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U.S. Nuc! car Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555

Subject: Results of Technical Evaluation of Containment initial Temperature Aswmptions for
Large break Loss of Coolant Accident Analysis

Reference: ET NRC-92 3695 dated 4/30/92

Westinghouse provided an interim report (ET NRC-92 3695 dated 4/3u/92) pursuan: to 10CFR Part
21.21(a)(2) requirements regarding the containment initial temperature assumption used in the analysis of
the postulated Large Break Loss of Coolant Accident. Please find attached the results of the evaluation ._

of this issue.

Very truly yours,

'3! '-gM +--

' Nicholas J. Liiaruto, Manager *

Nuclear Safety and Regulatory Activities
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[ntrotltiction:

Westinghouse has completed its evaluation of a Potential Safety issue concerning the accumulator
initial temperature, the containment initial temperature, and the containment initial pressure
assumptions used in the Large Break Lost Of-Coolant Accident (l.IlLOCA) Evaluation hiodels
(Ehts). A utility initially raised this issue by questioning the 90'F containment initial
temperature assumption in its LDLOCA analysis, when the Technical Specifications allow a range
of temperatures at 100% power. Upon funher investigation of this issue the scope war broadened
to include concerns with respect to the containment initial pressure and the accumulator initial
temperature assumptions used in the LBLOCA Ehi.

1

Under the requirements of 10 CFR 21.21(a)(2), interim reports were issued to the NRC in
references 1 and 2. Since the issuance of the interim reports, the evaluation has tween completed
and it hat been concluded that the traditional Westinghouse assumptions for containment and
accumulator initial conditions in the LBLOCA Emergency Core Cooling System (ECCS) ems
are appropriate. The basis for this conclusion is outlined below.

Containment Initial Contlitions:

Evaluation Models used to calculate the Peak Cladding Temperature (PCT) during a LBLOCA
require the calculation of the containment pressure during the transient. This pressure, to which
fluid from the broken pipe exhausts, is important when the RCS pressure is nearly equal to the
containment pressure. The effect of lower containment pressure is the decrease in the reflooding
rate, which ultimately is a PCT penalty. This is addressed by the regulations of 10CFR50
Appendix K (I.D.2):

"The containment pressure used for evaluating cooling effectiveness during reflood and
spray cooling shall not exceed a pressure calculated conservatively for this purpose."

In the Branch Technical Position CSB 6-1, the NRC recognizes the effect of other parameters
on the containment pressure. The Branch Technical Position specifically identifies a conservative
trend for containment initial temperaturc:

"Therefore, the following branch technical position has been developed to provide
guidance in the performance of minimum containment pressure analysis."

* The minimum 'ontainment gas temperature, minimum containment pressure, and
maximum t . hat may be encountered under limiting normal operating conditions

. - should be < a. '
!
|

| For the LBLOCA ems, Westinghouse has defined normal operating conditions to be those
associated with full power operation, which is consistent with the 102% power assumption
required by 10CFR50 Appendix K (l.A). Th: containment parameters assumed in the LBLOCA

,

| EM need not be the same as the Limiting Conditions for Operation (LCO) as defined in the

1
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Containment Technical Specifientions. The LCOs in the Technical Specifications often represent
c'xtreme conditions thn are not typically encountered during normal operation. In addition the
LCOs associated with the Containment Technical Specifications are based upon containment
integrity _ and equip'nent operability considerations, not ECCS performance considerations.
Corsequently, some LBLOCA EM values were chosen as being representative of limiting
conditions during normal full power operation. and others were set at the Technical Specification

, LCO value. In all cases the combination of containment paran;eter values were chosen to assure
that the overall calculation of containment presrure during a LBLOCA would be conso lative.

.

Typical Westinghouse assumptions for 0 y-atmospheric containments are 90'F initial temperature
and 14.7 psia initial pressure. For subatmospheric plants Westinghouse uses the Technical
Specification minimum containmeat pressure along with a representatively low temperature of
WF. Also, ice-condenser containments typically use 14.7 paia and the maximum Technical
Specification containment temperature. The use of the maximum containment temperature for
an ice-condenser containment provides a lower containment backpressure during the reflood
transient and is therefore' conservative with respct to 10CFR50 Appendix K requirements.

Westinghouse has always used these assumptions. The containment initial temperature and
pressure assumptions in a plant's LBLOCA analysis have been consistently reported to the NRC
in the Final Safety Analysis Report. The NRC has reviewed and approved this aspect of the
LBLOCA transient via plant specific Safety Evaluation Reports.

Th'e effect of variations in initial containment parameters has been determined for the LbLOCA
Ftis through sensitivity studies. As expected, ECCS ems show PCT increases for lower
containment pressures. The 1978 LBLOCA EM [3] can experience as high as a 51 F Peak
Cladding Ten perature (PCT) increase for a i psi decrease in containment pressure, llowever,
the sensitivity to containment pressure has decreased as the LBLOCA ems have evolved. The
B ASH Evaluation Model [4] has shown a 10 F PCT increase for a 1 psi accrease in containment
pressure, and the BART Evaluation Model [5] has an increase of 4 F in PCT for a 1 psi decrease <

in containment pressure. .The WCOBRA/ TRAC Two-Loop UPI LBLOCA - Best-Estimate
Evaluation Model [9] has a 7*F PCT increase for a 1 psi decrease in containment pressure,

in addition, two analyses with the BASH EM for a dry containment plantjvere performed to
assess the_ effect of the containment _ initial temperature on the peak cladding temperature.
Decreasing the conminment initial temperature by 15 F and 30 F resulted in a PCT penalty of
3 F and a PCT benefit of 4 F respect vely. Thus, the containment initial pressure andi

temperature sensitivities for the current BART, BASH, and .WCOBRAfi'RAC Two-Loop UPI
3

Evalu: an Models have a small effect upon the calculated PCT.

It is concluckd that the LBLOCA ECCS analyses do not need to assume the containment
. temperature and pressure Technical Specification limits in order to produce a conservative

i prediction of ECCS performance.. The utilization of representative values in the ECCS analysis
does not balidate the basis for _the containment pressure and temperature Technical Specification
limits. The traditional Westinghouse assumptions for containment initial conditions in the
LBLOCA ECCS ems are judged by Westinghouse to be appropriate.,

:
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- Accumulator Water Initial Temperature:

During the containment initial temperature investigation, a related issue arose concerning the
accumulator initial temperature assumption. For the LBLOCA analy3is, Westinghouse has
typically assumed a value of 904 for the accumulators. As a result of the decreasing influence
of containment pressure on the calculated PCT results, a concern was raised with respect to the
appropriateness of the 90 F accumulator water assumption.

Westinghouse is not aware of any utilities that measure accumulato$ temperature as part
of normal operations. Theiefore, any estimation of typical accumulator %ter temperature during
normal full power operation can only be inferred from containment temperature conditions.
Containment temperatures during full powcr operation will vary considerably with location inside
of containment, with the warmest locations being inside the biological shield near the RCS piping
as well as at the higher elevations. The coolest locations are typically in the lower elevations
outside of the biological shield. A review of the containment layouts for various plants have
shown that the accumulators are typically located in the lower elevations of the containment, and
outside of the biological shield. Discussions with several utilities have indicated that 90 F is
representative of the containment temperature in the lower elevations ci the containment outsik
of the biological shield, and therefox is representative of actual accumulator temperature during
normal operation.

Sensitivity studies were performed with the BASH EM to determine the effect on PCT for
variations in accumulator initial temperature. A typical three loop plant, an ice-condenser
conc.inment plant, and two four-loop dry containment plants were analyzed. The results of these
studies indicate P at the effect on the PCT can vary between 49 F and 150*F for a 30 F increase
in the accumulatur water temperature.

Sufficient inherent conservatism already exists in the Westinghouse LBLOCA ems to bound the
uncertainty associated with the accumulator water temperature assumption. Reference 4 provides
information concerning the inherent conservative nature of the BASH Evaluation Model.
Specifically, the Technical Evaluation Report for the BASH EM provides the following
information in the conclusions and recommendations section:

"Some of the basis for determining the actual amount of margin existing in current ems
results from our experience reviewing the results of LOCA analyses from other thermal-
hydraulic codes. One of the most applicable set of analyses for this discussion was
completed by Rohatgi and Yuelys-Miksis at Brookhaven National Laboratory while the
BASH review was underway. [7] (That study is briefly referred to in Section i1 of the
(BAf i) WCAP.) The Brookhaven study concludea that there is approximately 1200 F
of conservatism in the peak clad temperature predictions contained in representative EM
calculations. Based on their analyses, they attributed almost 650 F of that conservatism
to the licensing type operating and boundary conditions and scenarios used by the EM,
and the other 550 F, or so, to the physical models required by Appendix K. We and
others have previously seen that this estimate of the amount of margin availaole is
realistic."

i
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Some of the conservt.. ism ointside of 10CFR50 Appendix K is detailed in reference 4. page 9 of
the Safety. Evaluation Repon, which states:

"The sources of the conservative margin ~are attributed to a tendency by the BASH model
to underpredict the flooding rate and the hot channel heat transfer."

-
.

-

.Furthennore, as detailed in Appendix I of reference 4, the BART Evaluation Model cont. tins
.

approximately 50'F of conservatism over the BASH Evaluation Madel. Thus, there is. d
.

- considerable conservatism in the Westinghouse LBLOCA Evaluation Models in addition to those
~

;

resulting from the 10CFR50 Appendix K requirements.

Reference 9 also indice 5 :'ut the .WCOBRA/ TRAC Two-Nop UPI LBLOCA Best-Estimate
Evaluation Model has sutticient conservatism to bound any variation in accumulator water
temperature. dage 55 of the Technica! Evaluation Report in reference 9 states:

'"The four - channel, super - bounded PCT with uncertainties is a conservative estimate-
of the 95% probability level PCT, The realistic 95% probability level PCT is less than
this value and there is a large margin "

.

During this evaluation available experimental data from the FLECHT-SEASET tests [6] and from
.the Cylindrical Core Test Facility (CCTF) [8].were reviewed. Figure 1, which is from the.
FLECHT-SEASET tests, shows that the effect of coolant subcooling on tempeutture rise 'is
inconclusive. For FLECHT-SEASET and FLECHT Cosine tests, more coolant subcooling (colder
ECCS water temperature) was found to give loser peak temperatures. In the FLECHT skewed

. power tests, the opposite effect ivas found, greater subcooling resulted in higher cladding
temperature. The CCTF tests indicate that the temperature rises during the reflood transient are

1small-over a . wide range of. initial con *tions, including different core inlet subcoolings.
However, the CCTF tests do not include a sud effect which can be used to establish a clear
trend with respect to subcooling.

In conclusio~n, sufficient inherent conservatism exists 'm the Westinghouse. LBLOCA ems to-
bound any tmeertainty associated with ti,e traditional 90 F accumulator water temperature

_ assumption. Use of an extremely _ high accumulator water temperature assumption would-
unnecessarily add further conservatism to the already conservative LBLOCA ems.;

i
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Summary and Conclusions:

The traditional Westinghouse assumptions for containment and accumulator initial conditions in
the LBLOCA ECCS Et's are judged by Westinghouse to be appropriate. There is sufficient
inherent conservatism in the Westinghouse LBLOCA ECCS ems to bound any uncertainty
associated with the current containment and accumulator temperatore assumptions, and to assure
with high probability that the criteria of 10CFR50.46 would not be exceeded in the highly
unlikely event of a Large Break LOCA. As new LBLOCA analyses are performed with either
the BART, BASH, or WCOBR AfrRAC Two-Loop UPI ems, these assumptions will be
evaluated and justified on a case by case basis.
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Figure 1. Subcooling Effect on Temperature Rise and Quench Time.
From Lee, N.~ et al., "PWR FLECHT SEASET Unblocked Bundle
Forced and Gravity Reflood Task," EPRI NP-2013. WCAP-9891,
February 1982.
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