
. . . - _ _ _ - - . - . - . - - - -- - . . . - - . ~ . - . - -

"o
5

,

Domestic UtilitDs internettonal UtilitEs ,
,

* 4[' gO Arnercan Electre Powsr Houston LiDhting & Power Soutnern Nucisar Emetrabel'
,

ye Carohna Power & Light hew York Power Autnonty Tennessee Vahey Authonty Kansar Electre Power

g Comrnonwealth Edison Northeast Utilities TU Eiectric ko'ea Emet.c Power,
Consoldated Edison Northern States Powe' Union Electne Nuclear Electne pc

k Duquesne Light Pacitc Gas & Emetne Virginia Power Nuklearna Elektrana

Oy(""*'' yO
Duke Power Public bervce Electre & Gas Wisconsin Epectnc Power Spanish Utihtieso

$. o Georgia Power Flocnester Gas & Eiectric Wisconsin Pubic Servce Taiwan Powerg
Fiorca Power & Light South Carchna Electre & Gas Wolf Creek Nucisar Vattentac

.

,

OG-96-091 WCAP-14416-NP
Project Number 6943

October 18,1996
~

,

E

| Document Control Desk
U.S. Nuclear Regulatory Commission

.

*

Washington, D.C. 20555

Attention: Chief, Planning, Program and4

Management Support Branch

; Attention: Mr. Laurence Kopp, Sr. Reactor Engineer
j Reactor Systems Branch

Division of Systems and Safety Analysis
;

Subject: Westinghouse Owners Group
Transmittal of Pane Revisions to WCAP 14416. Rev. O. Entitled "Westinnhouse,
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!

: .1.0 . Introduction
l The purpose of this report is to document the Westinghouse Spent Fuel Rack Criticality
; Methodology that ensures the spent fuel rack multiplication factor R g, is less than 0.95 aseQrecommended by ANSI 57.2-1983m and NRC guidance . The individual sections of this report

demonstrate the codes, methods and techniques used to satisfy this criterion on K g.e

Section 2.0, Computer Code Methods and Benchmarking, explains the computer codes used in
the evaluation of the spent fuel rack K,g calculations. The methodology of the NITAWL-II.
XSDRNPM-S. and KENO-Va codes is discussed and benchmark results are presented to establish
a methodology bias and bias uncertainty. The PHOENIX-P computer code is also discussed in

'

this section. PHOENIX-P is a nuclear design code used primarily for core reactor physics
i

calculations but maintains the capability to simulate spent fuel storage rack geometries. The

| benchmarking of PHOENIX-P is discussed here.

In Section 3.0. Spent Fuel Rack Criticality Calculations. the maximum fresh fuel assembly
.

i enrichments that can be stor-d in the spent fuel racks are determined. The details on the
j assumptions made to model tne spent fuel storage racks and the use of the results are also

| presented. Specific details are presented on KENO-Va calculations. PHOENIX-P tolerance
i calculations and the final 95/95 K gdetermination.e

..

.

To allow higher enrichments than those determined in the previous section. Section 4.0.
i Reactivity Equivalencing Methodology, discusses the techniques used to allow higher fuel

i assembly enrichments to be stored in the spent fuel storage racks by taking credit for fuel
assembly burnup and Integral Fuel Bumable Absorbers (IFBA). This section defines the concept
of reactivity equivalencing and discusses the assumptions and uncertainties associated with each

; reactivity equivalencing technique. The use of PHOENIX-P in each reactivity equivalencing
; methodology is discussed.

To completely cover possible off-normal conditions in the spent fuel storage racks. Section 5.0.
Postulated Accident Methodology, defines the postulated spent fuel rack accidents which are
considered in the spent fuel rack criticality analysis. The methodology used to determine the

;

i reactivity impact of these accidents is discussed. Finally, the application of the double
i contingency principle to these spent fuel rack postulated accidents is presented which allows
; credit for spent fuel pool soluble boron to offset the potential reactivity increase caused by these

|
off-normal conditions.

i Finally. Section 6.0. Soluble Boron Credit Methodology. defmes how the three previous sections
are applied when credit for spent fuel pool soluble boron is used under normal storage4

configuration conditions. .The nemal storage configuration is defined using the mammum

! fe :iHe no soluble boron 95/95 K gcalculation to ensure that the spent fuel _ rack K gwill be lesse e

than 1.0 with a reactivity allowance for uncertainties and tolerances and with no soluble boron
under semal specified storage conditions. Soluble boron credit is then used to c&et *he |'

=en !mie :nd tder:nce::nd maintain K gless than or equal to 0.95 as explained. The use ofi e

soluble boron credit for reactivity equivalencing uncertainties is discussed. The calculation of
postulated accidents crediting soluble boron is discussed. Finally, a summary of all the soluble '

4

boron credit requirements is presented.

Introduction 1
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3.0. Spent Fuel Rack Criticality Calculations
This section describes the analytical techniques and models employed to perform the criticality
analysis calculations for spent fuel storage racks.

Section 3.1 describes the fresh fuel assembly reactivity calculations performed for the spent fuel
storage racks using defined nominal enrichments. storage configuration and rack conditions.,

Section 3.2 describes the tolerance calculations used to detennine the reactivity uncertainty
associated with fuel assembly and storage rack tolerances. Finally. Section 3.3 discusses the fmal;

95 percent probability with a 95 percent conhdence interval (95/95) Kg calculation performed to j
'

ensure Kg is less than or equal to 0.95. '

.

3.1 Reactivity Calculations using KENO-Va

To show that storage of fuel assemblies in the spent fuel storage racks satisfies the 0.95 Kg
criticality acceptance criteria. KENO-Va is used to establish a nominal reference reactivity using
fresh fuel assemblies.

The following are the basic assumptions which are used to develop the nominal case KENO-Va |
model for the spent fuel storage rack calculanon:

,,

Spent Fuel Rack Storage Cell: The nominal spent fuel rack storage cell dimensions are used.

Fuel Assembly Types: The fuel assembly parameters relevant to the criticality analysis are
listed in Table 5 on page 22. All fuel assembly types considered for storage in the spent fuel

,

storage racks must be evaluated. |

| Fuel Rod Enrichment: The nominal fresh fuel enrichment rode! d 9-loaded into each fuel
pin is modeled. The pin locations within a fuel assembly with multiple enrichments will be
considered. if applicable. The maximum fuel rod enrichment loaded into the fuel rods is
limited to 5 0 w>o %
Fuel Pellet Density and Dishing Fraction: The nominal values for theoretical density and
dishing fraction of the fuel pellets are modeled.

Axial Blankets: If axial blankets are modeled. the length and enrichment of the blanket fuel
pellets are considered.

236 234 236234 U and U: No amount of U or C is modeled in the fuel pellet.

Spacer Grids or Sleeves: No amount of material from spacer grids or spacer sleeves is
modeled in the fuel assembly.

Burnable Absorbers: No amount of bumable absorber poison material is modeled in the fuel
assembly.

Fission Product Poisons: No amount of fission product poison material is modeled in the fuel
assembly.

Moderator Temperature and Density: The moderator is pure water (no boron) at a
3temperature of 68*F and a density of 1.0 gmecm

,

.

Spent Fuel Rack Criticality Calculations 5
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Based on the most reactive time after shutdown study and the uneenainty in the PHOENIX-P

calculations, the burned fuel assembly is restaned in PHOENDC-P at various bumuy5 steps with no
i

fission product decay at cold (68'F) spent fuel storage rack conditions with all 1 Xe removed. !
; The 4 results from these calculations are compared to the nominal rack condition ( at cold

spent fuel storage rack conditions with the zero burnup enrichment. An equivalent burnup at each'
,

higher enrichment is determined by fmding the burnup which yields a ( (including uncertainty) !i equal to the zero burnup enrichment nominal rack condition L. Multiple sets of
bumup-enrichment pairs are used to establish a bumup credit curve which covers the enrichment
range of the zero bumup enrichment to the highest enrichment stored in the spent fuel racks.

'

It is imponant to recognize that the curve is based on calculations of constant rack reactivity. In
! this way. the environment of the storage rack and its influence on assembly reactivity is implicitiv
] considered. I

|

To better illustrate this methodology, a sample bumup credit curve is provided in Figure 2 on
i

page 27. Note in Figure 2, the endpoints are (0 MWD /MTU, 2.0 wio 235U) and '
;

1 (MM.000 MWD /MTU,5.0 w/o 235U). The interpretation of the endpoint data is as follows: the
i reactivity of the spent fuel rack containing 5.0 w/o 235U fuel at MM,000 MWD /MTU is

equivalent to the reactivity of the rack containing 2.0 w/o 235U fresh fuel. The endpoint data at
! 5.0 w o includes a reactivity uncenainty of 0MELQ12 AK consistent with the minimum bumup
; requirement of MM,000 MWD /MTU. Reactivity uncertainty is also applied linearly to all points ' '

on Figure 2 consistent with Figure 1.

i
4

As pan of the burnup credit calculation, no specific uncenainty is added for measured bumup,

predictions. Uncenainty associated with measured bumups is dependent on the code or method
-

i used to predict the measured bumup. Additional bumup necessary to offset any measured bumup
uncenamty must be added to the burnup credit requirement determined by the criticality analysis
to determine the fmal acceptance curve for burnup credit.

: The effect of axial bumup distribution on assembly reactivity has been considered in the
;

development of the burnup credit methodology. Westinghouse evaluations (20 have been
performed to quantify axial bumup reactivity effects and to confirm that the reactivity

-

equivalencing methodology described above results in calculations of conservative bumup credit
: limits. The evaluations show that axial burnup effects can cause assembly reactivity to increase

only at bumup-enrichment combinations (ex. 4.0 wio 235U @ 40,000 MWD /MTU) which are
i well beyond those typically calculated for bumup credit limits. Additional accounting for axial

burnup distribution effects is not necessary provided the burnup credit required does not exceed
the previously determined limits. These limits are presented in Table 6 on page 23.

4 4.2 Integral Fuel Burnable Absorber (IFBA) Credit

Storage of fresh fuel assemblies with nominal enrichments greater than those allowed by the
methodology in Section 3.0 is achievable using reactivity equivalencing. The concept of
reactivity equivalencing is predicated upon the reactivity decrease associated with the addition of
Integral Fuel Bumable Absorbers (IFBA). IFBAs consist of neutron absorbing material applied

,

; Reactivity Equivalencing Methodology 9
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6.0 Soluble Boron Credit Methodology -

This section describes the analytical techniques and models employed to perform the criticality
analysis calculations for spent fuel storage racks with credit for spent fuel pool soluble boron.

1Section 6.1 describes the nay.; .u-- fe2:!ble no soluble boron 95/95 K gcalculation performed |
'

e

for the spent fuel storage racks to show that K gis less than 1.0 with a reactivity allowance for the |e

uncertaintv nresented bv fuel assembly and storage rack tolerances and no soluble boron credit. '

1
Section 6.2 describes the 'clerance c2!:u! :icn: used '^ dete- ;ne 'he uncenair'y preser:ed '; '

se! Ome-+'y 2nd -'enge m:!: !c!emnce: 2nd the use of spent fuel pool soluble boron to sh
ene re29"*' uncen2ir'.ie: Ond maintain K g less than or equal to 0.95. Section 6.3 discusses'k

e

- the reactivity equivalencing calculations as performed with soluble boron credit. Section 6.4
1

discusses the calculation of postulated accident conditions with soluble boron credit. Finally.
Section 6.5 summarizes the total soluble boron credit required by the spent fuel rack criticality
analysis.

'
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6.1 No Soluble Boron 95/95 K ri.

The no soluble boron 95/95a K. calculation defmes the storage conficuration for fuel assembliesg
in the snent fuel storage racks such that the 95 nercent nrobability at a 95 nercent confidence level

Qis less than 1.0 The no soluble boron 95/05 Kd uses the same assumntions listed in Section
3.1. the same tolerances considered in Section 3.2 and the same biases and uncertainties
considered in Section 3.3. The calculation is nerformed at cold conditions with no soluble boron
in the snent fuel nool water.

i
The fmal eauntion for determining the no soluble boron 05/95 K. is shown below: '

g

Kd = Lomma11Hmethedd mp10self ~ Eunten if-.J !it

|

Lemmal 5 nominal conditions KENO-Va Kg

Omethod 5 method bias determined from benchmark critical comnarisons

B, 5 temnerature bias.

MHg. 5 B self shieldine bias. if annlicable. *-

Ba 5 statistical summation of uncertaintv comnonents =

n

[ ( ( toleran c e, . . . or. . . un certain ty, )2 ) for n tolerances uncertainties.
IE |

The storage connguration used to calculate the =W.= f=% no soluble boron K g using thee

above cquation must be less than 1.0 with no soluble boron. This storage configuration is the
basis for fuel assembly storage in the spent fuel pool with credit for soluble boron.

6.2 Soluble Boron Credit K rre

To maintain adequate safety margin for criticality in the spent fuel storage racks. the K,gof the
spent fuel storage racks will be shown to be less than or equal to 0.95 with allowances for
tolerances and uncertainties in the presence of spent fuel pool soluble boron. The same

| assumptions of Section MfL1 are applied here. The only difference between these assumptions
and the calculations performed here is the presence of spent fuel pool soluble boron. A spent fuel
pool soluble boron concentration is chosen which will provide a K g that is less than or equal toe
0.95 when biases, tolerances and uncertainties are included. The tolerance calculations are
performed assuming the presence of this spent fuel pool soluble boron concentration. The fmal

| 95/95 K gcalculation is detemiined using equation 6.1 on page 14. The final 95/95 K gwill bee
e

shown to be less than or equal to 0.95 with allowances for biases, tolerances and uncertainties
including the presence of the determined concentration of spent fuel pool soluble boron.

Soluble Boron Credit Methodology 14
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6.3 . Reactivity Equivalencing with Soluble Boron Credit

The reactivity equivalencing methodology with soluble boron credit is similar to the methodologv
discussed in Section 4.0. The major differences are that the reactivity equivalencing calculations

| are performed based on the mn%um fe2:!b!: no soluble boron 95/95 K gstorage conditions ande

the uncenainty associated with the reactivity equivalencing methods are covered using credit for
soluble boron. A detailed discussion on the specific calculations required for each type of
reactivity equivalencing method follows.

6.3.1 Fuel Assembly Burnup Credit with Soluble Boron Credit

The reactivity equivalencing methodology for burnup credit with soluble boron credit is similar to
the methodology discussed in Section 4.1. The first major difference is the basis for the
PHOENIX-P reactivity calculations. The spent fuel rack restarts with bumed fuel assemblies use
spent fuel rack conditions which are established using the assumptions of the m=%um fendMe
no soluble boron 05/951(gdefined in Section 6.1. Using this set of conditions guarantees the
spent fuel racks will not return critical under conditions 01 no soluble boron for the storage of
bumed fuel assemblies. As shown later in this section. the amount of soluble boron required to
ensure K gremains less than or equal to 0.95 will also be determined.e

''

The second major difference is the reactivity uncertainty associated with the burnup credit
calculations and the uncertainty associated with measured burnup. A reactivity bias is typically
applied to the reactivity calculations to account for uncertainties associated with the depletion of
the fuel assembly and reactivities computed with PHOENIX-P. Also, if necessary. additional

~

uncertainty is added to the burnup credit requirement to account for uncertainty in the measured

| bumup. Since the mn%um ferib!: no soluble boron 95/05 K gcondition contains no solublee

boron, calculations will be performed at the highest burnup requirement to determine the amount
of soluble boron needed to maintain 1(gless than 0.95 including the appropriate uncenainty for
depletion etTects and PHOENIX-P calculations (see Figure 1 on page 25) and appropriate amount
of uncertainty on measured bumup. The increase in boron required to offset these uncenainties
will be included in the fmal soluble boron credit requirement.

6.3.2 IFBA Credit with Soluble Boron Credit

The reactivity equivalencing methodology for IFBA credit with soluble boron credit is similar to
the methodology discussed in Section 4.2. The number of IFBA rods required and the infinite
multiplication factor calculations will be detennined using the configuration assumed in the

j m=%um ferib!: no soluble boron 95/95 K gdefined in Section 6.1. Using this configuratione

guarantees the spent fuel racks will not return critical under conditions of no soluble boron. As
shown later in this section, the amount of soluble boron required to ensure K gremains less thane

or equal to 0.95 will also be determined.

The uncenainty associated with the determination of the IFBA rod requirement will be oTset with
10

credit for soluble boron. The uncertainties include the 5% decrease in IFBA B loading for
manufacturing uncertainty and 10% decrease in the number of IFBA rods for calculational
uncenainty. To ensure that K gis maintained less than 0.95, calculations will be performed whiche

Soluble Boron Credit Methodology 15
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include enough soluble boron to offset the reactivity increase cause by a 5% decrease in IFBA 30 B
loading and 10% decrease in the number ofIFBA rods for calculational uncertainty. The increase
in boron required to offset these uncertainty values will be included in the final soluble boron
credit requirement.

The calculation of the infmite multiplication factor for IFBA credit remains the same as
Section 4.2.2. The fuel assembly enrichment is defined by the no soluble boron 95/95 storage
configuration of Section 6.1. The uncertainty of 0.01.1K associated with the iminite i

multiplication factor calculation is still applied.
1

6.4 Postulated Accidents with Soluble Boron Credit

The postulated accidents will be considered in the same manner as discussed in Section 5.0. The
major differences are in the presence of soluble boron and the interpretation of the double
contingency principle.

For the postulated accidents which cause a reactivity increase. the amount of reactivity increase
will be calculated as before except the amount of soluble boron as determined in the calculations
of Section 6.2 will be present. Based on the double contingency principle. one is not required to

I
assume two unlikely, independent, concurrent events to ensure protection against a criticality

,

accident. Therefore, the presence of soluble boron in the storage pool water at normal
concentrations (typically 2000 ppm) can be assumed as a realistic initial condition since not

!
assuming its presence would be a second unlikely event. )

To determine the reactivity decrease associated with spent fuel pool soluble boron, the reactivity )
change due to the presence of spent fuel pool soluble boron is calculated using PHOENIX-P. i

Using the results of the PHOENIX-P soluble boron worth calculations. the amount of soluble
boron required to offset each reactivity increase caused by accident conditions is determined. The
sum of the boron concentrations of Sections 6.2 and 6.3 is the starting point to determine the
amount of additional soluble boron needed to offset the reactivity increase caused by the
postulated accidents.

6.5 Soluble Boron Credit Summary

To summarize the soluble boron credit calculations. there are four calculations performed using
the soluble boron credit methodology which determine three soluble boron credit concentrations.
The four calculations are listed below. I

1. Determine the storage configuration of the spent fuel racks using mW= f=ible nR_
soluble boron 95/95 K,gconditions such that K,gis less than 1.0.

2. Using the resulting configuration from the previous step, calculate the spent fuel rack K ge

with soluble boron. Next determine the reactivity uncertainty associated with fuel assembly
and storage rack tolerances and combine with the biases and other uncertainties to determine
the final 95/95 K,g at the concentration of spent fuel pool soluble boron which maintains K,g
less than or equal to 0.95. |

I

|

Soluble Boron Credit Methodology 16 ;
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| 3. ,Use reactivity equivalencing methodologies to determine burnup or IFBA credit for enrichments

higher than allowed in step 1. Use soluble boron credit to offset uncertainties associated with eachi

! methodology, as appropriate. *

|

l 4 Determine the increase in reactivity caused by postulated accidents and the corresponding additional
amount of soluble baron needed to offset these reactivity increases.

|

The fmal soluble boron credit requirement is the summation of the boron credit requirements determined
in steps 2. 3 and 4 above. The following equation relates these requirements. |

.
SBCTOTAL = SBC93,93 + SBCgt + SBCpa 16.2)

|
'

;

where: '

i

TOTAL total soluble boron credit requirement < ppm). ;SBC *

SBC93 95 soluble boron Credit required for 95,95 K,gless than or |
*

! equal to 0.95 (ppm).

| SBCRE soluble boron credit required for reactivity equivalencing=

'

methodologies (ppm). 1

,,

SBCp3 soluble boron credit required for K,gless than or equal to=

0.95 under accident conditions (ppm). |

|

The total soluble ooron credit requirement along with the storage configuration specified in the mawam
,

| f:=ible no soluble boron 95/95 K g calculations shows that the spent fuel rack K g will always be less I
e e

than or equal to 0.95. Further the =9.= f:=!b!: no soluble boron 95/95 K g storage configuratione

will ensure the K g remains less than 1.0 with no soluble boron in the spent fuel pool.e

|

|

| l

!
i i

b |

;

A

;

I
4

,

:
!

:

!
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| . . Table 6. Axial Burnup Reactivity Bias for PHOENIX-P

Fuel Assembly 3.0 w/o 4.0 w o 5.0 wio
Bumup Enrichment Enrichment Enrichment

| (MWD /MTU) Bias (pcm)* Bias (pcm)* Bias (pcm)* l_

I I

O -252 -252 -254 )
20.000 -492 -576 -610

'

30.000 -248 -372 -463 {
40.000 39 -S- -240

|

50.000 211 1S~ l7 i
60.000 302 426 312 !

*

| pcm is defined as in (kyk,)* lE5

|

|

..

!

1
!

|

|

.

|
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1
1

1
I
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