 5.0 w/o.

.

CATEGORY 2:
Fuel in Category ? shall meet at least one of the following
criteria:

1) a maximum initial nominal enrichment of 4.0 w/0; or,

2) a minimum burnup as shown on Figure 1: or,

3) a minimum number of Westinghouse Integral Fuel Burnable
Absorper pins, as shown on Figure 2, or a K, ,6 of less
than or equal to 1.445. The fuel assembly K, ,6 shall be
based on a unit assembly configuration (intiﬁgte .n the
lateral and axial extent) in the reactor core geometry,
assuming unborated water at 68°F.

Fuel in Category 3 shall have the minimum assembly burnup
shown on Figure 2.

Fuel in Category 4 shall have the minimum assembly burnup
shown on Figure 4.

Region 1 racks may be used to store Category 1, 2, 3, and 4 fuel.
Category 1 fuel shall be stored in a checkerboard pattern
configuration with Category 3 ~-r 4 fuel, alternating fuel
assemblies ac shown in Figure 5. Category 2, 3, and 4 fuel may be
stored in a close packed arrangement. Empty water cells may be
substituted for fuel assemblies in all cases.

Region 2 racks may be used to store Category 1, 2, 3, and 4 fuel.
Fuel in Categories 1, 2, and 3 ;hall be stored in a checkerboard
pattern configuration alternating fuel assemblies with empty water
cells in a 2 out of 4 pattern, as shown in Figure 6. Category 4
fuel may be stored in a ‘ose packed arrangement or in the
checkerboard pattern described above. Empty water cells may be
substituted for fuel assemblies in all cases.

(deg d: \wpS1\pool\safeval .wp5 $728/92 11:08am)
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Safety Evaluation and No Sigunificant Hazards Evaluation
for the
Spent Fuel Storage Pool Rack Criticality Analyses

neutron absorbing material is a non-removable or integral part of
the fuel assembly once it is manufactured.

In this case, the concept of react!vity equivalencing is based upon
the reesctivity decrease associated with the presence of IFBA‘s. A
series of reactivity calculations, to calculate a fuel ssembly
reference K, ,, 1is performed using PHOENIX. The fuel assembly
reference K, , is based on a unit assembly configuration (infinite
in the lateral and axial extent) in the reactor core geometry,
assuming unborated water at 68°. The tuel assembly containing the
IFBA’'s is depleted to determine the maximum assembly reactivity.
These results are then used to generate a set of enrichment-fuel
assembly IFBA content ordered pairs which yield the equivalent K,
when the fuel is stored in the racks. IFBA credit is only used for
Region 1 racks.

The fuel burnup used in the reactivity calculation is that burnup
which yields the highest eqguivalent K, when the fuel is stored in
the spent fuel racks. Fuel assenmbly depletions performed in
PHOENIX show that for the number of IFBA pins per assembly
considered in this analysis, the maximum reactivity for the rack
geometry occurs at zero burnup. Although the boron concentration
in the IFBA pins decreases with fuel depletion, “he fuel assembly
reactivity decreases more rapidly, resulting in a maximum fuel rack
reactivity at zero burnup.

Uncertainties associated with the IFBA dependent reactivities
computed with PHOENIX are accounted for in the development of the
individual reactivity equivalence 1limits. For IFBA credit
applications, an uncertainty of approximately 10% of the total
number of IFBA pins is accounted for in the development of the IFBA
requirements.

The following equation is used to develop the maximum K, for the
spent fuel storage racks:

Keﬂ e ‘Kuoru * Bnthod * Bpart d I[ (ks)zuorn T (ks)z...modr'

where:

ol oe = worst case KENO K, that includes material, mechanical,
and enrichment tolerances

Bowos = Mmethod bias determined from benchmark critical
comparisons

Boart = method bias to account for Boraflex poison particle
self~shielding

ks ... = 95/95 uncertainty in the worst case KENO K,

(deg d:\wphi\pooi\safevel .wpd 5/28/92 11:10am)
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safety Evaluation and No Sigrificant Hazards Evaluation
for the
Spent Fuel Storage Posl Rack Criticality Analyses

K8 ihog = 95/95 uncertainty in the method pias.

4.2 Region 1 Rack Design

The Region 1 racks have a 10.95 inch-nominal centur-to-center
spacing with locked removable poison assemblies between the cells.
This region is conservatively desigred to accommodate close packed
storage of unirradiated fuel enriched to 4.0 weight percent
uranium-235. Substitnting calculated values for the vorst case K,
and uncertainties and biases in the order listed previcusly, the
result .s:

Ky = 0.9221 + 0.0074 + 0.0014 + ¥[(0.0c41)% + (0.0029)%) = 0.9359

Since K, is less than 0.95 including uncertainties at u 95/95
probabifity/contidence level, the acceptance criteria for
criticality is met for Region 1 close packed storage of fuel
assemblies enriched to a nominai 4.0 w/0 uranium-235.

Storage of close packed fuel with nominal enrichment of greater
than 4.0 w/o is achievable by the use of reactivity equivalencing
for burnup credit and the presence of IFBA pins, as discussed in
Section 4.0.

Reactivity equivalencing for burnup credit allows fuel with an
initial nominal enrichment of greater than 4.0 w/0 to be stored in
a close packed array if the fuel assembly K, is less than the
constant K contour given in Figure 1. This in imum burnup curve
starts at I.o w/0 at 0 MWD/MTU and ends at 5.0 w/0 at 5400 MWD/MTU.
The curve includes a reactivity uncertainty of 0.0018 aK,
consistent with the minimum burnup requirement of 5400 MWD/MTU at
5.0 w/o.

Reactivity equivalencing for IFBA credit allows fuel with an
initial nominal enrichment of greater than 4.0 w/o to be stored in
a close packed arrav if the fuel assembly reference K, is less
than or egual to 1.445. The fuel assembly reference K, 6 is based
on a unit assembly configuration (infinite in the lateral and axial
extent) in the reactor core geometry, assuming unborated water at

68°F. Figure 2 4illustrates the minimum number of 1FBA pins
required in a fuel assembly, as a function of initial fuel assembly
enrichment, for close packed storage in Region 1. This curve

starts at 4.0 w/0 and no IFBA pins and ends at 5.0 w/0 and 80 IFBA
pins.

(deg di\wpS1\pacl\satfeval .wpb 5/28/92 11:120m)
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computed with PHOENIX. An uncertainty which increases linearly
with burnup, passing through 0.01 saK at 30,000 MWD/MTU is applied
to the PHOENIX calculational results in the development of the
burnup requirements. This uncertainty is considered to be very
conservative and is based on consideration of the good agreement
between PHOEN1X predictions and measurements (Reference 4.3-37) and
on conservative estimates of fuel assembly isotopic buildup
variances.

Reactivity cred « for the presence of Westinghouse Integral Fuel
Burnable Absorbers (IFBA) (Reference 4.3-37) in fuel assemblies is
also achieved by the use of reactivity equivalencing (Reference
4.3-37). 1FBA’s consist of neutron absorbing material applied as
a thin 2rB, coating on the outside of the UO, fuel pellet. As a
result, the neutron absorbing material is a non-removable or
integral part of the fuel assembly once it is manufactured.

In this case, the concept of reactivity equivalencing is kased upon
the reactivity decrease associated with the presence of IFBA’s. A
series of reactivity calculations, to calculate a fuel assembly
reference K, ,, is performed using PHOENIX. The fuel assembly
reference K,  is based on a unit assembly configuration (infinite
in the lateral and axial extent) in the reactor core geometry,
assuming unborated water at 68°F. The fuel assembly containing “he
IFBA‘s is depleted to determine the maximum assembly reactivity.
These results are then used to generate a set of enrichment-fuel
assembly IFBA content ordered pairs which yield the equivalent K
when the fuel is stored in the racks. 1FBA credit is only used for
Region 1 racks.

The fuesl burnup used in ¢t - reactivity calculation is that burnup
which yields the highest ,uivalent ¥, when the fuel (s stored in
the spent fuel racks. Fuel assemb&y depletions perforred in
PHOENIX show that for the nunber of IFBA pins per assembly
considered in this analysis, ihLe maximum reactivity for the rack
geometry occurs at zevro burnup. Although the boron con‘entration
in the IFBA pins decreases with fuel depletion, the fuel assembly
reactivity dec.eases more rapidly, resulting in a maxinum fuel rack
reactivity at zero burnup.

Uncertainties associated with the IFBA dependent reactivities
computed with PHOENIX are accounted for in the development of the
individual reactivity equivalence limits. For 1FBA credit
applications, an uncertainty of approximately 10% of the total
number of IFBA pins is accounted for in the development of the IFBA
requirements.

The following equation is used to develop the maximum K, for the
spent fuel storage racks:

(deg d:\wpSizpool\safeval .wpb 5728792 11:14am)
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- worst case KENO K, that includes material, mechanical,
and enrichment toierancea
By = Method Dbias determined from benchmark critical
comparisons
Bt = method bias to account for Boraflex poison particle

self-shielding
kS,,.,. = 95/95 uncertainty in the worst case KENO K,
K8 inod 95/95 uncertainty in the method bias.

Substituting calculated values in the order listed r"9ove, the
result is:

K , = 0.9221 + 0.0074 + 0.0014 + V[ (0.0041)% + (0.0029)%) = 0.9359

Since K, is less than 0.95 including uncertainties at a 95/95
probabif&ty/confidence level, the acceptance criteria for
criticality is met for Region 1 close packed storage of fuel
assemblies enriched to a nominal 4.0 w/0 uranium=-235,

Storage of close packed fuel with nominal enrichment of greater
than 4.0 w/0 is achievable by the use of reactivity equivalencing
for burnup credit and the presence of IFBA pins, as discussed in
Section 4.3,2.6.2.1.

Reactivity equivalencing for burnup dit allows fuel with an
initial nominal enrichment of great in 4.0 w/0 to be stored in
a close packed array if the fuel assembly K, is less than the
constant K, contour given in Section 5.5 of the Technical
Specifications. This minimum burnuvp curve starts at 4.0 w/o at
0 MWD/MTU and ends at 5.0 w/0 at 5400 MWD/MTU. The curve inciudes
a reactivity uncertainty of 0.0012 ak, consistent with the minimum
burnup reguirement of 5400 MWD/MTU at 5.0 w/o.

Reactivity eguivalencing for IFBA credit allows fuel with an
initial nominal enrichment of greater than 4.0 w/o to be stored in
a close packed array if the fuel assembly reference K, , is less
than or equzl to 1.445. The fuel assembly referance K, . is based
on a unit assembly configuration (infinite in the 1ateraT and axial
extent) in the reactor core geometry, assuming unborated water at
68°F. A figure refiecting this constant K, , is given in Sec*ion 5.6
of the Technical Specificacions. This curve reflects the minimum
number of IFBA pins required in an assembly for close packed
storage. The curve starts at 4.0 w/o and no IFBA pins and ends at
5.0 w/o and 80 IFBA pins.

The IFBA absorber material is a zirconium diboride (2rB,) coating
on the outside of the fuel pellet (Reference 4.3-37). Each IFBA
pin has a nominal poison material loading of 1.57 milligrams B' per
inch, which is the minimum standard loading offered by Westinghouse
for 17x17XL/STD fuel assemblies. The IFBA B loading is reduced

(deg d:\wpb1\pool \sateval .wph 5/28/92 11:16am)
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ATTAHMENT 4 Page T18~5.6~1

INSERT T§ 5.6~2

Prior t> insertion into the spent fuel storage racks, each
fuel assembly shall be categorized by reactivity, as
discussed below, or be designated as a Category 1 fuel
assembly. All fuel enrichment values are initial nominal
uranium-23% enrichments. The reactivity categories are:

.

CATEGORY
Fual in Category 1 shall have an initial nominal
enrichmer* of less than or equal to 5.0 w/e.

.

CATEGORY 2:
Fuel in Category 2 shall meet at least one of the
following criteria:

1) a maximum initial nominal enrichment of 4.0 w/0;
or,

2) a minimum burnup as shown on Figure 5.6-1; or,

3) a minimur number of Westinghouse Integral Fuel
Burnable Absorber pine, as shown on Figure 5.6-2,
or a K, of less than or equal to 1.445. Th~ fuel
assunbly K, fhall be based on a unit asuvembly
configuration (infinite in the lateral and axial
extent) in .he reactor core geometry, assuming
unborated w.ter at 68°F.

The IFBA rod reguirements shown in Figure 5.6-2 are
based on an IFBA linear B' locading of 1.57 mg-
B'%/inch. For higher IFBA linear B' loadings, the
required number of IFBA rods per assenmbly may be
reduced by the ratio of the increased B' loading to
the nominal 1.57 mg-B'%/inch loading.

CATEGORY 3:
Fuel in Category 3 shall have the minimum assembly burnup
shown on Figure 5.6-3.

CATEGORY 4:
Fuel in Category 4 sheall have the minimum assembly burnup
shown on Figure 5.6-4.

Data points for the curves presented in Figures 5.6-1
through %.6-4 are presented in tables on the respective
figures. Linear interpolation between table values may be
used for intermediate points.

Region 1 racks may be used to store Category 1, 2, 3, and
4 fuel. Category 1 fuel shall be stored in a checkerboard
pattern configuration with ¢ategory 3 or 4 fuel,
alternating fuel assemblies as shown in Ficure 5.5-5,

(deg d:\wpit\pool\safeval .wph 5/268/92 11:22am)




Revised 06/C1/92

171"
0.06° === .
=.03" 304L §§ -——‘ |
0.085"304L SS Walls . I———gg;;;g:{asfgu
v N '
| et ot |
v T\ |
890 | ’ Loy :f- 5
Cell Inside H 1.32 B [
Dimension ' % : fy? :
A 1k 3
(SC) lo's ‘
Yy
10.95° Pitch i E |
" b, M »

L/

/

/

¢
‘.

-

f
Y

\/

Bfraﬁex ? ‘
x 17§"5Le\:1v‘d; ’
@ 0.02 g/em? s?}o ‘ ’ (WB)
WATER BOX ' ’
f /
¥ ¢
e S~

"

'.’

Approximately 2x Scale “ '
Region 1 Racks .‘ WATER BOX “
Figure 1 South Texas Region 1 Spent Fuel Storage Cell Nominal

Dimensions



2

DXL R I ISR I A IR X

-

N

4
N

X X
R
e %
rd %!
X *
A\ y A
» >
b4 | s
* Cell Inside Dimension: 8.90" &
O Pitch: 9.15" ) :
% Walls: 0.085" 304L §§ e
ol Buraflex: 0.075" x 7.5 x 173° S
»d @0.02g/em2 B-10 Ny
7 &
D(] "
o Kd A
X )
o 4
X =
B (5
5

(/
-

Not to Scale
Region 2 Rack - South Texas Project

Figure 2 South Texas Region 2 Spent Fuel Storage Cell Norm
+ 1€ Lé N




Revised 06/01/92

~

N

~

~

~
~
~
S—.E

|
j
1
!

|
|
|
|
-
T
é
s
{
i

- T0 - CENTER

4.5

Y235 EN!I&;:ENT (w/0)

140y

e X

11.48

10.98

"ENTER-TO~CENTER SPACING (Inches)

10.43

BORAFLEX 810 LOADING (6/cu2)

01

Figure 7 South Texas Region 1 Close Packed Reactivity Sensitivities

46

Summary



Kef f

Revised 06/01/92

ENRICHMENT

CENTER - TO - CENTER

- . e s e s aw %

e c—————— s i —

-5 0.0 ‘ 5
ENRICHMENT DELTA (w/o)
10.48 10.98 11.48
CENTER-TO-CENTER SPACING (Inches)
01 .02 .03
Be"AFLEX B'0 LoapInG (5/cu?)
Figure 9 South Texas Region 1 Checkerboard Reactivity Sensitivities
48

Summary of Criticality Results



Revised 06/01/92

1.00 ;
| | | | o
! ; : /
b 2 T 7
| | | | | 5'
960 ' 1 -
e | o
" o ] R
. a ol i o ‘ : | ; ; IL
s I RS NN SN T —"—
2 | | I B e
b : { | 1 ,
o f / o
- e Z ] =
' ' e e |
- | /| | | | T
. [~ | | |
> {0 O 4 AR b
. ! { | I
/4 ENRICHMENT | | |
/| | CENTER - TO - CENTER | |
2 o | 1.7 | 2.2
U235 ENRICHMENT (w/o)
8.90 9.1 9.4
CENTER-TO~CENTER SPACING (inches)
01 0 03
BORAFLEX B'0 LOADING (G/cu2)
Figure 11 South Texas Region 2 Close Packed Reactivity Sensitivities

Summary

3f Criticality Results

wn



