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SERTAL: LAP-83-483
0CT 21 1983

Mr. Harold R. Denton, Director

Office of Nuclear Reactor Regulation

United States Nuclear Regulatory Commission
Washington, DC 20555

SHEARON HARRIS NUCLEAR POWER PLANT
UNIT NOS. 1 AND 2
DOCKET NOS. 50-400 AND 50-401
DRAFT SAFETY EVALUATION REPORT OPEN ITEMS
AUXILIARY SYSTEMS BRANCH

Dear Mr. Denton:

This submittal i3 in response to an NRC reviewer's request for
additional information addressing the criticality analyses for the spent fuel
racks referred to in CP&L's letter dated October 11, 1983, Serial
No. LAP-83-472 and completes all requested information for draft SER Open
Item 360.

Enclosed are:

1. One (1) copy of Westinghouse "Shearon Harris Spent Fuel Rack
Criticality Analysis” (Proprietary).

2. Forty (40) copies of Westinghouse “Shearon Harris Spent Fuel Rack
Criticality Analysis" (Non-Proprietary).

3., One (1) copy of Application for Withholding (CAW-83-86) (Non-—
Proprietary).

4, One (1) copy of Affidavit (CAW-83-16) (Non-Proprietary).

This submittal contains proprietary information of Westinghouse
Electric Corporation. In conformance with the requirements of 10CFR
Section 2.790, as amended, of the Commission's regulations, we are enclosing
with this submittal an application for withholding from public disclosure and
an affidavit. The affidavit sets forth the basis on which the information may
be withheld from public disclosure by the Commission.
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Harold R. Denton -2~

Correspondence with respect to the affidavit or application for
withholding should reference CAW-83-86 and should be addressed to R. A.
Wiesemann, Manager, Regulatory & Legislative Affairs, Westinghouse Electric
Corporation, P. O. Box 355, Pittsburgh, Pennsylvania 15230.

Yours very truly,

j27 & 75'25533%?5&
M. A, McDuffie
Senior Vice President
Nuclear Generation

MAM/pgp (8205NLY)

Enclosures

ce: Mr. B. C. Buckley (NRC)* Mr. Wells Eddleman
Mr. G. F. Maxwell (NRC-SHNPP) Dr. Phyllis Lotchin
Mr. J. P. O'Reilly (NRC-RII) Mr. Jbhn D. Runkle
Mr. Travis Payne (KUDZU) Dr. Richard D. Wilson
Mr. Daniel F. Read (CHANGE/ELP) Mr. G. O. Bright (ASLB)
Mr. R. P. Gruber (NCUC) Dr. J. H. Carpenter (ASLB)
Chapel Hill Public Library Mr. J. L. Kelley (ASLB)

Wakg County Public Library

* Denotes parties which have received the proprietary information.




Shearon Harris Nuclear Power Plant
Draft SER Open Item 360
ASB Question 9.1.2

In order to permit us to evaluate K... for spent fuel pools, provide further
information regarding all fuel to be stored, fuel distribution within the
pool(s), a detailed description of the storage racks, a description of the
calculational methods used in the determination of Kef by CP&L toegther with
a discussion of the calculation and mechanical uncertalnties considered in the
calculation. Describe how control will be maintained over the location of the
fuel in the spent fuel pools.

Response .

The maximum U-235 enrichment is 3.9 for the Westinghouse 17x17 fuel. The
rack parameters are shown in Table 1. This table will be included in
FSAR Section 9.1.2 in a future amendment.

The previously mentioned proprietary submittal addressing criticality
analyses for the Shearon Harris spent fuel racks 1is attached.

(8153SAL)
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TABLE 1

SHEARON HARRIS SPENT FUEL RACK DIMENSIONS

Fuel Type: W 17x17 and GE 8x8

RACK TYPE POISON BWR
C-C SPACING 10.500 6.250
CELL I.D. 8.750 - 6.050
POISON CAVITY 0.090 0.060
POISON WIDTH 7.500 5.100.
CELL GAP (NOMINAL) 1.330 ——
POISON THICKNESS . 0,075 | 0.045
WALL THICKNESS , 0.075 0.075
WRAPPER THICKNESS 0.035 0.035
POISON (GM-B10/SQ.CM) 0.020 0.0103

All Dimensions in Inches

(81538AL)




3.4

3.4.1

3.4.2

CRITICALITY ANALYSIS

NEUTRCN MULTIPLICATION FACTOR

Criticality of Zfuel assemblies in the spent Siel storace rack is
prevented by the design J&F "the “racks which limits fuel asserbly
interacticn. This is cdone by fixing the minimum separation betwesn
assemblies anxl inserting neutron poiscn between assarblies.

| ..
The design basis or preventing criticality cutside the reactor is

that, includirg uncertainties, thers is a 95 percent procability at

'a 95 percent oonfidence level that the effective multiplicaticn

facter (KeFf)’ Of "the £fuél: assembly array will be less than 0.95 as
recamended in ANSI N210-1976 and in "NRC Sosici for Review and
Acceptance of Spent Fuel Storage ard Handling Applications®,

The Dollowing are the conditicns that are assumed in meeting this

design basis for the Shearcn Harris spent fuel storage racks.

SORMAL, STORAGE

3.4.2.1 PWR FUEL

a. The fuel assembly c_nntain§ the highest enrichment authorized
without any control rods or any nencontained bumable poison ard
is.lat its rost reactive point in life. The enrichment of the 17
x 17 Westirghouse ortimized fuel assembly is 3.9 w/o U-235 with
o depletion or fission product buildup. The Zollowing assexbly

parameters were modeled:

WESTINGECUSE FUEL ASSEMRLY (17 X 17 OFa)

Niztoer of Fuel Rods per assy. = 264
Zirc—4 R4 Clad O.D. = Q.36"™
Clad Thickness =~ .. = 0.0225" -

Fuel Pellet O0:D. ' ° = Q.3088"




Fuel Pellet De:".si‘:.y = 953 Theoretical
Fuel Pellet Dishing . = 1.20%

Red Pitch | = 0.4%6" Sqﬁara
Mumber Zirc-4 Guide Tubes = 25

Guide Tuke O.D. = 0.474"

Guide Tube Thickless =~ .. . - =..0.016"

The assembly is conservatively mcdeled with water replacing the

assenbly grid volume and mo U-234 cor U-236 in the Zuel pellet.

%o U=-235 burmup is assumed.

The storage cell rcminal gecmetry is shown on Figure 3.4-1.

The moderator is pure water at the temperature within the design
limits of the gool which yields the largest reactivity. A
conservative wvalue of 1.0 gm./cn3 is used for the density of

water. No dissolved btoron is included in “he water.

The array is either infinite in lateral extent or is surrounded
by a conservatively chesen reflector, whichever is arpropriate
for the analytical model. Trhe naninal case calculation is
infinite in lateral and axial extent. DPoison plates are ot
necessary < the perighery of the rack mcdule excegt Sor the
sides of the mcdule adjacent to ancther rack module (either a
FWR rack or a BWR rack). However for the Shearon Harris PWR
racks, poiscn plates are used on all module perigheries except

- for ore mcdule in each pool. Poiscn plates are anitted fram cne

side of the rrpdulé (6 cells) for cormmatibility with the surveil-

lance inspecticn program.

Calculations for those racks with the poison remcved indicate a
less reactive configuration than the naminal case of an infinite

rack. Therefore, the naminal case of an infinite array of woison

cells is a conservative assumtion.

L et
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e. Mechanical wncertainties and biases due to mechanical tolerances

| durirg constructicn are treated by either using "worst case"
conditicns ar by performing sensitivity studies to cotain the

- aroropriate values. .The items included in the analysis are:

%; ‘ — poison pocket thickess - -
- - — stainless steel thicknéss -
— can ID ‘
— center-to-center spacing

— can bowing

-t

The calculation methcad uncertainty ané bies is discussed in
Secticn 3.4:4. ‘

. Credit is taken for the neutron absorpticn in full length
structural materials and in solid materials added specifically .
for reutron absorption. The minimum ;n:.sun loading (0.02 cm
Blo/cn ) is assumed in the poiscn olat&s ard 3,C particle sel

4
‘shielding is included as a bias in the reactivity calculaticn.

3.4.2.2 EWR FUEL

a. The £fuel assembly oontains the hichest enrichment authorized
without amy burnable poiscn and is at its most reactive point in
ife. The enrichment of the fuel assembly.is 3.20 w/o U-235 with
o depleticn or fission produci buildup. The fuel assexbly is

modeled using the following parameters:

‘GENERAL ELBECTRIC FUEL ASSEMBLY (ZWR 8 x SR)

Lattice Pitch - 0.640" square

No. Fuel Rods/Assembly ~ 62

No. Water Rods/Assambly - 2

Location of Wate.. Rods - Positions 729 & 236
Fuel Rod Pellet. 0.D. - 0.410" '

Fuel Red Pellet .zme*s:.cn Density =~ 95% T‘xeoret:.a.l




| | ’
.
. L

Active Fuel Length - ,
6" Natural U0,, 138" enriched (3.2 w/o U-235), 8" Natural Uo,
Fuel RS Clad 0.D. - 0.483" )
Fuel Rod Clad Thickness -~ 0.032"
Fuel Red Clad Material - Zircalcy - 2
ter Red 0.D. - 0.591% * 7 -
ter Rod Thickness - 0.030" ,.
S‘.Jat;el' Red Material - Zircaley - 2 } )

FUEL - CEANNEL

Material - Zircaloy - 2

Thickness -"0.C80"

Inside Scuare Dim. - 5.268" (min.)
Qutside Scuare Dim. - 5.454" (max.)
Inside Square Dim. - 5.281" (avg.)
Cutside Square Dim. - 5.441" (avg.) -

The assembly is conservatively modeled with water replacing the
assembly arid volune and o U-234 or U-236 in the 'fuel pellet.
No'U-235 burnup is assumed, nor is any credit taken for gadolin-
ium surnable poison. |

Figure 3.4-2 shows-a schematic of the spent fuel storage racks
illustrating the chec};erboard arrangement of cell modules.
Figure '3.4-3 shows the nominal dimensicns of individual cell
modules and indicates the unit cell modeled in the KENO

analysis.

The moderator is pure water at the temperature within the design
limits of the pool which yields the .largest reactivity. A

conservative value of 1.0 gm/cm3 is used for the density of

water.
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The array is either infinite in lateral extent or is surrowrded
by a conservatively chesen reflector, winichever -is aporoprizte
for the analytical model. The nominal case znalytical model is

Sinite in lateral extent. - The follcwing dimensicns were

mdeled in the axial éirecticon:

o=, 1 -

Fed Clad 159.5"

]

6" ratural UO (top) “
Fuel = 138" enriched (3.2 wj/o U-235)
6" natural U02 ‘(bott.an)

Channels 164"

Boraflex " = 151"

ot

Storage Cell Can = 164"

Poiscn plates are mot necessary oen the perighery of the rack
mcdules since adjacenﬁ EWR racks are located far enougﬁ apart to
preclude an indrease in reactivity rel-ative to the ,[infinite
array model of poiscn cells. Furthemore, the SWR rack rodules
with o poison cn the périphery are also located far enough £ram
the PWR mcdules to preclude an increase in reactivity ralative
to the infinite array rodel of PWR or ZwWR poison cells.

Mechanical uncertainties ard hiases due o0 mechanical tolerances

during construction are treated by either using "worst case"

corditions or by performing sensitivity studies to cbtain the
_appropriate velues. The items included in the analysis are:

1

rack assembly- tolerances

- material thickness tolerances
- center-to-center spacing

- fuel channel effects

- poiscn loading

The calculational method wcertainty and bias is discussed in

Secticn 3.4.4.
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3.4.3

The' following postulated accidents were analyzed:

(1Y

. Credit is taken Sor lt'ng neycren apsorpticn in Sull léngth
structural materials amd in solid materials added specifié:a.lly
for neutrcn a2bsorption. The minimmm poison loading (0.0103 on-
Blo/cnz)' is asstmed in the poison plates and B,C particle self

shielding is included &5 a bids in the reactivity calcwlatien.

POSTULATED Accmms

a. Drop of fuel assembly on top of racks.

LA

b. Drop of fuel.assembly next to the wnpoisoned perighery of the
racks.

c. Inadvertent loading of wreng type of fuel-into a stcrage cell.
d. Loss of cooling systems

e. Water injection into racks when used for dry storage.

Each of these accidents are discussed in the sections which follow. .

3.4.3.1 Drcp of Fuel Assembly on Too of Racks
rour pc;ssible accident scenarics can-be postulated as Sollows:

1) drop of a PWR assembly cn either a ™WR or a EWR rack, and,
2) droo of a BWR- assembly cn either a PWR or a BWR rack.

A Quel asserbly drcpped on top of the racks will be prevented by the

.rack structure fraum interacting with the active fuel stored in the

rack. The top of the active fuel stored in the EWR racks is agprox-

' imately 13°inches £rcm. the top.of .the rack structure; the tcp of the

active fuel stdred in thé PWR racKs is approximately 8.5 inches Zram







the top of the rack structure. Turthermors, calculaticns shaw that a

» *

single isolated PWR assexbly in water is rore reactive (X £z =0.9)
then a single isolated ZWR assexbly in water (Keff Z 0.7). Conse-
cuently, the worst case corditicn is the docp of a FWR asserzly on
top of a PWR rack.

Calculations show that even Sor an infinite array of FWR assexblies
separated fram each other by as little as 7 inches of water will
have a ncminal Kozg OF less than 0.9 which clearly de:rqn,strates_ that
an assembly 8.5 inches £xam active fuel is essentially isolated.

3.4.3.2 Drop of Fuel Asserbly Next to the Unpoiscned Perchery
' of the-Racks

The "worst case" corditicns for this accident would be the drop of a
PWR fuel assembly next to an unpoiscned perirheral storage cell of a
PWR storage rack. This situation could l.ead_ to an increase in Rozs
far the array of stored fuel. Therefore, ifhe Jdouble ccntingency
principle of ANS N16.1-1975 is applied for this accident. This
principle states that it is unnecessary to assume two unlikely,
i’ndependen't,‘ concurrent events to ensure protection against a
riticality accident.'. Thus, for accident corditicns, the presence
of soluble boron (~2600 prm) in the stcrage pool water can be
assumed as a realistic initial ccnditicn since not assu;ving its

presence would be a second unlikely event.

In the case of Westinghouse 17 x 17 OFA fuel, ‘the oresence of
aporoximately 2000 pgm toren in pool water will decrease reactivity
by more than 38 AK. Thus K, .- < 0.95 can be easily met for this
postulated accident since any reactivity increase would te less than

the negative worth of the dissolved borcn.







3.4.4

"

3.4.3.3 Inacdvertent Lcading of the Wrorng Tveoe of Fuel

Into a Storage Cell

The design of the storage racks is such that a PWR fuel assexbdly
(because of'iis physical size) c.mﬂc*' bte inadvertently lcaded into a
BWR storage cell. If a BWR -fuel. assemdly is inadvertently lcaded
into a PWR storage cell, the desicn tasis Kozs is nct exceeded since
the single BWR fuel assembly is less resactive than the, PAR assembly.
3.4.3.4 Loss of Cooling Systems/Water Injection Into Racks ]

When Used for Dry Storace .

For the loss of,coling .accident the effect would be 2 decraase in
the water moderator density; This accident can be grouped with the
accident in wh:.ch the storage racks are used as a new fuel dry
storage facility ard water is introduced for fire fichting or sane
other abrormal situaticn. Soth accidents involve moderator densities
less than 1 gw/c ard suggest the "optimum moderaticn” corditien.
Zowever, the "optimm rcderaticn” accident is ot a groblem in
poisoned fuel storage racks. The presence of poiscn plates removes
the oorditicns necessary for "optiz;xun m::dera_t-ion" so that Keff
continually decreases as moderator density decreases fram 1.0 c_:m/c'\

to 0.0 g-n/cn3 in poisen rack designs

Figure 3.4-4 sthows .the behavior of K efs 35 2 functicn of moderator
density for a EWR poisoned spent fuel rack and Figure 3.4-5 shows a
similar tehaviar fcr a FWR spent fuel rack.

CRITICALITY ANALYTICAL METHOD
The design methad which ensures the criticality safety of fuel

assemblies in the PWR ard SWR s::ent. Suel s...orac:e racks uses the aMPX

system of coces(l 2) Sor cross—sef' cicn generaticon and XINO T'V(3) for

reac‘:_'v.v:.ty determinaticn.




w

The 218 energy oroup <css-secticn l:'.':)rary(l) that is the comen
startirg point for all cross-sections used for the storage rack
analyses was generated fram ENDF/B-IV data.” The NITAWL program(Z)
adds o this library the self-shielded rescnance cross-sections that
are acpropriate Sor each particular gecmetry. The Nordheim Integral
Treatment is used in the NITAWL program. Energy and spatial weight-
+ ing OF cross-sec:t‘.icns is performed by the XSDRVPM program(z) which
is a cne—dimensicnal S transport thecry cde. These multicroup
cross-section sets are then used as input to KENO IV(3), which is a
three dimensicnal Monte Carlo theory program designed for reackivity

calculations.

The calculatioff methed "dnd cross-secticn values are verified by
canparism with critical experiment data for assemblies similar to
those for which the racks are designed. This bpenchmerking éata is
sufficiently diverse to establish that the methcod bias and un-
certainty will apoly to rack corditicns which incude strong neutron
absorbers, large water gaps ard' low moderator densities.

A set of 27 critjical experiments has teen analyzed using the zbove
methcd to demonstrate its applicability to criticality analysis and
to establish the methcd bias and variability. The experiments range
fram water moderated, oxide £fuel arrays separated by various
materials (Boral, steel, water) that simuwlate LWR fuel shipping and

(4,5)

storage conditions, to dry, harder spectrum uranium metal

(6) (Plexiglas,

cylirder arrays with various interspersed materials
steel ard air) that demcntrate the wide range of applicability of

the methad.

The results and same descriptive facts about each of the 27 mench-
mark critical experiments are given in Table 3.4-1. The averace Kogs=

of the benchmarks is 0.9998 which demenstrates that there is o bias
associated with the methcd. The standard deviaticn of the X__

(£

values is 0.0057 AK. The 95/95 cne-sided tolerance limit factor Zor

27 values is 2.26. . Thus, there is a 95 percent .prctability with a

Y

o




3.4.5

.show thaow the 'K
. center-to-center spacing, fuel enrichment, and poiscn lcading of the

95 percent coniidence level that the ‘Ln':certa'.ﬂ'.nty in reactivity, due
to the methcd, is nct .greater than 0.013AXK.

These methcods conform with ANSI N18.2-1973; "Nuclear Safsty C:i"t.eria
for the Design of Statiocnary Pressurized Water Reacter Plants”,
Section 5.7, Fuel Handling System; ANSI N210-1976, "Desicn Cbjective
for .LWR Spent Fuel Storage Facilities at Nuclear Power Stations!,
Secticn 5.1.12; ANSI N16.9-175, "Validation of Calculaticnal Methods
for Nuclear Criticality Safety"; NRC Standa‘.rd Review Plan, Sect.ion
9.1.2, "Spent Fuel Storage"; and the NRC Guidance, "NRC Position for
Review ard Acceptance of Spent Fuel Storage ard Handling Arplica-
tions". .

{
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CRITICALITY ARLYSIS

This section presents the neutron muli:iplication factor Kogeg
calculated using the above methcd for the naminal designs of both
the PWR and BWR racks. Biases and uncertainties ares developed for
both rack types and include censideraticn of the Zollowing varia-
bles: poison loading, poison particle size, rack censtruction
tolerances, rack material thickness telerances, water density and
calculation method wncertainty. This secticn also carbines “the
naninal K, .- with biases ard uncertainties to develcp a final K 28
for each tyre of storage rack (i.e. BWR or FWR) at ' a 95 percent
probability with a 95 percent confidence level.

This secticn 'a.lso presents the results of sensitivity studies which
ofs for the array varies as a function of cell
poiscn plates. Finally, this secticn discusses the cabination of

EWR Suel racks loaded in the same pool with PAR Zuel racks and the

possibility of interacticn between the two fuel types.
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3.4.5.1 FWR Fuel Storazce Racks

a. \Icru:zal XINO Kef:
The Keff for the rcminal design of the PWR fuel storage racks was
canputed by the KENO code™to be~0.8968 + .00S0 (95/95). The Ka&xo
mxdel was based cn the nominal dimensicns of the wnit cell shown cn
figure 3.4-1, ’l‘i-ze‘,rf‘.mmm boren leadirng of 0.02 grams of 10 per
square, centimeter was incorporated in the model and the water
density was 1 gram per cubic centimeter. The fSuel parsmeters.modeled

for the ncminal XENO are given in secticn 3.4.2.1.

»

b. Biases ard Uncertaint:ies

As discussed in.secticn 3.4.4 the KENO methcd had a 0.0 bias with a
95/95 uncertainty of 0.013 Ak.

Calculations have shown that when the boron in the poison plates is
modeled 2s a hanogenized mixture of elements, the results are biased
by a positive 0.0025 Ak relative to mcdels which discretely define
the 3,C particles.

The mechanical tolerances of the individual storage cells and the

" constructim tole*'ances of the PWR fuel storage rack will allow

e, b, ¢ 8
storage cells to be clcser together than the[ inches shown cn

Figure 3.4-1. Far the Shearcn Harris PWR racks the worst carbinati
of mechanical tolerances (i.e., sheet metal thickness, cell I.D.
maximum, rack grid assembly, and cell bowing) will result in a

b, ¢ %

[

reduction of the water gap betwesn adjacent cells bv[-_ .| Aurther-
more, a "GO-NOGO" gauge will be e:noloyed during constructicn to
ensure that the ncminal gap or[ J?’sé: ' Figure 3.4-1) tetwesn the
wrapper plates of adjacent.cells will nct be less t%an[_ _‘]cir?c:cm:é
For a single can it is calculated that reactivity does ot increase
significantly because the increase in rgacti\:'ity dee to the water
gap reduction’cn. oéxe side of .the can is offset by .the decrease. in'-
reactivity due to the increased water gap on the o:ppo"site'side of .

. 2




manner: 3

.
.
* "

this can. The analysis, Sor the effect of mechanical tolerances,
hewever, assumes a worst case of a rack canposed cf an ar':'ay of
groups ©of four cans where "the water cap tetween the fSour cans is
reduced to[ J?ﬁgﬁc.'e' The 'reactivity increase of this cenfiguration
is Soumnd o e 0.011 Ak and is included as a bias term in calcu-

lating the final K efE of tr= racks

Scme mechanical tolerances are mot included in the analysis because
worst case assumptions are used in the naminal case analysis. An
example of this is eccentric .éssembly position.. Calculaticns were
performed which show that the most reactive condition is the
asserbly centered in the can which is assumed in the rcminal case.

= - -

c. Final K ey for PWR Fuel Storage Racks
For normal cperation and using the methcd descrived in the above

sections, the.final ifeff for the rack is determined in the following

v . ‘ e 2
Regs = Koeminal * Brech * Brethea * Bpa.rt * [(ksmm.i.nal)

+ (ksmethcd)2]]'/2

where:

Krnm'.nal = pnominzl case KENO Kef

rh

B = bias to account for the fact that mechanical tolerances
can result in water gaps between poismm plates less than

ncminal .,

B = method bias determined f£ram benchmark critical campari-
methad

sons.
B = bias to account .for poison particle seli-shielding:




. .
.
i
. a .

= 95/95 uncertainty in the ncninal case X&O X _ ..

Spcminal efs
KS_perneg = 95/95 uncertainty in the method bias.

Substituting calculatad values as develcped in items a ard b, the
result is: .. -

\

= 0.8968 + 0.011 + 0.0 + 0.0025 + [(0.0050)2 + (0.013)27+/2

]
]

= 0.9242.

Sirce K, is less than 0.95 including uncertainties at a 95/95
prcbability/confidence level, the acceptance criteria’ for criti-

cality is met|

d. Sensitivity Studies for PWR Racks

To show the dependence of Koge 0 fuel amd storage cell parameters
as requested by the NRC, sensitivity studies were performed relative
to the ncminal model in which the toren leading of the oDoiscn
plates, the fuel enrichment, and the stcrage cell center-to-center
spacirg were varied. Figure 3.4-6 shows the results of the calcula-
tions of t.l"xe sansitivity studies Sor the St)wea:on garris PWR fuel
.storace racks.

3.4.5.2 BWR Fuel Storage Racks

a. Nconinal X320 Keff,

The Keff for the minal deéign of the BWR fuel storage racks ‘was
camputed by the KENO camputer code &0 be 0.9274 + .C03L (95/95). The
KENO medel was based an the nominal dimensicns of the it cel

shown cn Figure 3.4-3. The minimum boren loading of 0.0103 grams of -

Blo per square centimeter swas incorporated-tin the medel and the

water density was 1 gram per cubic centimeter. The .fuel-garametars.

modeled for the naminal KENO are.given in secticn 3.4.2.20.~ ..»

o




b. Biases and Uncertainties

As discussad in section 3.4.4; the K2NO methed nad 2 0.0 bias with a
95/95 uncertainty of .013 Ak.

"
o = v, 2 =

Calculations rave shown that when the boron in the poison plates is
modeled as a hamwgenized mixture of elements, the results are biased
by a positive 0.006 Ak relative to models which discz retely Jefine
the 8 C particles.

The ccnstruction’ tolerances for ZWR racks allow for the ncminal

Center-to—-center, spacing .of storage cells of Jmches to te

randanly reduced to [ ]mcsxeeé for individual cells. It wes
calculated that the increase in K ogs Que to the randam reducticn in
cell center-to-center would be ' less than 0.032 Ak with -a (95%
confidence/95% probability) level. Calculations for material
t%'xicknesses tolerances of the cell sheet': metal and the poiscn plates
indicated that the increase in Ak would be less than 0.0079 with a
(953 confidence/953 probability) level.

In addition to the uncertainty in the final Kgge associated with the N
various, parameters discussed above, there are other physical
variables that may affect K ... Analysis showed that the infinite
poiscned array was more reactive with fuel channels included than it

was without the E:hannels. It wes also determined that the reac—

tivity was higher for the fuel (either channeled or unchanneled)
when the assemblies were located exactly in the center of the
storage cells. ' The boraflex poison is specified to contain a
minimmm loading of .0l03 grams of a0

value was =mployed throughout the analysis for the sake of conser-

per scuare centimeter amd that

vatism. The "nauinal" case KEO (see Item a) then has already

incorrorated three "worst case" corditions (i.e. centered fuel,

channels included, ard minimum poisen loading).




»
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agz TOF ZWR Fuel Storage Racks

For nrormal operaticn ard using the methed descrided in the above
secticns, the final X ez for.the rack is determined in the Zollowing
manner, ‘

o o, S

Kezz = Koominal + Brstnod * Bpare + ((KSomina))? + (ks )
+ (ksn'et.hcd)z ¥ (ksr:'«at)z:]l/2 '
where:
'Kr.cnﬁ.nal = rxminal case &0 Kogs
Bratheq = Methcd bia? determined £am benchmerk critical campari-
sons.
Bpa.rtu = bias to account for poiscn ;arti;le self-s.hielding.

kS minal = 9_5/95 uncertainty in the naninal case <&2D Koz

XS ech = 95/95 uncertainty in the calculation of the bias due to
constructicm tolerances.

XS thod = 95/95 wncertainty in the methed bias.

XS e = 95/95 uncertainty associated with material thickness

tolerances.

Substituting calculated values given in items a and b in the order
listed above, the result is:

= 0.9274 + 0.0 + 0.006 + [(.0031)2% + (.0032)% + (.013)°

.

Kefs

23¥/2 ="' 0.9493

+ (.0079)




3.4‘.6

Since K, zz is less than 0.95 including uncertainties at a 95/95
orcbability/confidence level, the acceptance . criteria for cxriti-

cality is met.

d. Sensitivity Studies for =WR Racks

™ s.'ncw the dependence of Kogg @ fuel ard storage cell parameters
as recuested by the NRC, sensitivity studies were performed relative
to the rncninal model  in which the poren leading of the poiscn
plates, the fuel enrichment, and the storage cell ccnter-to—cenzer
spacing were varied. Figures 3.4-7 and 3.4-8 show the result.s of
the calculations of the sensitivity studies. '

e,
L4

3.4.5.3 FSWR/BWR Racks in Same Bcol

In the Shearcn #arris spent fuel pools toth PWR arnd SWR fuel siorage
racks may be placed in the same pool. In sections 3.4.5.1 ard
3.4.5.2 it wes determined that the naximun'neutrcn. maltiplicaticn -
factor, K,ger for an infinite array of stored Zuel, including
uncertainties was 0.9242 for FPWR fuel and 0.9493 for =R fuel.
Calculations were p;erformed which showed that, if the cell center-
line plane of the peripneral cells of a BWR rack were maintained at
a distance equal to or greater than 9.0 inches Zzan the cell
centerline plane of the peripheral cells of a PWR rack, the result-
ing Kogs for the cawined configuration wes less than 0.94. Since
the ool layouts indicate that the 9 inch minimum is not violated,
the acceptance criteria is met for pools containing both ‘BWR and BWR

storage racks.

ACCEPTANCE CRITERIA FOR CRITICALITY

The neutrcn multiplication factor in the spent fuel pool shall be
less than or equal to 0.95, including all ncertainties, wunder all

ccoditions.




criteria for all conditions will e ¥ egs £ 0.95 including accidents.
'l
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General
Description

UO2 rod lattice

"
[
“
()
"
"
n .
n
n
]
“"
"
[

U metal cylinders 93.2

H

Enrichment
w/o U235
©2.35

BEHCHMARK CRITICAL EXPERIMENTS

Senarating Characterizing .
Reflector _Material Separation (cm) Kops
water water 11.92 ].OOZ_I*.004
" " 8.39 0.993 ¥ .004
" " 6.39 1.005 * .004
u " 4.46 0.994 £ .004
* stainless steel 10.44 -1.005 * .004
" o . 0.992 t .004
. " : o 7.76 0.992 1 .004
" " 7.42 1.004 t .004
“ boral . 6.34 1.005 £ .004
" " 9.03 y o 0:992 & 004
" ", 5.05 < 1.001 t 004
z water 10.64 i 0.999 * .005
" ‘stainless steel 9.76 0.999  .005
" “ 8.08 0.998 & .006
" boral 6.72 0.998 t .005
bare air , 15.43 0.998 ¥ 003
paraffin- air 23.84 ].d06 t .005‘
bare -air 19.97 1.005 ¥ .003
paraffin air 36.47 1.001 £ .004
bare air 1374 7 1.005 * .003
paraffin air 23.48 - 1.005 ¥ .004
bare plexiglass 15.74 1.010 * .003
paraffin plexiqlass 24.43 1.006 t .004
bare plexiglass . 21.74 0.999 + .003
paraffin plexiqlass 27.94 0.994 4 .05
bare steel 14.74 1.000 & .003

[4, 5, 6]
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FIGURE 3.4-1 STORAGE CELL NOMINAL DIMENSIONS ' -
IN THE PUR STORAGE RACKS
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ILLUSTRATION OP SPENT FUEL STORAGZ ARRANGEMENT
SHOWING "CHECKERBOARD" ALICNMENT OF STORAGE

HOOULES IN THE BUR STORAGE RACKS
(NOT DRAWN TO ACTUAL SCALE)

« FIGURE 73.4-2
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s FIGURE 3.4-3 Kass Y3, WATER MODERATOR DENSITY

FOR A TYPICAL "POISONED" PWR SPENT FUEL STORAGE RACK

-

TYPE OF RACK

. . . &, b, e

=~ et [ Vinen
POISON LOADING, 6.02 gm 210/cn?

FUEL, 3.5 w/0 W17 X 17 |

Keff

K3

>
$ [

0.2 . 0.4 0.6 0.8 1:.0w

MODERATOR DENSITY ‘ga/cm

2 4 771
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Ke%f AS A FUNCTION OF C-C SPACING,

POISON LOADING AND ENRICHMENT
"FOR PWR SPENT FUEL RACK
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