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- INDIANA & MicHiGaN ELEcTRIC CoMPANY

P. 0. BOX 18 :
BOWLING GREEN STATION '
NEW YORK, N. Y. 10004

Jahuary 11, 1980
AEP:NRC:00322C

Donald C. Cook Nuclear Plant Unit No. 2

Docket No. 50-316

License No. DPR-74 .

Subject: Peaking Factor Limits at Unit 2
In Light of Revised Analysis

Mr. Harold R. Denton, Director .
O0ffice of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Denton:

The purpose of this letter is to formally transmit
to' you information which was presented at a meeting held on
January 10, 1980 and which was attended by members of your
staff, by AEP and by Westinghouse Electric Corporation.
Attachment A contains an ECCS analysis for Unit 2 of the Cook:
Plant using the approved Westinghouse February 1978 evaluation
model. This analysis resulted in a total F, of 2.02 while
our previously submitted and approved ana]ygis using the
October 1975 model with the correct metal-water reaction de-
scription yielded an FQ of 2.11. The data explaining this
reduction in Fq when using the newer model is contained in
Attachment B. 'The February 1978 analysis and the change in
peaking factors associated with its use-was discussed:in detail
at the referenced meeting wherein all attendees agreed that the
February 1978 analysis is valid.

In 1ight of the data presented in draft NUREG-0630, the
total FQ for Unit 2 was further reduced by-0.03 as explained in
our letters of January 8, 1980 (AEP:NRC:00322A) and January 9,
1980 (AEP:NRC:00322B). We have accepted this further reduction
in FQ to 1.99 voluntarily. .
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Mr. Harold R. Denton, Director -2- AEP:NRC:00322C

Finally, we have reviewed the revised Technical Specification
Figure 3.2-2 submitted in AEP:NRC:00322B. This review confirms
that the submitted figure is properly based on the February 1978,
Unit 2 - specific large LOCA analysis and the Unit 2 small break
analysis previously submitted and approved (FSAR Section 14.3:2),

and is therefore correct.
jery tr(w your;;

RSH:em R. S. Hunter
Vice President

. C. Callen

. Charnoff

. E. Dolan

. W. Jurgensen

. V. Shaller-Bridgman

cc:

O Lm
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The Loss of (“:oo1an't Accﬁnt (LOCA) has been reanalyzed ¥
" DonienCoCose UN(TQ (AMP\ The following information amends the'

Safety Ana]ys1s Report section-on MaJor Reactor- Coo]ant System Pipe:

“Ruptures. The resu]ts are cons1stent with acceptance criteria prov1ded

iy

in reference 1

- The description of the var1ous aspects of the LOCA analysis is g1ven dn

" WCAP- 8339[ ]. The 1nd1v1dua1xcomputer codes which comprise the

Westinghouse Emergenc& Core Cooling System (ECCS) evaluation model are =~
described 1n detail in separate reports [3'GéJd]ong'with code modifi- |
cations spec1f1ed in references 7, 9 and 10. The anaiysis'presented
here was performed with the February 1978 version- of the eva]uatlon
mode] which 1nc1udes modifications de]xneated in references 11, 12 13

and 14.

hetnlastm e s
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. Results ‘ : . ’ . ,

The analysis of the loss of coolant acc1dent 1s performed at 102 percent
of the -licensed core power rat1ng. The peak 11near power"and total core
power used in the ana]ys1s are g1ven in Tab]e 2. Since there is margin
"between the value of peak 11near power density used jn thiévaoalyéié and
the value of the'peak'liqear power»deﬁs}ty expeoted during p]ant opera-
tion, theupeak clad temperature oa]cu]ated"inlthis enalysis is greater
than the maximum clad temperature expected to exist.

Table 1 presents the.oecﬁrence time for variousmevepts throughout the ﬁ

accident transient.

“Table 2 presentsnselected input vaere and results from the hot fuel rod
_thermal transient calculation. For these results, the hot spot is
defined‘as the location of maximum peak clad temperatures. That loca- -
tion is spec1f1ed in- Table 2 for each break ana]yzed The location is -
indicated in feet which presents elevation ‘above the bottom of the

-

active fuel stack.

Table 3 presents a summary of the various containment syStems parameters
LoTiC
and structural parameters wh1ch were used as 1nput to the €520 computer

- Y
code[e-tung in this ana]ys1s.

L XY
~

Tables 4 and 5 present reflood mass and energy releases to the contain-
_"ment, and the broken loop accumu1ator mass and energy release to the

containment, respectively.
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*  The results of several ﬁnsitivity studies are’ reportedw. These.

results are for conditions which are not limiting in nature and hence

are reported on a generic basis. .

Figures 1 through 17 present the transients.for the principle parameters

for the break sizes analyzed. The following items are .noted:

Figures 1A - 3C: Quality, mass'yelocity'and clad heat transfer coeffi-
L cient for the hotspot aﬁd burst locations
Figures 4A - 6C: Core pressure, break flow, and core pressure drop.
‘The break flow is the sum of the flowrates from both
ends of the guil]o}ine break. The core pressure drop
is taken as the préssbre just befbre“the core inlet

”to the pressure just beyond the core outlet

Figures 7A - 9C: Clad temperature, fluid temperature and core flow.
' . The clad and fluid temperatures are for the hot spot

and burst locations

Figures 10A - 11C: Downcomer and core water level during reflood, and

Py

flooding rate

e”

) —~
Figures 12A - 13C: Emergency core cooling system flowrates, for botq

accumulator and pumped safety injebtion
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'Figures 14A - 15C: Containment pressure and core power transients
Figures 16, 17: - Break energy refease during blowdown and thé contain-

ment wall condensing heat transfer coefficient for

the worst break ) - .
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Conclusions - Thermal Analysis

For breaks up to and including the double ended severance of a reactor

coolant pipe, the Emergency Core Cooling System will meet the Acceptance

Criteria as presented in 10CFR50.46.L11 That is:

1.

2.

The calculated peak clad temperature does not exceed 2200°F based -

~on’a total core peaking factor of 2,09 .

The amount of fuel element cladding that reacts chemically with

water or steam does not exceed 1 percent of the total amount of

) Zifcal]oy in the reactor.

The clad temperature transient is terminated at a time when the core

- geometry is still amenable to cooling. The cladding oxidation n

4.

M e

e er s mmemas e ] i eisesenes wee se m cm o= b ma MIweIe (veaMmet assmtRuilam lem A csSreeaes ¢ 2

Timits. of 17% are not exceeded during or. after quenching.

\,‘ G ah vy N
The core temperature is reduced and decay heat is removed for an

extended period of time, as required by the long-lived radioactivity

remaining in the core.
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. 4.

~“sient Analysis," WCAP-8301 (Proprietary Vers%on), WCAP-8305 (Non-

5.

£~ T References for Section @.4.1 0

*Acceptance Criteria for Emergency Core Cooling Systems for Light
Hater Cooied Nuclear Power Reactors", -10CFR50.46 and Appendix K of
10CFR50.46. Federal Register, Volume 39, Number 5, January 4, 1974,

Bordelon, F. M., Massie, H. W., And Zordan, T. A., "Westinghouse

. ECCS Evaluation Model-Summary," WCAP-8339, July 1974.

Bordelon, F. M., et al., "SATAN-VI Program: Comdrehensive
Space-Time Dependent Analysis of Loss-of-Coolant," WCAP-8302 (Pro-
prietary Version), WCAP-8306 (Non-Proprietary Version), June 1974.

Bordelon, F. M., Et al., "LOCTA-1V Program: Loss-of-cdolant Tran-

Proprietary Version), June 1974.
Kelly, R. D., et al., “Calculational Model for Core Reflooding after
a Loss-of-Coolant Accident (WREFLOOD Code)." WCAP-8170 (Proprietary

_ Version), WCAP-8171 (Non-Proprietary Version), June 1974.

—” . T e

Hsieh, T. & Raymond M. ," Lohg Term Ice Condenser Containment-LOTIC Code

é;_) Gh) Supplement 1," WCAP 8355 Supplement 1, May 1975. WCAP-8354

'7.

(Proprietary), July 1974.

~ Letter from K. Kniel to J. Tillinghast, December 27, 1974-

"

" "Order for Modification of License for the Donald C. Cook
. Nuclear Plant Unit 1." ;
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Bordelon F. M., et al., "The ﬁestinghouse ECCS Evaluation Model:
Supb]ementéry Information," WCAP-8471 (Proprietary Version), WCAP-
8472 (Non-Proprietary Version), January 1975.
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9.

10.

11.

12.

13,

Salvatori, R.,. "Westinghouse ECCS - Plant %ensitivity Studies,"
WCAP-8340 (Proprjeta(y Version), WCAP-8356 (Non-Proprietary Ver-
sion), July 1974. . "

“Westinghouse ECCS Evaluation Model, October, 1975 Versions," WCAP-
8622 (Proprietary Version), WCAP-8623" (Non-Proprietary Version),
November, 1975, - “

Letter from C. Eicheldinger of Westinghouse Electric Corporatioh to
D. B. Vassalo of the Nuclear Regulatory Coﬁmisskon, letter number

NS-CE-924, January 23, 1976.

Kelly, R. D., Thompson, C. M., et. al., "Westinghouse Emergency Core

Cooling System Evaluation Model for Analyzing Large LOCA's During

Operation With One Loop Out of Service for Plants Without Loop Iso-
1atiqn Yalves," WCAP-9166, February, 1978.

- =\‘ -

Eiche]dingér C., "Westinghouse ECCS Evaluation Model, February 1978
Version," WCAP-9220-P-A (Proprietary Version), WCAP-9221-A (Non-Pro-

- prietary Version), February, 1978.

-

Letter from T.’M. Anderson of Westinghouse Electric Corporation to

John Stolz of the Nuclear Regulatory Commission, letter number

- NS-TMA-1981, Nov. 1, 1978.

14,

Letter from T. M. Anderson of Westinghouse Electric Corporation to
John Stolz of the Nuclear Regulatory Commission, letter number

NS-TMA-2014, Dec. 11, 1978.
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Rx Trip Signal..
.S, 1. Signa]gmﬁ,

.
"

START - -

Acc. Injection
End of Blowdown
Bottom of Core Recovery

Ree. Eapty

_Pump Injection

End of Bypass
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TABLE 1

TIME SEQUENCE OF EVENTS

0CT'75 W/ZIRC FIX " FEB'78 ANALYSIS

REACTOR TRIP SIGNAL 0.72 © 0.7
SI SIGNAL : 4.64 4.83
* ACCUMJLATOR INJECT | 14.5 146
> .
SITINJECTS - 29.64 29.83
_ END OF BYPASS , 27.72 33.18
_ END OF BLOWDOWN © . 32,04 39.07
BOTTOM OF CORE RECOVERY . 4.8 48.97

- ACCUMULATOR EMPTY 56.83 ‘ 56.42




i) 81

L ® ®

MASS DEFICIT IMPACT

0CT'75 W/ZIRC FIX " FEB'78 ANALYSIS

LIQUID REMA;NING @ EOE 25163.4 {bs. . 35299.9 1bs.
BYPASS DEFICIT 28324.3 1bs. 30487.5‘1bs.“
LIQUID.REMAINfNG FOR REFILL o 0.0 g . 4812.4 1bs.

EOB ACCUMULATOR DELIVERY RATE h 4600.0 1bs./sec.._
AVAILABLE REFILL TIME DIFFERENCE - 1.05 sec.

EOB DIFFERENCE | ’ ~ " 5.46 sec. -

BOC DIFFERENCE L 4.43 sec.



FQT

PCT

- ZPCT

ZR/H,0 RXM

Z ZRH,0 RXM
“HOT ROD BUR;T

Z HRBURST

" TABLE 2

RESULTS

0CT'75 W/ZIRC FIX

2.10
2188°F
8.OKFT
7.71%
8.0 FT
36.8 SEC

6.0 FT

FEB'78 ANALYSIS
2.02
2171
7.5 FT
6.36%

7.5 FT
40.6 SEC

6.0 FT



"z

ACCUMULATOR EMPTY TIME

)

ZC @ ACCUﬁULATOR EMPTY TIME
- STEAM COOLING. STARTS .

D @ STEAM COOLING

Z, @ STEAM COOLING -

FULL DOWNCOMER TIME

" ACCUMULATOR WATER VOLUME
PER TANK @ BOC

TABLE 3

- OCT'75 W/ZIRC

@ ACCUMULATOR EMPTY TIME

" 56.83 SEC

15.99 FT ~

2.01 FT
86.63 SEC
16.0 FT
2.72 FT
63:6 SEC

377.67 FT°

Y

"223.37 FT

FEB'78

- 56.42 SEC

10.35 FT
1.55 FT
59.57 SEC
10.7 FT
1.715 FT

128 SEC

3
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A)
B)
c)
D)
E)

@ ®

. MAJOR MODEL CHANGE IMPACTS

15 X 15 FLECHT -~ NO IMPACT
WATER PACKING - AS NOTED EARLIER

DYNAMIC STEAM COOLING - 60°F [WCAP 9220 -P-A]
F=1.25 DURING REFLOOD - REFILL & REFLOOD BENEFIT

CODE MAINTENANCE & ANALYTICAL IMPROVEMENT - LESS THAN -12°F



e

INPUT CHANGES IMPACT

A) SATAN
1) CORE POWER IN SATAN*
2) STEAM GENERATOR INITIALIZATION/T-INLET*
3) INCREASED SAFETY INJECTION
4) MICELLANEOUS*

- B) REFLOOD

1) BROKEN LOOP ACCUMULATOR SPILL TO SPRAY**
2) INCREASED SAFETY INJECTION
~3) LOWER PLENUM VOLUME REVISION

C) LOTIC ,
1) PAINT ON CONTAINMENT SURFACES**

D) LOCTA |
1) AXIAL NODING SCHEME - NO IMPACT
2) INITIAL ROD GAP GAS'BACKFILL PRESSURE

"* LESS THAN 25°F IMPACT
** LESS THAN 3°F IMPACT



