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NUCLEAR REGULATORY COMMISSION DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

PLEASE READ CAREFULLY

This technical report was <1enved through research and deveicoment
programs sponsored by Exxon Nuclear Company, Inc. It is being sub-
tmtted by Exxon Nuclear to the USNRC as part of a technical contre
bution to facilitate safety analyses by licensees of the USNRC whicn
utilize Exxon Nuciear faDricated reload fust or otner tecnnicai services
provided by Exxon Nuclear for licht water power reactors and it is true
and correct to the best of Exxon Nuc! ear's knowledge, information,
and belief. The informanon contained hersin may be used by the USNRC ,

in its review of this report, and by limnsees or acolicants before the
USNRC which are cusemers of Exxon Nuclear in their demonstracon

*

of comoliance with the USN RC's regulacons.

Without deroganng from the foregoing, neither Exxon Nuclear nor
any person acting nn its behaif:

A. Makes any warranty, express or implied, with resoect to
the accuracy. completeness, or usefulnes of the infor.
mation contained in this document, or that the use of
any information, accaratus, method, or process disclosed
in this document will not infnnge privately owned ngnts:
or .

B. Assurnes any liaoilities with respect to the use of, or for
darrages resulting from the use of, any information, ao-
paratus, method, or process disclosed in this document.
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1.0 INTRODUCTION AND SUMMARY

In 1976, Exxon Nuclear Company (ENC) performed a LOCA-ECCS analysis for

ENC-fabricated fuel in the Donald C. Cook Unit I reactor and established

peaking limits (l) assuring conformance to NRC 10 CFR 50.46 and Appendix K
-

criteria.(2) Following the 1976 analysis, ENC performed an updated LOCA-ECCS

analysis with the ENC WREM-IIA model and tne ENC ice condenser containment

code, ICECON. That analysis was ^ documented in the XN-NF-81-07 report in

February of 1981.(3)

This report extends the LOCA-ECCS results presented in XN-NF-81-07 to a

peak. pellet exposure value of 48.0 GWD/MTU from the current 1imit of 42.2

GWD/MTU. The analysis was performed using the WREM-IIA ECCS evaluation

model, with the following EXEM/PWR ECCS evaluation model(4) modifications:

Fuel rod stored energy and fission gas release calculations were.

performed with the R00EX2(5) code.

Fuel rod swelling and rupture was calculated with the ENC /NUREG-.

'0630 clad rupture / blockage model.(14)

The EXEM/PWR revised steam cooling model(4) was used in the T000EE2.

heatup calculation.

The LOCA- analysis was performed for the previously established 1imiting

break, the equivalent double-ended spiit break of the cold leg (1.0 DECLS).

Figure 1.1 plots the calculated LOCA-ECCS allowed total peaking versus

- exposure for ENC fuel in the D.C. Cook Unit I reactor. The current analysis

.is represented by the final point in F igure 1.1. The remaining values are

.
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i

'those presented in XN-NF-81-07. The corresponding linear heat generation

rates and ECCS results are given in Table 1.1. The end-of-life (E0L)

calculated peak cladding temperature (PCT) is 17360F, occurring at 262

seconds into the' accident at a location 9.25 feet from the bottom of the

active core. As in the previous analysis, it was assumed that one of the LPSI

pumps had failed. An earlier sensitivity study (15) showed that peak clad
,

temperature (PCT) increased 420F when a conservative' estimate of maximum LPSI

flow was assumed. Assuming the same PCT increase in the current analysis for

the maximum LPSI flow case, the PCT will be 17780F, Operation of D.C. Cook
T

Unit 1 at or below allowed total peak ing Fg of 1.82 and Fag' of 1.55 at a peak

pellet burnup of 48 GWD/MTV assures compliance with NRC 10 CFR 50.46 LOCA-

ECCS .1icensing requirements.'~

Details of the analytical models used are described in Section 2.0.

Section 3.0 shows the complete calculated results for the system analysis and

the end-of-life ENC fuel heatup analysis. Conclusions are given in Section

4.0 and references in Secticn 5.0.

|

.

]
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Table 1.1 D.C. Cook Unit 1 Exposure Sensitivity Results

Peak Pellet Burnup (GWD/MTU) BOL 12.0 23.5 34.5 42.2 48.0

T 2.07 2.10 2.04 1.98 1.89 1.82
Total Peak in9, Fq ,

1.55 1.55 1.55 1.55 1.55 1.55Enthalpy Rise, Nuclear, Fhi

Peak Linear lleat Generation Rate
(kW/ft) 14.24 14.45 14.03 13.62 13.00 12.52

l Peak Clad Temperature (PCI), OF 2199 2177 2195 2185 2186 1736

|

Max. Local Zr/ll 0-Reaction, % 6.42 6.09 6.25 S.95 S.62 2.26
2

"
Core Wide Zr/Il 0-React ion, % <l% <1% <l% <l% <l% <1%

2

llot Rod Burst Iime, sec. 47.'i 70.9 73.5 85.7 101.1 124.6

ilot Rod Burst Localion, t t. 6.0 6.25 6.5 6.5 6.75 9.75

Iime of PCI, sec. 230 232 263 271 294 262

PCI Location, ft. 7.81 7.0 7.25 7.25 7.50 9.25

Max. Zr/Il 0-Reaction Localion, fL. 7.50 7.0 7.25 7.25 7.50 9.75
2-
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2.0 ANALYTICAL AND SYSTEM MODELS

The O.C. Cook Unit 1 extended burnup. analysis used the ENC WREM-IIA PWR

ECCS evaluation model(6,7,8,9) and the following EXEM/PWR ECCS models:(4)
.

ENC /NUREG-0630 clad rupture / blockage model.

Revised steam cooling model.

RODEX2 stored energy and fission gas release model.

The ENC ECCS evaluation model used in this analysis consists of the

following computer codes: RODEX2(5) code for initial rod stored energy and

internal fuel rod gas inventory calculations; RELAP4-EM(10) for the system

and hot channel blowdown calculations; ICECON(11) for the computation of ice

condenser containment back pressure; REFLEX (12) for computation of system

reflood; and T000EE2(13) for the calculation of hot fuel rod heatup.

.

%
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3.0 SYSTEM ANALYSIS RESULTS

The D.C. Cook Unit 1 ECCS extended burcup analysis was performed for the

previously identified limiting large break, the large cold leg split break

with the break area equal to twice the pipe cross sectional flow area. This

break is referred to as the equivalent double-ended cold leg split break (1.0

DECLS). The analysis was performed for a burnup condition with the peak

pellet exposure equal to 48 GWD/MTM. The radial peaking was set at 1.55, with

a maximum ax ial peak ing f actor of 1.17 shown in F igure 3.1.

Calculated event times for the 48 GWD/MTM peak pellet extended burnup

ECCS analysis are given in Table 3.1. RELAP4-EM system blowdown results are

given in Figures 3.2 through 3.6. Figures 3.7 through 3.12 present results

of the RELAP4-EM hot channel calculation. Extended decay power is shown in

Figure 3.13, and the ICECON computed containment pressure is given in Figure

3.14. REFLEX reflood results are shown in Figures 3.15 through 3.18. End-

of-life T000EE2 results with Fh of 1.82 and FaH of 1.55 are shown in Figure

3.19.

-

.
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.

Table 3.1 0.C. Cook (Jnit 1 Limiting Break Event Times (1.0 DECLS)
for 48 GWD/MTM Peak Pellet Extended Burnup Analysis

Calculated Event
Event Time (sec)

Start 0.0

Initiation of Break 0.05

Safety Injection Signal 0.65

Begin Accumulator Injection, Broken Loop 2.06

Begin Accumulator Injection, Intact Loop 15.50

End-of-Bypass 22.71
,.

Begin Pumped Safety Injection 25.65

Accumulator Empty, Broken Loop 32.76

Bottom of Core Recovery 38.99

Accumulator Empty, Intact Loop- 50.36

Hot Rod Burst Ti'me 124.6

Peak Cladding Temperature Time 262.0

s

&

-_ _ _ - _ _ _ _ - _ _ _ __.--__|_ _ _ _ _ - - _ _ _ _ _ . _ - _ _ . ___ _ ._ _ . _ _ _ _ _ _ .
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4.0' CONCLUSIONS

The analysis of the limiting break (1.0 DECLS) for the O.C. Cook Unit i

reactor with the ENC WREM-IIA and selected EXEM/PWR ECCS evaluation models
T. shows that the reactor can operate at allowed total peaking Fg of 1.82 and

FaH of 1.55 at a peak pellet burnup of 48 GWD/MTM and continue to meet the NRC
,

10 CFR 50.46 criteria with analyses performed in conformance to 10 CFR 50

Appendix K requirements. Operation within the ECCS allowed limits as defined

in Figure 1.1 and Table 1.1 assures that the NRC acceptance criteria are met.

That is:

(1) The calculated peak - fuel cladding temperature does not exceed

22000F.

(2) The calculated-local cladding' oxidation does not exceed 17% of the

cladding thickness during or after quenching, and the temperature

trans ient is terminated while the core geometry is amenable to

cooling.

(3) The calculated core-wide reaction of cladding with water or steam

does not exceed 1% of the total mass of zircaloy in the reacter.

-(4) System long term cooling capab11ities provided for previous cores

will also cool ENC fueled cores.

.

, , ,.--
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