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ASTITANT GENEOAL COVRRIL

Mr. John F. Stolz, Chief
Light Water Reactors Branch No. 1
Division of Project Management .
U. S. Nuclear Reguladtory Commission
Washington, D. C. 20555

Re: Docket No. *50-275-0L"
. Docket No. 50-323-0L‘
.Diablo Canyon Units 1 and 2

Dear Mr. Stolz:

Enclosed in support of our operating license ap-
plication are 30 copies of a Westinghouse-report entitled,
"Answexr to the NRC' Staff Questions on the Westinghouse

.- Evaluation of-the Effect of Grid Deformation on ECCS Per-
formance" (proprietary) and 30 copies of the non-proprietary
- version of the same report. Also, enclosed are an applica~
tion for Withholding Proprietary Information From Public
'Discloaure and supporting letters from Westinghouse.

’ Five copies of these reports have been sent
directly to Mr, Dennis Allison,

. Kindly acknowledge receipt of the above material
on the ‘enclosed copy of this letter and return it 'to me in

the enclosed addressed envelope.

- Very trxuly yours,

g
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Philip A. Crane, Jr.
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ANSWER TO THE NRC STAFF QUESTIONS ON THE WESTINGHOUSE EVALUATION
- OF THE ETFECT OF CRID DEFORUATION ON ECCS PEPFORHANCE

s T

CUBREEACE T - - S I

“In Reference (1), it was shown that the mean fuel assembly grid 1mpact

strength obtained from dynamic testing of Diablo Canyon-type 17 x 17
grids is [ J2sbs 8ounds at room temperature. A 6% reduction factor
may be applied to room temperature grid test strenoths to compensate

. for the effects of reactor operating temperature on impact strength

A grid qtrength much lower than. the mean, the 95. X 95 statistvcal value
at temperature of [ . ]a’ »C pounds, nust be aseumed in order to postu-
late any.permanent d1stort1qn. The maximum calculated combined LOCA/
séismic load for any Diablo Canyon arid is [. ., 1** pounds, and only

. three grids in the entiré core exhibit computed combined loads equal ‘to

or in excess of the 95 x-95 statistical value at temperature. Therefbre,
no permanent grid.deformation-is ant1c1pated even if an earthqua?e occurs
‘coincidentally with a LOCA event. : e e

Althcugh no grxd deformation_tias expected, Westinghouse perfbrmed an
evaluation of the possible impact.of this deformation on ECCS" performance.

- In this evaluation, a steam cooling penalty was estimated due to the
. effective blockage caused by grid deformation even though the ECCS

ana?ysts on record for Diablo Canyon predicts the peak clad temperature
to occur when. the flooding rate is greater than 1 in/sec. This was

.- done because the approved Hestinghouse Evaluation Model does not model

blockage for f1ooﬁihg rates greater than 1 in/sec and because it was
felt that a steam cooling calculation would bound the Diablo Canyon
case. This evaluation showed that the effect of grid deformation
blockage on calculated clad temperature was less than 20°F. In addi-
tion, it was demonstrated that if this effect was combined with the
effect of the reduced power levels existing in the peripheral assemblies

- and margin in pellet "temperature, there would be a net decrease in the

calculated clad temperatures.

The NRC staff has asked two questwons concern1ng the above evaluatmon.:
Westinghouse feels that the two questxons are best answered together.






*QUESTIONS:

e e

1. .The blockage effect due to deformed grids may be concentrated 1n
one or two rows of rods. Analysis of flow conditions for these
rods with bundle average blockage is non-conservative. Provide
. ana]yses assuming "that the maximum blockage app11es to the’ entlre
- bundle.
.o ‘ . 3 -
2. ..Prov1de the basis for assuming that FLECHT data from typica1 bundles
1;15 app]wcab]e o deformed bundiles. :

* ANSHER:

To consider making the steam cooling blockage calculation any more con-
servative is unnecessary since 1) the steam cooling model is overly con-

servative already, and 2) the peak clad temperetureﬁfor Diablo Canyon

‘is calculated to turn around during FLECHT cooling (flooding rate greater
-* . than' 1 in/sec)}. Thérefore, only FLECHT cooling will be discussed.

FLECHT tests have shown that blockage is benef1c1a1 to the ref]ood

.coo]1ng process since it promotes mixing and atomization. of water drop~

lets., Howvever, Appendix K of 10CFR50.46 does not al]ow Hestinghouse to
take credit for this additional cooling mechanism in ECCS calculations.
By the same token; Appendix K does not require taking a b]ockage penalty
during FLECHT coolwng either. This is the basis for applying the

Westinghouse design 17 x 17 FLECHT correlation (derived from "t&picaI"

bundles) without a blockage penalty in the evaluation of deformed’ grids
for Diablo Canyon. The discussion could stop here, however, in trying
to be responsive to the Staff‘s concerns, the fo1low1ng evaluation is
provided ‘

The October, 1975 version of the West1nghouse Evaluation Model predicts
a peak clad temperature (PCT) of 2130°F for the Diablo Canyon 1imiting
break at 96 seconds at 7.5 ft elevation for an Fq value of 2.32. This
PCT is calculated to occur during the FLECHT cooling portion of the
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transient. The grid distortions postulated to occur will create an

increased flow blockage at the grid elevation; FLECHT studies investi- -
gating the effect of blockage on pogt-LOCA heat transfer (Reference 2)

. have demonstrated that blockage provides enhanced heat transfer to rods

in the downstream flow. Nevertheless, no credit is ta?en during FLECHT
for the added grid blockage in this calculation, and none is permltted
for rod burst blockage in any 10CFR50.46 Appendix K -computation. The
percent change in grid cell flow area caused by a given distortion is
much greater than the percentage change in grid cell -or rod-to—rod

"‘p1tch d1mensions. Th1s is demonstrated below:

% F]oﬁ)Area s Final* . Cell* .4 Change*

Reduction Dimension, . Compres- . in Cell

at Grid of Grid.  sion, ©  .Dimen-
Case ‘ © Elevation " Cell, in.-  _in. sion
Base R 496 o 7 o

N

A bounding case will be considered in respond1ng to the quest1ons posed:

* grids in an assembly are assumed to deform such that the cells of two
. rows in each grid are reduced in flow area by the amount_observed in

the multi-impact case of the Diablo Canyon test program. In the Diablo
Canyon test program reported in Reference (1), the “energy input was
greater than that calculated for Diablo Canyon and the number of impacts
substantially greater than the number of impacts calculated for Diablo

* Canyon." The speed of the hammer in these tests, 17 in/sec, was aISo

greater than the speed of “impact calculated for Diablo Canyon.
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For conservatism, the same ‘two.rows of cells will be assumed to deform
in axially adjacent grids; in this way a confjned channel of set

" geometry is postulated to exist‘in the distorted assembly over a sig-
nificant length. Additional conservatism is introduced into the cal-

- culation by assuming fhat'adjacent cell rows deform within a:grid. The
-rod-to-rod spacing in the impact d1rect1on resulting from these assump-
tions is presented in Figure 1 for the Diablo Canyén multi- -impact case;
rod pltches in. the other direction are unchanged. Flow conditions
about a rod in a d1storted cell. will be analyzed and heat transfer
effects will be evaluated. - ’ ’

An analytical approach will be'édopted to evaluate the flow heat transfer
to.an individual rod in the distorted assembly. The zero shear planes
.between ‘adjacent rods define the flow field and may be used to assign
each rod its apprbpriéte flow passage. With this definition, the
equivalent diameter for flow about a rod in the most confined channe]

is as fo]]ows, using Figure 1 dimensions:

D _ by FTonkhrea

e - .vetted perimeter: -

. . . : ol
» e

The equivalent diameter prov1des a basis for assessing the 1mpact of
the distorted geometry on flow (ve]ocity) and heat transfer.

The flow regime within the core rod bundle during reflooding may be
determined from the current October, 1975 Westinghouse Evaluation Model
Jimiting break analysis for Diablo Canyon. In the initial stages of
reflood (core water level < 1.5 ft.) radiation is the dominant heat
transfer mechanis: because Fout’ the mass effluent fraction, i$ small.
Hhen the core water level reaches 1.5 ft., F out = .282 and steam flow
through the core has been established. The Reyno1ds number of the flow







' (R&) equals (oVDe/u) using standard nomenclature. Flow den§ity p and
velocity V are redefined from the continuity equation, w = pVAz pV = w/A.

Substituting values from NREFLOOD when core level equa]s 1 5 feet (tame =
52 seconds) g1ves.= : | -

*Re = wDe/uA = 6430

= _81 1bm/sec

. :,0386 ft. for a .$tandard channel:
Tou = .95 x 107° 1bm/ft-sec

51,2 sq. ft.

(% 4
’

o=
r7]
- n

>
!

The Reynolds number exceeds 4006, so turbulent flow is assumed. - Because
the mass cffluent fraction increases rapidly to vaiues greater than '

0.6, the Reynolds number will remain greater than 6430 for the duration

of reflood. Inasmuch as convection is unimportant when the core level.
is less than 1.5 ft., it is appropriate to consider the 1mpact of

. dzstorted rod geometry on the turbulent flow reg1me.

Between’ two e1evations in a given fuel asseﬁb]y'the‘same pressure drop

. . will prevail.. Consider two flow channels, one of which has a distorted

geometry and one of which’ has maintained the standard geometny. The

_’ Darcy-Weisbach equation states. :

AT

(o WY (9, ) o u5. :
AP = ] ] = AP o= 2 : 2
Sl ey ‘ R n &ch ‘
" f.L - L Tl .
! (—l_) u2 = (._2_) u2 ' ", v ‘ s '
byt ot
since f is a function of Re"0°2, over a given distance L one may write
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fi COnservatively conswderwng the most conf1ned channe], .
Y ' (a,C)
" - ‘v -
~ The ve]oc1ty about rods in the distorted f]ow channe1 is [ ;]a’cﬁof )

".
.

the nom1na1 core velocity.

The effect of this ve]oc1ty reductinn on the clad. temperature computat1on

"* has been assessed by considering the heatup of a heater rod during a -

FLECHT test. This calculation was performed by us1ng the Hestinghouse

‘g‘approved 17x17 FLECHT correlation and a ]umped capacwtance model of a

FLECHT heater rod. Core pressure, water subcooling, .initial ‘clad
temperature and rod power 1nput parameters were obtained from the

"Diablo Canyon Yimiting break computat1on, average pressure and water

temperature values for the time period from 52-100 seconds were derlved
whlle the clad temperature and power parameters at bottom of core

. recovery time were taken. With this input the core quench time was
" calculated based.on the actual Diablo Canyon variable f1ood1ng rate
' trans1ent, and the constant core. inlet ve]oc1ty (V ) vhich gives that -

same quench time was determined. The’ impact of a reduced channel fiow

velocity on heat transfer was then evaluated by reducing Vin the cor-

. respondzng amount. A comparison of the clad temperature at the 6 and

7.5 Tt elevations from runs at the Diablo Canyon equlvalent constant
flodding rate (V; = 1.284 in/sec) and [."- - J%°C of this constant rate
is shown below. Quench time was held constant in each run at the
standard geometry .alue because it will be the same throughout the core, -

P LT N JUR P W) f GUTTRES B SWOSN -3 AN 8- X0 2 3 s






ileration .

. 6.0 ft
L 1.5 4t

2108 .

2150

Base vin 1

PCT, °F PCE, °F__°

2121

*2167

The TLECHT heatup ca1cu1atwon predicts a PCT 1mpact of 17°F for the ..

_ most d1storted (mu1t1 1mpact) geometry observed 1n grid 1mpact strength..

testmng. L : ' S :"‘*‘

B ‘Heat transfer coefficients predicted by the FLECHT correlation for thezﬁ

reduced V cond1tion were 96.5% and 96% of the corresponding’ base L
va]ues at the c]ad temperature turnaround t1me at 6 and 7.5 ft, respec-
T tively. As an a1ternat1ve to the FLECHT analysis, the Dittus- Boelter
) heat transfer re1at10nsh1p for fu]ly developed turbu1ent flow may be
emp1oyed to assess the 1mpact of a flow ve1oc1ty reductwon. Qlttus—
Boelter states. ‘ ' B

h De = C (Re)‘8 (P\").4 ..
K 1V |

u.8 De‘8

De - - De

" using the previously developed flow relation,

. ﬁ' a-. Dec 667 8 .
. h .533 .- '
. S ro

the change in De caused by. grid distortion gives’

a,c

This resu]t compares we]l with the reduced V FLECHT corre]at1on heat

- transfer coefficients and conf1rms that the effect of geometr1c d1stor~'

tions-on reflood heat transfer and calculated clad temperatures is
indeed small.
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Fuel consuderat1ons ameliorate -the impact of grid deformation on ECCS
performance. Peripheral fuel assemblies incur the greatest grld impact.
- loadings and are. the only Diablo Cardyon assemblies with calculated
loads exceeding the 95x95 statistical strength value. Even though.
.calculated grid loadings are less than £ .J%°C 1bs for all fuel
assemblies located one row in from the periphery, postulated deformation
of this second row has been imposed as a 1 quirement. The Diablo Canyon’
core load1ng pattern defined in WCAP-8408 1s designed in such a way
. that the highest radial peaking factor (Fxy) of any rod in an assembly
" on the core periphery is only 85% of the core hot rod value. Similarly,
. _the maximum radial peak1ng factor of any rod in any second row assembly
is 97% of the core hot rod'value. This reduction in radial peaking
factor from the hot rod value for the 1imiting rods in the assémblies
’ presumed to be subject to deformat1on trans]ates dxrect]y 1nto a power
reduct1on which w1]] affect ca1cu]a;ed PCT.

ﬁo&eliﬁg the reduced power levels in Diablo Canyon FLECHT heater rod

reflood calculations at reduced Vi, Produces PCT benefits of 75°F and

15°F at 7.5 ft for the peripheral and second row locations respectively.
“.-. An additional PCT benefit results from the lower clad temperature present

at the beginning of reflood due to reduced power, the Diablo Canyon

October mode] analysis indicates the clad temperature at 7 5 ftona

rod at 97% hot ‘rod power will be 35°F Tower than the hot rod va]ue at

. beg1nn1ng of reflood.

Fhrtheq reductioq; in PCT relative to the Evaluation Model value are
apparent vhen one considers radiation effects. In the FAC model, radia-
tion between hot' and adjaceht rods is computed. -In fact,_ the rods in a

. deformed row of grid cells may be adjacent to a thimble row. If the
hottest rod in the deformed row is next to a thimble tube, a benefit in
radiation heat transfer is obtained. The magnitude of this effect has
been evaluated for Diablo Canyon-by applying hot rod radiative heat

~ fluxes calculated vor the geometries shown in Figure 2 at bottom of
core recovery time (BOC) at the 7.5 ft elevation to the entire refill
transient. A change inh heat flux will cause a change in the-heatup of
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fuel and claddwng over the refil] period and will affect c]ad temperature.

The Case 2 geometry of Figure 2 exh1b1ts a 14°F benefit in hot rod clad f
temperature at BOC relative to Case 1, the Case 3 geometry shows a 7°F

benefit in hot rod clad temperature relative to Case 1 at BOC. Benef1ts .
) realized in clad-temperature at BOC wi]] reduce the PCT computed durzng
’ PLQCHT cooling. - '

-
£
4

To.sumdarize,:the effects of .grid distortion caused by a combined LOCA
seismic event have been evaluated for Diablo. Canyon even though no

" permanent distortion is predicted. A bounding case was -considered in

. which an assembly deforms such that the cells of the same two adjacent

rows in axially adjacent grids are reduced-in flow area to the extent
observed for a multi-impact test case. The impact of this altered
geometry on reflood heat transfer was evaluated by considering the

. reduced V. ~performance of a FLECHT ‘test ‘heater rod. Other phenomena

affecting the PCT computation are the lowéer power of the assemblies
postulated to deform and enhanced radiation heat transfer.i Considering
a second-row assembly to be deformed, the following PCT effects are
superimposed on the design.basis ECCS analysis at the peak elevation

(7.5 ft):

'Eheebmenon ' o - PCT Effect .
Confined Channel Geometry o - HT7°F

Reduced Power Level: _ .
Power During Ref1ldod . _.=15°F

Lower Clad Temperature at BOC . =35°F°
Radiation to Thimbie Tube -7°F/-14°F

The peak clad temperature in any assembly being postulated to deform at
Diablo Canyon is clearly lower than the peak c]ad temperature computated
for the design basis accident used to establish Technical Specification
Timits. : ) -
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