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_ ENCLOSURE

SAFETY EVALUATION OF THE WESTINGHOUSE ELECTRIC CORPORATION
'TOPICAL REPORT VWCAP-9226-P/9227-NP
"REACTOR CORE RESPONSE TO EXCESSIVE SECONDARY STEAM RELEASES"

1.0 INTRODUCTION

-~ The Westinghouse topice! report VCAP-9226-P/9227-NP, "Reactor Core Rqspohiejto
Excessive Secondary Steam Releases," dated January 1978, describes the
,Hestinghduse methodology used for analysis of the core response to_excessivé
secondary steam release events, such as breaks in high energy secondary
steamlines, in Westinghouse designed PWRs. The report also provides an
extensive study to demonstrate the sensitivity of the/consequences,of [
steamline break accident, which is the worst case event in the excessive steam
release category, to a variety of assumptions and defines the limiting case
conditions that will be analyzed and included in an appiicant's Safety
Analysis Report,

An excessive secondary"steam flow increases primary-to-secondary heat transfer
‘and, therefore, causes overcoo]ing conditions in the primary system. This
overconling causes positive reactivity insertion due to the negative moderator
temperature coefficient and Doppler coefficient which, under adverse conditions,
could cause a return to power leading to excessive heat generation with an
accompanying departure from nucleate boiling (DNB) and violation of fuel
integrity safety limit, The extent of the moderator reactivicy feedback
prob\em depends upon & number of parameters, 1nclud1nq the numher of coolant
loops in the reactor system and the deqree of mixing in the reactor vesse) of
the fluids from the affected and the intact loops. Lack of detailed modeling
fn the vessel could result in under-estimation of such -reactivity feedback
because of overprediction of the m1x1no. and hence in non-conservative resu\ts.



The purpose of this review s to eva1uate the technica1 merit of the
Hestinghouse approach in the steamline break analysis and the results of
sensitivity studies to determine the limiting steamline break accident. The
review {s not focused on the computer codes used 1n the analysis, nor is the -
review directed toward any application to specific plant analysis.

The staff review of WCAP-9226-P/9227-NP was performed with technical
assistance from the NRC technical consultants at Araonne National Laboratory
(ANL) and International Technical Services, Inc.

2,0 STAFF_EVALUATION

2.1 QOverview of Analysis Methodology

"The process of analyzing an excessive secondary steam release event uses a
transient reactor system code, MARVEL'(Ref 1) or LOFTRAN (Ref. 2), to
generate the pr1mary system response to the secondery steam re1ease.. Both
-LOFTRAN and HARVEL utilize point kinetics mode1s to describe the core nuclear
pover transients initiated due to cooldown following 8 steam release,
Variations in reactivity due to moderator density feedback, Doppler feedback
boMn injection and rod motion are simulated in the transient model, The
reactivity coefficients used in LOFTRAN are obtained from the calculation of 3
three-dimensional static neutronic code, TURTLE (Ref. 3), assuming the end of
14fe and stuck rod condivions. Since the system transient is performed using
l point kinetics, reactivity checks are made by 1ncorporat1ng spatial effects to
~verify that the LOFTRAN point kinetics mode) overpredicts the total change in
reactivity, producing a more scvere transient. From the LOFTRAN system

. response, statepoints are generated for the heat fjux. reactor coolant system
- pressure, inlet temperature, core flow, boron concentration and reactivity at
8 given instant in the transient, These statepoints are then investigated
using a subchannel thermal hydraulic code such as THINC IV (Ref. 4) to
determine the minimum DNB ratio, :



The MARVEL code was origina11y developed by HestinghouM for reactor system
transient analysis of & 2- loop plant. The LOFTRAN code was developed for
analysis of the 3- and 4-1oop plants. Both MARVEL and LOFTRAN contafn ‘models
for the phenomena important in the steamline break events, such as point
kinetic models, steam generator heat transfer models, safety injection system
models, various plant operating contro! systems, break flow mode! and the
reactor vessel mixing models., The LOFTRAN code has been accepted by NRC for

analysis of varfous trnn:ionts and accidnnts 1nclud1ng the steamline break
accident,

THIMC is a three-dimensional thermal hydraulic code which calculates the local
cooIant density, mass velocity, enthalpy, vapor void, static pressure and |
resulting DNBR distribution in 8 PHR core, THINC and ts latest version THINC
IV have been accepted by NRC for Vicensing calculations,

TURTLE is a three dimensiona\ static neutronics code which has been accepted
by NRC for licensina calculation. However, it is indicated in the report that
a modified version of the TURTLE code has been used in the analysis. Though
the purpose of this review is to detrrmine the acceptability of the analysis
'methodology for an excessive steam re1ease event we will require that, if the
modified version of TURTLE {s used in 11censing calculation, 1t should be ‘
submitted for NRC staff review and approvaI

2.2 Reactor Vessel Hixing

~In using the LOFTRAN (or MARVEL) code for analysis of the system resbonse to
excessive secondary steam release events, the fgactor.vesse1 is nodalized as a
split core with split bypass, downcomer, lower head and upper plenum regions,
Only the upper head remains as one volume. The mixing between loops, which |
occurs in the inlet and outlet plena of the reactor vessel without any net
flow between loops, is not simulated mechanicallv, Instead, proviston. is made
to allow for mixing in the reactor vessel inlet and outlet plena through input
mixing factors which allow the user to 1nput*any'desired'dég%ee'of"mixing



between loops. Such mixing affects the coolant thermodynamic properties. and
“therefore the moderator reactivity feedbaci

Modeling. the fluid mixinq in the reactor vessel 4s an important task regarding
excessive steam release analysis because of its effect on the reactivity
feedback. Westinghouse took a two-pronged approach to modeling the reactivity
feedback. | o D

(1)

(?)

To more accurately model the mixing'betueen the affected and intact ioop

»fluids. experimental data were taken at the Indian Point One-Seventh scaie '
and other fluid mixing test facilities (Westinghouse proprietary

information) These fluid mixing test produced flow contours indicating
constant fractions of flow from the coid loop and therefore the fraction
of cold loop flow for any region of the core. These flow maps serve

as the basis for determining the mixing coefficients used -in LOFTRAN (or

‘MARVEL) for system thermal hydrauiic calculation, and also provide a basis
~for the core fluid inlet temperature distribution in the TURTLE

threo-dimensional core physics calculation,

The LOFTRAN system therma) hydraulfcs and point kinetics calculations are

coupled with the 3-D TURTLE core physics computation via an {terative
computations) procedure, In the {terative process, the core power computed
by the LOFTRAN (or MARVEL) code 1s checked at miny points throughout the
transient by running the 3D core physies code which uses as fts input the
flows, flutd temperatures, otc, computed by LOITRAN {or MARVEL) and
adjusted by the temperature distridbution map from the mixing test data.

11 the core powers calculated by the two codes differ, resctivity _
coefficients are adjusted in the LOFTRAN for MARVEL) code's point kinetics
routines to yield agreement with the stand-alone physics code. lteration
{s carried out unti) the results of the two codes converge to a °
predetermined bound. To accelerate the convergence between the LOFTRAM

and the physics codes, Hestinghouse deveioped L method. basad upon
experience developed from use of the iterative procedura. of using the.
LOFTRAN point kinetics computations together with weighting factors which



place more re1ative importance on the cooler section of the core and
therefore produces more severe reactivity feedback.

The reactor vessel mixing model is described in the "LOFTRAN Code Description"
(Ref, 2), and the fluid mixing tests are described in a response to the staff
question (Ref, §), 1In addition, the NRC staff and its technica) consultants
had performed an audit (Ref. 6) of the oroprteta}y fluid mixing data used by
Nestinghouse to support the mixin§ modq1s and core fluid inlet temperatune
naps'on whichAthe determination of overh]l occeptobiltty of the WCAP-9226
.methodology depends. These proprietary experimental fluid mixing data was
found to support the mixing and weighting factors used by Westinghouse in
LOFTRAN and MARVEL. This confirms a previous NRC conclusion stated in its
safety evaluation report for the LOFTRAN code that for steamline analysis, the
1nput mixing coefficients based on the fraction of mixing measured in the
1Indian Point One-Seventh Reactor Vessel Model Test are conservative because
they lead to a colder inlet temperature in the affected loop and thus to a
more suvera reactivity excursion, During the NRC audit, Nostinghouso further
assured that the fluid inlet temperature maps used by Westinghouse in the 3.D
cora physics computations reasonably represent the experimental data mentioned
above, and that these temperature maps conservatively mode) the temperature of
“the fluid being convected into the region of the assumed stuck rod to be
coldar than would be indicated by the experimenta) data, Therefore, we
conclude that the mixing of fluids from the affocted and intact loops s
reasonably represented, and that the computation of core power {is
conservative,

2.3 Modeling Conservatisms

In addition to the conservatisms introduced in the fluid mixine modeling
between the affected and the intact loops, other sources of conservatism are
present. in the overall WCAP-9226 methodology throuon eleqtion of input
poromoters and plant- conditions. o



. Spatfal reactivity coefficients were computed for a conservative scenarfo
which represents the end of 1ife (EOL) having the most negative moderator
temperature coefficient, and the most reactive rod cluster control assembly
stuck in its fully withdrawn position. These assumptions maximize the
reactivity fnsertion throughout the steamline break accident and produce
conservative results, Reactivity checks with the 3-dimension01 physics code
-are also made to verify that the point kinetics mode1 overpredicts the total
change in reactivity for conservatism.

Other primary modeling conservatisms the Hestinghouse SLB analysis include:
(1) use of the Moody critical flow mode! for steam blowdown calculation
resulting {n higher steam blowdown rate to maximize the forcing function of the
steamline break, and (2) use of & conservatively low effective tube bundle -
height in the steam aenerator to maximize the time the water level remains
~above the tube bundle, and maximize the heat transfer to the secondary side and '
the severity of the core response throughout the transient. Each of these
models represents 8 conservative approach to its respective phenomenon,

2.4 Sens1t1v1tyistudies

The respohse of a PHR system to an excessive secondary release 1§ dictatgd'by
the steam release rate. The consequence is a1$6'affected by the features of
the reactor protection systems such as steamline isolation, feedwa ter
isolation, core boration from safety injection and reactor trip. Chapter 3 of
WCAP-9226 provides the sensitivity studie;.performed,by Nestinghouse to _
demonstrate that the main steamline break accident analyses in the applicants’
safety analysis reports represent the bounding case for the excessive se;bndary
steam release event. The sensitivity studies performed with LOFTRAN using a
_standard 2785 MWt 3-loop Westinghouse designed plant as the basic model.
Westinghouse contended that the trends of these sensitivity studies performed
for the three loop plants are applicable to the four Yoop p\ants. We aaree
that this is a reasonable conclusion,



Two cases were analyzed by Westinghouse: (1) the Base Case to show what the
1argesf hypofnet1ca1 steamline break transient might realistically look 1like
at the worst time in fuel 14fe, EOL, and (2) the Reference Case which is a
standard Hestinghouse‘SAR analysis for the 3eloop_p1ants. In each case, the
basic mode incorporated a Series 51 steam generator which has a flow
restrictor in the steam line downstream of the steam generator and can,
therefore. have a double-ended steamline rupture area of 4.6 ft2, whereas the
more recent D series or the F series steam generators contain a 1.4 ft2 flow
restrictor as an integra) part of the steam generator outlet nozz1e. 11m1t1ng
. the bresk flow to that amount, Thus this particular basic mode) would compute
the worst-break flow, Comparison of the Base Case with the Reference Case ‘
1dentified the extent of differences which SAR conservetisn and additional
calculationa) uncertainty factors render to the worst break at worst time in
fue) Yife. The Reference Case was then used as the holls for the rest of the
_lensitivity ltud1e|. \ -

Sensitivity studies were performed with respect to the single independent
~failure assumption (as in the avo11ab11ity of sefeguords train), tnitia) power
~operating modes, instrument errors, location of the pressurizer, feedwater
assumptions, moderator density feedback, boron coefficient, shutdown margin,
power feedback, RCS flow, moisture carryover/steam generator performance,
upper head injection, 1n1t1a1 steam generator water mass, plant feature
varfation (such as 3- 1oop plant versus 4-loop plant ond steam generator types),
N-l 100p operation, and steamline break sizes.

The results documented in cnapter 3 of HCAP 9226 indicate that those
parameters to which the MDNBR was found to be sensitive are treated in 2 |
conservative fashion in the Reference Case.

" 2.5 ANL Audit Caleulations

Tn 1983 and 1984, the staff technical consultants at the ANL performed audit
calculations (Refs, 7 and 8) of certain steamline break computations contained



in the North Anna and Marble Hills FSARs, which used the methodology described
in WCAP-9226, These audit calculations were performed using RELAP5/MOD1.5
point kinetics and a set of weighting and mixing factors which were identical _
to those used by Westinghouse in a fully converged set of thermai hydraulic
computations. : . - , -

Sensitivity and'parametric studies were performed for various combinations of
the following parameters: (1) 3- and 4-loop plants, (2) full and zero powers, .
(3) with and without offsite power, (4) with and without conservatism. (5) full
and minimum safeguards, and (6) various break sizes. ANL concluded that the
Hestinghouse methodoiogy contained many important conservatisms. including the
following:

B 1. Assumed 10 seconds of full main feedwater flow plus auxiliary feedwater
' (AFN) fiow at the lowest expected temperatures. and then reduced to only
the AFW flow which was diverted to the affected steam generator;

2. Used high upper head infection fiowrate to a1iow continued |
depressurization. ,

3. Aiiowed only pure steam to exit the break and thus maximized the cooldown
of the primary system;

4, Assumed minimum capacity for boric acid injection by allowing oniy'the
safety injection system pumps (not charging pumps) to.deliver boron;

6, Lack of caicuiation of the primary side heat structures in LOFTRAN
resulted in more rapid primary cooidown-
: e
6, lsed conservative reactiviry feedback corresponding to the EOL, {.e., the
largest moderator density coefficient a low boron coefficient and low
shutdown margin; and '



7. lgnoring decay heat caused faster primary cooldown ‘and therefore a greater
return to power,

Results'of the ANL audit computations indicate that Westinghouse results were
conservative for typical Westinghouse 3-and four-loop plants.

2.6 Use of The W-3 Correlation

For the ANSYCondition'lI events, such as an {nadvertent yalve opening.ithe

. design basis {s to ensure that there will be at least a 95 percent probability
at 95 percent confidence level that the hot rod will not experience departure
from nucleate boiling. This is analyzed with a- subchannel core
thermal-hydraulic code {THINC 1V) along with the critical heat flux (CHF)
correlation W-3. For an ANS Condition 1V accident -such as matn steamline

break, fuel failuremmay occur, but the maximum amount of failure is limited by ‘

the .radiological release set forth in 10 CFR 100. The fuel failure criteria
for a steamline break is the DNBR 1imit of the CHF correlation which
corresponds to the 95/95 limit.

The W-3 CHF correlation has previouSly been approved for application over a
pressure range from 1000 to 2300 psfa with a minfmum DNBR 1imit of 1.3,
However, in the steamline break accident. the primary system pressure may drop
to as low as 500 psia which is outside the range of applicability of W3, 1In
respond to 3 staff question (Ref. 9), Hestinohouse provided additional
' information to justify the use of the W-3 correlation in the Yower pressure .
range This information included a statistical analysis based on experimental
data in the 500 to 1000 psfa range, which adequately supports the conclusion
‘that there is a 95 percent probability with 95 percent confidence leve! that
DNB would not occur if the DNBR 1imit with the W-3 correlation is 1.45 in that
~ pressure range. Thus we. conclude that the W-3 correlation is an acceptable
“correlation for use in the SLB analysis with the appropriate DNBR limits of
1,45 for pressures from 500 to 1000 psfa and 1,3 from 1000 to 2300 psia,

\



3.0 SUMMARY

The staff has reviewed the Westinghouse topical report HCAP-9226 regarding the
‘methodoIogy used for enaiysis of excessive secondary steam release events,

and the sensitivity studies used to identify the limiting cases used in the
SARs. We find that both the analysis methodology and the eensitivity_studies
are acceptable. This acgeptabi]ity is subject to the following restrictions:

1. Only those codes which have been accepted by the NRC should be used for
11censinq app11cation° and

2. - For the pressure between 500 and 1000 psia, the 95/95 DNBR limit for the
W-3 corre1et10n is 1.45, '
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