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- August 15, 1980
, , , - - . _ _ _

~|T.~ 27 . .' a,. - _ __,bects,a

Branch Division of Licensing
U.S. Nuclear Regulatory Cornission
1717 H Street
Washington D. C. 20555

Dear Mr. Miller: ;A

Subject: Response to NRC Request for Additional Information
(7/28/80)onWCAP-9528

The attached question was received regarding the Westinghouse Electric
Corporation report WCAP-9528 "ECCS Evaluation Model for Westinghouse
Fuel Reloads of Combustion Engineering NSSS." The following is our
response to that question:

As is the case with Westinghouse nuclear steam supply systems, we are
assessing the concerns associated with NUREG-0630 on a plant-by-plant
specific basis. Potential penalties due to fuel rod models proposed
by the NRC in NUREG-0630 have been considered and applied in our
evaluation of the Westinghouse fuel reload of the Northeast Utilities'

,

Millstone Unit 2 plant. Our assessment demonstrates that a conservativet

consideration of those penalties is compensated for by available credits
as described in the attachment. The attached burst-blockage assessment
for Millstone 2 is also being formally submitted to the staff by NUSCO
in response to question 10 (BSR question set 3) asked of the utility,

l related to cycle 4 licensing of Millstone Unit 2. (Copy of assessment '

enclosed, attachment #2).

We realize the generic burst-blockage consideration raised by the staff
could eventually involve additional assessments or analyses. However,
such supplemental efforts can be efficiently and appropriately defined
only after a final resolution to the NUREG-0630 issues is established.
Westinghouse has provided its position to assist in the resolution of
differences in fuel rod materials models, as documented in NS-TMA-2175.
As stated in that letter, Westinghouse believes the current Westinghouse

| models to be conservative and in compliance with Appendix K.

V ru s, i
-

-

T." M. Ana' erson, .*anager
Nuclear Safety Department

KLF/bn
Attachment
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QUESTICU 0N WCAP-9528 TOPICAL REPORT
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The NRC staff has been generically evaluating three materials models that are
used in ECCS evaluation models. Those models are cladding rupture temcerature,
cladding burst strain, and fuel assembly flow blockage. Subsequent to the
submittals of WCAP-9523 and its addendum, we have (a) met and discussed our
review with Westinghouse and other industry representatives (Reference 1),
(b) published NUREG-C630, " Cladding Swelling and Rupture P4dels for LOCA Analysis"
(Reference 2), and (c) required fuel vendors and ifcensees of Zircaloy clad
LkRs to confirm that their plants would continue to be in conformance with
the ECCS criteria of 10 CFR 50.46 if the materials models of NUREG-0630 were
substituted for those models of their ECCS evaluation models (References 3 and4). *

The Westinghouse materials models that are described in WCAP-9628 are virtually
the same as those used in prior Westinghouse ECCS evaluation models, and they
were evaluated in NUREG-3630. Small differences are attributable to modifications
that were made to reflect the geccetrical differences in fuel designs for theMillstone 2 plant. Therefore, until we have ccmoleted cur materials model
review, we will require plant analyses performed with the ECCS evaluation model
as described in WCAP-9528 to be accompanied by supplemental analyses to be perfor ed
with the materials models of NUREG-0630.

.

Should Wescinghouse elect not to exolicitly model cladding temperature ramo
rates, the materials models of NUREG-0630 to be used in the supplemental calcu-
lations are attached in Table 1.

We request that Westinghcuse provide.an example calculation with the NUREG-0630 model.
This calculation should be the worst break calculated in WCAP-9523 for the CE NSSS.
The reanalysis need only include those comouter calculations for which a substantive
change in results is expected. -
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paferences.
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1. Memorandum from R. P. Denise, fiRC, to R. J. !!attson, " Summary Minutes of
Meeting on Cledding' Rupture Tec.peratura, Cladding Strain, and Assembly Flow

' Blockage," f:ovember 20, 1979. Available in tiRC PDR for inspection and
copying for a fee.

2. D. A. Powers and R. O. Meyer, " Cladding Swelling and Rupture Models for LOCA
Analysis," fiRC Report i:UREG-0530, April 1980. Available fraa the IJRC Division
of Technical Information and Docket Control.

3. Letter from D. G. Eisenhut, i:RC, to all Operating Light Mater Reactors, dated
November 9, 1979. Available in tiRC PDR for inspection and copying fo'r a fee.

4. Memorandum from H. R. Denton, flRC, to Commissioners, " Potential Deficiencies
in ECCS Evaluation Mcdels," flovember 26, 1979. Available in flRC PDR for in-
spection and copying for a fee.
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J , :. TABLE 1 *

CLADDI iG l'.CDELS FOR USE U4 5"PPL5ME!;TAL CALCL'LATICtG

s'

Rupture Tem::erature

TR = 3960 - 20.4 2 - 8.510. Opp _g,
100 + 2790 e

Burst Strain and Flew Blocks;e
.

T -g , y,g,
.

600 10 6J5

625 11 7.0
650 13 8.4
675 20 13.8
700 45 33.5

-

725 67 52.5
.

750 82
'

65.8
775 89 71 .0
500 90 71.5
225 89 71 . 0"I
oSO 82 65.8
875 67 52.5
900 48 35.7
925 28 20.0
950 25 18.0 '

975 28 20.0
1000 35 25.7
1025 48 35.7.

1050 77 61 . 6

1075 80 64.5
1100 77 61,6
1125 39 28,5 -

.
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1150 26 18.3

! 1175 26 18.3
1

1200 36 26.2'

i
i

i
.

1

i Where.
>

-

T is rupture te.parature ('C)g

| ishoopstress(kpsi)e

e is circu=fercr..fal strain (0/0)j
i

i F.B. is flow blockage (0/0)
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Evaluation of the potential impact of using fuel rod medels pre- .

A.
sented in draft fiUREG-0530 on the loss of Coolant Accident (LCCA)f
analysis f cr ,'v/! r -- ~ r.1e- 'l Pt. L GA r. G. I;. 4 .

This evaluation is based on the limiting treak LOCA analysis identi-
'

fied as folicws: .
. ,

,

.

BREAK TYPE - CCUBLE Ei;DED COLD LEG GUILLOTIflE .
.

BREAK DISCHARGE COEFFICIEilT [o M. b . 4'**)M

llESTIriGHOUSE ECCS EVALUATI0tt tiCDEL VERSI0ft
AlWA

-

* ..

- .

.. -
,

. .

. , . . . . .
, . . . . .. ..

CORE PEAKI!!G FACTda 7 .$ h
' '

'' -

.

, HOT ROD l'AXD?)M TEM 3ERATURE CALCULATED FOR THE BURST REGIO t 0F THE--
-

CLAD ,
/74b cF = PCTS ,

-
'

~

NO Feet.
' '~ ' -

-
~

ELEVATI0il - *

.

R3T RCD l'AXDJM TEMFERATU?E CALCULATED FOR A i;0!!-RUPTURED REGI0tl 0F

.
THE CLAD - Z/ / / OF = PCTr; ,

,

'

ELEVATIO:t - 7.( Feet .'~

.
-

CLAD' STRAI!! CURIllG BLOWCO'n' t AT TliIS ELEVATI0tfh./3 percent. .

-

' MAXIMU'1 CLAD STRAI:{ AT THIS ELEVATIO t 4.S$- Percent*

an.seen'. **

' Haximum temoerature for thisgnede cccurs when the core refleed rate.

is (GREATER)
than 1.0 inch per second and reficcd heat transfer'

' ,.
is based en the (FLECHT ) correlation. -

-

AVERAGE HOT ASSD'ELY ROD SURST' ELEVAT 0ff -N Feet . . ~ -

i
* *

MM Percent
'

y -'. .:;
. ( HOT ASSE!|ELY ELCCKAGE CALCULATED -,

.

.- ..-

; *
--'

1. BURsi t:00E.
. . .

,

The maximum potential impact en the ruptured clad nede is- -

expressed in letter itS-TIM-2174 in terms of the change in the,

!
~~

peaking factor limit (FQ) required to maintain a peak clad tem-
!

-

perature (PCT) of 2200CF and .in terms of a change in FCT at a
constant FQ. Since the clad'-water reaction rate increases sig-.

*

nificantly at temceratures dove 2200.CF. individual effects
.

i . . r.u ' l feal rod cocols)(rc:h c.s 6''T d.;a :o .. - u
indic.ucd hora may nc; accura'.cly apply ovcr. large rances,

/*(P' tv !ft > ,\v .. m w ieg)
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.- Lut a ,imultaneous cuan'9: in ty wn:ca causcs u:e r. w r ema n.--

,- in the neighborhood of 2200.0F justifies use of this evalua--
'

' tion precedure.
, ...

- -
.

.

.From flS-TMA-2174: "

, For, the Burst tiode of the clad:
.

. .
.

,
...

'

''

0.01 SQ + e 150 F BURST fiODE APCT
-'

-

R.
~~ ~

'

use of the NRC bunt model and tha -avised Was*.inchouse-

. burst rodal could require an FO reduction of 0.027
.

The maximun estimated impact of using the fiRC strain-
. ..

model is a required FQ reduction of 0.03.-

Therefore, tha maximum penalty for the Hot Rod burst node is:
.

*-
.

'

APCT1 = (0.027 + .03)' (150cF/.01) = 8550F
'

Margin to the'2200CF limit is: .
. ,

.o APCT2 = 2200.oF - PCTB=4 F .*
,

'

The FQ reduction required to i::aintain the 22000F clad tempera-* '

ture limit is: .
.

. .
'

*

g = (APCT - AFC,T ) ("01 60)
. "-

.
. '

AFQ
*

y 2 o -

150 r.
.

-

.
.

. .

01'

- (656 ' 4f2.) (T5U) c - J'

-
-- ...

. . .

-
- -

..

= * . 6d bf (but not less than zero). .

. .

~
-

.

*

* %.
-

- .
..

'

* 2i tion-SU?.ST f!CDE - .
.

-.
._

.

The maximum tempera.ture calculated for a non-burst section of-

,

clad typically occurs at an elevation above the core mid-plane| ..

| during the core reflood phase of the LOCA transient. The potan-'
.

| tial impact on that maximum clad temperature of using the,i;RC-

fuel rod models can be estimated.by examining two aspects of the' i

analyses. The first aspect is the change in pellet-clad gap. .

4..
conductance resulting frca a difference in clad strain at the
non-burst maximu . clad temperature node elevaticn. flote that, ,

clad strain all along the fuel rod stops after clad burst cccurs'

.. and use of a different clad burst model can chance the time at
'1 - which burst is calculated. Three secs of LOCA af.alysis results

were studied to establish an acceptable sensitivity to appiy*

:- generically in this evaluaticn. The possible PCT increase
resulting frca a change in strain (in the Hot Rod) is +20.0F

j

per percent decrease in strain at the maximum clad te::perature'

.
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Since the clad strain calcuia:co curing :nc re - -... - - .

- locaticns.
coolant systen blewd:,.n phase of the accident is not changed by

-

*'

the use cf !2C fuel rod cocels, the maxi =um decrease in clad ,. . , ' ' ' .*
*

strain that cast te censidered here is the difference te:aeen
* -

the ' maxi =um clad strain" and the " clad strain at the end of RCS-

~bicwdown" indicated above.
.

'
.

Therefere:''

; . .
*.

bC'JN STRAIN)
.

3 = (20'F.01 strain ) (MAX STRAIN - SL0MCT
'

~

.
. .

-
. .

/ <' =( ) (483 - ./5)xigA -

,

,,

Ggof
.

.

-
-

_

-
.

The secend as;:ect of the analysis that can increase FCT is 'the'

flow bic:kage :alcula:ed. Since the greates: value of bicckage
the maximumindicated by the GC bic:kage c: del is 75 percent,the current levelPCT increase can be estimated by assu=ing tha:*

75of ble kage in the analysis (indicated a:cve) is raised ::
, . pcreent and then a::iying an apprcpriate sensitivity fcrcula

-

shown in NS-TMA-217*.
.

-

'

.Therefcre, .
.s

. .

4 = 1.250F (En - FERCENT C'JERENT BLCCK'GE)
'

'

APC1
'

' + 2.350F (75-50)
-

.
-

= 1.25 (50 - _) + 2.'35 (75-50).

cp . .
- . ,

.
. -

-

If FCin : curs ehen the c:re reficed rate is g-eater than 1.0
.

.

.
. *

c
ir:li par sc ced ?.?CT.: = 0. The total potential FCT increase'.

'

for the .,:n-bur:c node is than ,

.'

. ,.

I OUI # -

JFCTS* 3 4
'

. -
.

, .

' Margin te the 22000F limit is'~ , .-- -
.

~ ~

6=22COOF-FCTn*f('
.

APCT* - ,

.

j
The.FQ reductica re uired to maintain this 2200CF clad tem- -

. .

! - g: pcrature li=it is (frc NS-TMA-2174)
- -

-

O$ - b$
*

L
r, -

= (MCT*. - MCT ) I'g3~an
,

r '

)AFQ 6 C5 3 10 F'6 Ca.

* . -
..

-GOC but r;ot less than zero.
AFQ3 =

* .

,

. . -
..

.

-
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The peaking factor reduction required to maintain the 2200 F
clad temperature limit is therefore the greater of aFQ and aFQ 'B N

or; a FQ = 0.0269
PENALTY

B. The effect on ECCS analysis results of using improved, more representative
data has been assessed in relation to the ECCS analysis performed and
submitted for the cycle 4 reload of the Millstone 2 plant.~ It has been
determined that the margin involved in the conservatism of input parameters
is more than adequate to offset potential burst-blockage model impacts.
Specifically, design value fuel pellet temperatures were assumed for the
Millstone 2 ECCS analysis involving Westinghouse fuel. Fuel parameters
specific for cycle 4 confirm the existence of additional margin (330F)
compared to the values utilized in the analysis.

Previous licensing credits applied to the W evaluation model analysis
have resulted in a minimum FQ increment of 0.07 for each 850F reduction in

-

pellet temperature. Therefore, incorporating the cycle-4 specific
fuel information would result in a cycle 4 margin of 0.0271 in Fg for
the 330F margin in the pellet temperature parameter for the cycle 4
Millstone 2 fuel. Hence, consideration of pellet temperature-related
input confirms that adequate margin exists in the ECCS analysis submittai
to preclude any F or peak kw/ft adjustments associated with burst-blockageg
considerations.

C. The peaking factor limit adjustment required to justify plant operation
for this burst-blockage issue is determined as the appropriate aFQ credit

calculated inidentified in section (B) above, ninus the aF P EALTY
section (A) above (but not greater than zero)Q'

F ADJUSTMENT = 0.0271 - 0.0269 s0 ,q

,
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