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Mr. J. K. Taylor, Manager
Licensing Services

B&W Fuel Company

P. 0. Box 10935

Lynchburg, Virginia 24506-093%

Dear Mr, Taylor:

SUBJECT: ACCEPTANCE FOR REFERENCING OF LICENSING TOPICAL REPORT,
BAW-10165P, "RSG PLANT SAFETY ANALYSIS®

We have completec our review of the subject topical report submitted by the

Babcock & Wilcox Fuel Company (BWFC) by a letter dated October 22, 1987, We
find the report to be acceptable for referencing in license applications to

the extent specified and under the 1imitations delineated in the report and

the associated NRC evaluation, This evaluation is enclosed and defines the

basis for acceptance of the report,

Ne do not intend to repeat our review of the matters described in the report
and found acceptable when the report appears as a reference in license
applications, except to ensure that the materia) presented is applicable to
the specific plant involved. Our acceptance applies only to the matters

’ described in the report.

In accordance with procedures established in NUREG-0390, it is requested tiat
BWFC publish accepted versions of this report, proprietary and non-proprietary,
within three months of receipt of this letter, The accepted versions shall
incorporate this letter and the enclosed evaluation between the title page and
the abstract, The accepted versions shall include an -A (designating
sccepted) following the report identification symbol.

Should our criteria or regulations change such that our conclusfons as to the
acceptability of the report are invalidated, BWFC and/or the applicants
referencing the topical report will be expected to revise and resubmit their
respective documentation, or submit justification for continued effective
applicability of the topical report without revision of their respective
documentation,

Sincere

(Phoct e

Ashok C. Thadani, Assistant Director

for Systems
Division of Engieering & Systems Technology
Office of Nuclear Keactor Regulation

' Enclosure:
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ENCLOSURE

SAFETY EVALUATION OF THE BABCOCK & WILCOX COMPANY
TOPICAL REPORT BAN-10169,
RSG PLANT SAFETY ANALYSIS

1.0 INTRODUCTION

In its effort to market fuel reloads for the pressurized water reactor (PWR)
plants equipped with recirculating steam generators (RSG), the Babcock &
Wilcox Fuel Company (BWFC) has developed reload safety analysis methodologies
for loss-of-coolant accidents (LOCA) and non-LOCA transients and accidents.
The LOCA evaluation mode) is described in Topical Report BAW-10168P, RSE
LOCA (Ref. 1). The approach for safety analysis of non-LOCA transients {s
described in Topical Report BAW-10169P, "RSG Plant Safety Analysis," which is
the subject of this safety evaluation,

The non-LOCA safety anmalysis methodulogy uses & reactor system transient
computer code complemented with other core physics and thermal hydraulic codes
to perform calculations of transients and accidents. A system transient
analysis code, RELAPS/MOD2-B&W (Ref. 2), s used to model and calculate the
systen responses for each transient. Reactor core power during each transient
is celculated by the point kinetics neutronic mode! in RELAPS/MOD2-BEW, with
the physics parameters, such as reactivity coefficients and power peaking
factors, obtained from independent core physics codes, such as PDQO?7 and FLAME3
(Refs. 3 and 4). The resulting core therma) hydraulic conditions calculated by
RELAPS/MOD2-B&N, such as power level, core flow rate, temperature and pressure
as functions of time, are used as boundary conditions for another core thermal
hydraulic code, such as LYNXT (Ref, §) or a combination of LYNX1 and LYNX2
(Pefs. 6 and 7), to determine the hot fuel rod temperature and departure from
nucleate boiling ratio (DNBR), A critical heat flux (CHF) correlation, such as
BWCMY (Ref. 8), is used in the subchannel code to calculate CHFs and DNBRs.



Rather than fllustrating the complete safety analysis methodology, Topice)
Report BAW-10169 provides (1) a description of how the BWFC will yse
RELAPS/MOD2-BSW for modeling the reactor primery and secondary systems for
analyses of various non-LOCA transients and accidents and (2) comparisons of
the results of RELAPS/MOD2-B&W analyses with the results from safety analysis
reports (SARs) for several plants with the Westinghouse four-loop design. The
objective of Topical Report BAW-10169 1s to show that RELAPS/MOD2-B&W, with
proper reactor system noding model and inputs, 1s a viable too! for calculating
transient reactor system response as part of a non-LOCA safety analysis,
Justification for the plant-specific inputs used in safety analysis will be
provided in plant-specific application reports. This objective is not without
merit because all of the codes used for safety analysis ex~apt RELAPS/MODZ-B&N
have previously been approved by the Nuclear Regulatory Cowaission (NRC) for
licensing calculation,

RELAPS/MOD2-B8W, described in BAN-10164P, is currently under NRC review. The
BWCMY CHF correlation, described in BAW-10162P, has beer reviewed and approved
for application to Mark BW fuel and Westinghouse optimized fue) assemblies.

Therefore, this safety evaluation addresses the acceptability of using
RELAPS/MOD2-B&W with proper reactor system noding details for calculation of
transient system response as part of the reload safety analysis of the nen-LOCA
accidents and transients, but does not address the individual codes and CHF
correlations. The acceptability of the individual codes and correlations

are addressed in their respective safety evaluation reports, and the
limitations or restrictions associated with these codes or correlations would
apply also to the safety analysis methodology. Specific irputs required for
each safety analysis will be addressed curing the review of the plant-specific
application reports.

2.0 STAFF EVALUATION

The review includes the determination of the suitability of the RELAPS/MODZ-B&W

code, the appropriateness of the reactor system moceling, the benchmark ‘
analysis, and the non-LOCA transients and accidents chosen for safety analysis.




. 2.1 RELAPS/MOD2-BAW

RELAPS5/MOD2-B&W 15 & BWFC version of the RELAPS/MOD2 code. RELAPS/MOD2 was
developed by the Idaho Netional Engireering Laboratory as 2 best-estimate code
for simuletion of a wide variety of PWR system transients of interest. The
code, which is modularized according to components and functions, has been
designed to mode! the behavior of all major components in the reactor system
during accidents ranging from large-break LOCAt to anticipated operationa)
transients involving the plant control and protection systems. The primary
system, secondary system, feedwater train, system controls, and core neutronics
can be simulated. Special component models include pumps, valves, heat
structures, electric heaters, turbines, and separators and accumulators.

The fundamenta) equations, constitutive models and correlations, and method of
solution of RELAPS/MOD2 are described in NUREG/CR-4312 (Ref. 9). A very
detaiied description of the models and correlations used in RELAPS/MOD2 was

‘ recently published in NUREG/CR-5194 (Ref., 10). RELAPS/MOD2-B&N preserves the
original model: of RELAPS/MOD2 and adds features and models required for
1icensing analysis for both LOCA and non-LOCA accidents and transients., A
description of RELAP5/MODZ2-B&W including the original RELAPS/MODZ models and
the BWFC modifications 1s provided in the Topical Report BAW-10169.

The RELAPS/MOD2-BAW hydrodynamic mode)! 1s a one-dimensional, transient,
two-fluid mode! for flow of & steam-water two-phase mixture. The two-fluid
field equations consist of six equations: two phasic continuity equations, two
phasic momentum equations, and two phasic energy equations, Therefore,
RELAPS/MOD2-BBN is capable of treating nonhomogeneous, nonequilibrium flow.
The hydrodynamics mode)l also contains several options for invoking simpler
hydrodynamics models, such as homogeneous flow, thermal equilibrium, and
frictionless flow models, which can be used independently or in combination,
The system mode! 15 solved numerically using a semi-implicit finite difference
technique. The user can also select an option for solving the system model
using a nearly implicit finite difference technique that allows vicolation of

‘ the meterial Courant limit and is suitable for study-.statc calculations and
for slowly varying, quasi-steady transient calculations,




RELAPS/MOD2-BAW has a point kinetics moce) with six delayed neutron groups to
perform reactor physics calculation. It has provisions for fuel temperature,
moderator temperature, ang gensity reactivity feeaback., Other reactivity
feedback such as would result from boron concentration changes or tripped rod
reactivity is provided, input tables for generalized reactivity versus time
also are Brovidod.

The constitutive models fn RELAPS/MOD2-BAN include models for defining flow
regimes and flow-regime-related models for wall friction, interfacial mass
transfer, heat transfer, and drag force. A core structure heat transfer mode!
and a fuel pin heat conduction moce] with a dynamic fuel cladding gap
conductance mode! are included. The core heat transfer package is capable of
calculating hest transfer coefficients for various heat transfer regimes
ranging from single-phase convection nucleate boiling to post-CHF heat transfer
regimes.

There are other special features very usefu! in thermal hydraulic analysis of ‘
PWRs, such as abrupt area change for sirgle-phase and two-phase flows,

centrifugal pump performance mode] with two-phase degradation effects, choked

flow with treatment for horizonta) stratification, nonhomogeneous two-phase

flow, counter-current flow, cross-flow junction, decay heat, fine mesh

rencdalizing scheme for heat conduction, liquid entrainment, motor valve model,

relief valve model, control system, and trip system, :

The review of RELAPS/MOD2-B&W will be addressed separately in a safety
evalyation report on BAW-10164P, "RELAPS/MOD2-BEW." In its review to date,
the staff has concluded that the code contains appropriate phenomenological
mocels suitable for calculating both LOCA and non-LOCA transients.

2.2 Plant System Modeling

In Figures 6.1 and 6.2 of BAN-10169P, BWFC developed two plant noding models
to be used in conjunction with RELAPS/MOD2-BAW for safety analysis. Figure
6.2 is specifically for analysis of a steam line break at low power and is

therefore called the low power mocel, whereas Figure 6,1 is for analyses of




811 other transients at full power and 1s termed the full-power mode). BWFC
developed these two models to provide noding arrangements with sufficient
details to be able to describe important transient phenomens with sufficient
sccuracy of calculation, yet simple enough to minimize computer calculotion
time.

BWFC developed these models by using the reactor system noding arrangements in
available literature. The full-power resctor vesse! mode! (Figure 6.1) is
similar to the LOFT test reactor vesse! mode) described in NUREG/CR-3608 (Ref.
11), and the low-power steam-line-break vesse! mode! (Figure 6.2) 1s similar to
the mode] described in WCAP-7909 (Ref. 12)., The rest of the plant mode) is
consistent with the noding arrangement described in NUREG/CR-3977 (Ref. 13).
The plant geometry and plant parameters are consistent with the 3411 Mwt
four-loop plants with a Westinghouse type-51 steam generator, such as the
Trojan unit. For plants with different arrangement or configuration, the
system noding should be modified to model the actue) plant-specific geonetry,
For example, for a PWR with a different type of steam generator, such as @
preheet D5 steam generator, the steam generator noding should be modified
accordingly. The baffle gap is modeled as an upflow channel in Figures 6.1 and
6.2 and should be changed 1f a plant has a downflow configuration,

Each of the models consists of (1) a single loop and single recircuiating steam
generator (RSG) for the affected loop of such transients as a locked reactor
coolent (RC) pump rotor and a steam line break and (2) & combined triple loop
and triple RSGs for the intact loops. No heat structures are included except
for heat transfer structures of fuel rods and RSG tubes. This is a
conservative approach because it results in faster transient heatup and
cooldown rates. Cold-plant dimensions are used for the mode!, which is
conservative because 1ts smaller minimum water volume also leads to higher
heatup and cooldown rates,

The pressurizer mode) does not have a heater or spray model because, as the
report indicates, they tend to minimize the heatup and cooldown rates during
transients, The pressurizer spray and heater systems are part of pressurizer
pressure contro) system, The staff agrees that no credit should be taken for
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control system operation if that operation mitigates the results of an accident .
or transient, If a control system operation results in more severe accident
results, the control system should be considered in the safety anmalysis. For
certain transients, such as a turbine trip, that result in a primary system
pressurization. overation of pressurizer spray would mitigate pressurizer
pressure.’ Neglect of the spray mode) would be conservative for overpressure
consigeration because it results in higher pressyre, However, it could be
nonconservative for the DNBR consideration because higher pressure would
result in higher CHF and DNBR. Therefore, not modeling the pressurizer spray
fs not acceptable for those transients when it could result in nonconservative
results. The moceling of operation of control systems in the safety anaiysis
should be determined on the basis of specific accidents and safety parameters
under consideration,

For the steam line break mode!, cross-flow paths are providec at the core
inlet and outlet to allow for flow mixing between the faulted loop and the
combined intact loop. Since the reactivity feedback is affected by the
fauited loop coolant density, cross-flow mixing is an important parameter in
getermining the reactivity and return to power. In response to a staff
question (Ref, 14) with regard to flow mixing modeling, BNFC indicated that

it used an 80/20 mixing assumption, that is, the mixing of 80-percent-cold and
20-percent-hot fluid at the core inlet of the faulted loop section, based on
an EPR] report (Ref. 15) that indicates this approach is conservative for a
four-loop Westinghouse plant. In addition, the flow mixing is used in
conjunction with a reactivity weighting scheme for the determination of
reactivity feedback., The reactivity weighting method used a core water
weighting factor to determine feedback of moderator temperature, density, and
boron concentration used in the kinetic analysis., Since the point kinetics
method ‘s used in RELAPS/MOD2-B&W rather than a space-dependent kinetics
model, a conservative result can be obtained with a proper use of a weighting
factor, BWFC provided a sensitivity study to show the effects of mixing and
feedback weighting on the steam line system parameters, especially the neutron
power, The results show that the reactivity weighting is the more significant
of the two mocdeling variables and that the equal weighting of the temperature
reactivity contribution of the faulted and unfaulted core segment is a more




conservative representaiion, Therefore, BWFC has determined that, for reload
safety analysis of 2 steam 1ine break, the 80/20 junction flow area mixing in
the foulted lcop and 50/50 faulted/unfaulted reactivity feedback weighting
scheme will be used.

2.2 Transients Selection

To demonstrate the validity of the RELAPS/MODZ-BAN system code and the plant
system modeling details of Figures 6.1 and 6.2 for plant safety analyses of
non-LOCA transients, BWFC analyzed five bounding and representative transients
and compared the results to those from existing satety analysis reports (SARs)
of severa] representative plants with Westinghouse four-loop design, These "
five transients were chosen on the basis of the study of four major transient
categories 1isted in Regulatory Guide 1.70. The four major categories are an
increase and a decrease in heat removal by the secondary system, decrease in RC
flow, and reactivity ano power distribution anomalies. These categories are
described below,

(1) For the category of "Increase in Heat Removal by the Secondary System," a
steam line break at zero power 1s chosen as the representative case.
This accident causes & reduction of RC temperature and, because of the
negative moderator temperature coefficient, a return to power and possible
fue! failure. A main steam pipe rupture is an Americen Nuclear Society
(ANS) Condition IV limiting fault, and the amount of fuel failure must not
result in a radiologica) release exceeding the guideline values of 10 CFR
100.

(2) For the cetegory of “"Decrease in Heat Removal by the Secondary System," a
turbine trip is chosen as the representative case. A turbine trip, which
may be caused by & loss of external load, is an ANS Condition I1 moderate
frequency event, A safety analysis 15 made to verify that, with proper
protection actions, this anticipated transient would not result in the
specified acceptable fuel design 1imits (SAFDL) being exceeded.

(3) For the category of "Decrease in Reactor Coolant System Flow Rate," a RC
four-pump coastdown and & locked RC pump rotor are chosen, A locked




rotor or shaft sefzure results in 2 sudden reduction of RC flow through
the affected loop, whereas a four-pun v coastdown, which may be caused by
& simyltaneous Joss of electrica) supy 11es to all RC pumps, will result
in complete loss of forced flow (LOFF). Though both events could result
In exceeding the SAFOLs and consequent fuel failure, the acceptance
criteria are different. A locked rotor accident s an ANS Condition |V
Timiting fault; therefore, fue! fatlure 1s a1lowed as Tong as the
radiologica)l consequences do not exceed the criteria of 10 CFk 100. A
four-pump coastdown or complete LOFF s classified as a Condition 1! event
n Section 15.3.3 of the Standard Review Plan (SRP) (Ref. 16). Though
the topica) report classified a complete LOFF as an infrequent ANS
Condition 11i event, BWFC, 14 response to staff question (Ref, 14),
indicated that the acceptance criteria for a Condition IT event, that is,
the SAFDLs such as the 95/95 DNBR limit, will be app!ied.

P

4, For the category of “Reactivity and Power Distribution Anomaly,* a 75.
pcm/sec rod cluster contro! assembly (RCCA) bank uncuntro)led withdrawa!
1s chosen. An RCCA bank withdrawa! causes an increuse in the core heat
flux and the resulting higher RC temperature, which may cause a DNB if the
steam generators lag. This trarstent is an ANS Condition 11 moderate
frecuency event, and the SAFDLs myust not be exceeded,

The selection of these five transients provides a bounding and representative
set of a variety of transient categories t. demonstrate acceptability of the
RELAPS/MOD2-B&W an¢ the plant modeling for analyzing such transient categorips,
However, the reload safety analysis should rot be Timited to the bounding cases
in each transient category because various transients ane accidents have
different acceptance criteria depending on the frequencies of occurrence or the
ANS classifications. In response to a staff gquestion (Ref. 14), BWFC proviged
@ detailed list of transients and a discussion for each transient in the Tist
to show how it wil) be treated in the reload analysis, The staff finds this to
be acceptable ouidance for the selection of transients far the plant specific
safety aralysis application reports. Specific findings on the adequacy of the
transients chosen will be made during the staff's ~eview 0f these reports,




2.4 Comparative Analysis

Analyses were performed for comparison with the results from the representative
plants. The four plants chosen for these comparative analyses are Catawba,
McGuire, Trojan, and the Westinghouse RESAR, Westinghouse performed the safet)
antlyses of these plants using 8 system code LOFTRAN (Ref, 17) to calculate
transient system responses, & subchannel code THINC-1V (Ref, 18) to calculate
core therma] hyorsulic and DNBR, and/or the FACTRAN code (Ref, 19) to calculate
therme] behavior of the hot rod. The BWFC celculations provided in Chapter 7
of the topical report were performed using RELAPS/MOD2-B&W only, Although it
is incicated in the tupical report and in response to staff questions that, for
reloac safety analyses, & detailed therma| hydraulic code such as LYNXT will be
used in conjunction with RELAPS/MODZ-BEW for the hot channe)l DNBR and hot rod
therma] calculations, no detailed core therma] hydraulic calculations were
performed for the comparative analyses. This is because the purpose of these
analyses was to demonstrate that RELAPS/MODZ-BAW, with proper plant system
mode1ing and appropriate major assumptions and inputs, can provide results with
a reasonable agreement with those of an approved code such as LOFTRAN for such
major parameters as neutron power, therma) power, reactor system pressure, anc
temperature and flow. The DNBRs were celculated using a RELAPS/MOD2-BAN
contro) variable algorithm that considered therma) power, fluid flow, fluid
temperature, and system pressure at constant values of power peaking as opposed
to detailed thermal hydravlic analysis done for safety analysis. Though these
DNBRs are not @ valid celculation, they can provide comparisons of trends and
timing with THINC and FACTRAN results.

To be consistent with the analyses performed for the representative plant

SARs, the comparative analyses used the same assumptions and the same initial
and boundary conditions as those in the SARs and the results were directly
compared with the SARs, For instance, the radial and axial power distributions
were determined by the use of an enthalpy rise factor and total peaking factor
from each plant's Technical specifications., Although the fue) conduction model
will have five radia) fuel nodes, one gap and two cladding nodes in the reload
analysis, a single radial fuel node was modeled to be consistent with that
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used in the LOFTRAN code in the SAR. The reactivity coefficientt that were
used for the comparative analyses used the same approach as the SARs by using
the Doppler power coefficient even though the reload application will use
Doppler coefficient as a function of fue) temperature. However, BWFC analyses
were done using the initial input velues of the Doppler and moderator
coefficients rather than subject them to changes as function of moderator
temperature and power as was dore in the SARs,

There also are differences between LOFTRAN and RELAPS/MODZ2-BAN that could

cause differences ‘n the calculated results, For example, in caleulating the
Toop and core coolant flow, RELAPS/MODZ2-BEW considers the effect of fluid
temperature on the RC pump performance and flow varfation for various locations
in the system, whereas LOFTRAN, using a constant flow mode! where the flow
chenges sre input as function of time, does not consider these effects.

Another difference is in the pressurizer modeling where LOFTRAN pressurizer
uses a two-nocde equilibrium model, while the BWFC mode! is an eight-node
nonecuilibrium model, This also could cause differences in pressurizer
pressure response.

The results of analyses and comparison to those from the four selected plant
SARs are given in the topica) report. Comparisons are made for neutron power,
therma| power, pressurizer pressure and water level, core average temperature,
core inlet temperature, core flow, faulted loop flow (for locked rotor and
steam Yine break), and ONBR. In general, these comparisons show reasonably
good agreement. Even though the magnitude of ONBRs calculated by
RELAPS/MODZ2-B&W are not valid in that they are not calculated with a valid
correlation for the hot channel, they do show good agreement in the trend of
its behavior, Therefore, the staff concludes that RELAPE,/MOD2-BAW with proper
reactor system noding details and inputs can be usec as a part of the safety
analysis of transients and accidents. Justifications for plant-specific noding
and inputs will be required as part of the plant-specific safety analysis.
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2.5 Reload 5;211§!t10n

Chapter 7 of the topica) report also provides application analyses to
demonstrate the approach that BWFC internos to use for relozd safety anelyses
for certain transients, The applicetion analyses use the same reactor system
noding details and same assumptions and approaches &s the comparative analyses,
with & few exceptions. The most notable gifferences between the application
énd comparative analyses are that (1) rather than just one radial fuel node,
the application mode) has five racdial fuel nodes and (2) rather than use of
the Doppler power coefficient, the reload application mooe! uses Doppler fuel
temperature coefficient consistent with the time in 'ife of & transient,
Since. the application models were not performed for an actual plant reload,
the staff review concentrated on the validity of the approach and assumptions
mede in performing each transient rether than the quantitative results, The
staff review findings of the application analyses are given below,

(1) As was the case for the comparative analyses, the application analyses
were performed with RELAPE/MOD2-B&W only. No detailed core thermal
hydraulic calculations were made with an approved subchannel code or
approved CHF correlation. Therefore, the conclusion is not valic that
the minimum DNBR is never less than the 1imit value for the rod
withdrawal, complete loss of flow and turbine trip trensients,
respectively.

For reload safety analysis, RELAPS/MODZ-BAN should be used in conjunction
with an approved detailed subchanne) therma)-hydraulic code, such as
LYNXT, and CHF correlation for the DNBR calculation. The noding getails
and inputs should be justified on a plant-specific basis,

(2) 1n response to a staff question (Ref. 14) regarding treatment of a mixed
core of different fuel designs having different hydrodynamic
characteristics during a transitional reload period, BWFC indicated that
the core thermal hydraulic calculetion will be based on & homogeneous
core mode] of BWFC fuel and, if necessary, adjustments will be made on
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CNBF to reflect & mixed core penalty, BWFC indicated this mixed-core
penalty will be determined on a plant-specific basis.,

The analysis of the uncontrolled RCCA withdrawal at power was done with B
moderator coefficient of zero in conjunction with the Doppler reactivity
at end of iife. In response to ¢ staff question regarding the reactivity
feedback assumptions for the RCLA withdrawa! analysis, EWFC stated that

te ersure that both maximum and minimum coefficients are considered,
relcac safety aralysis of the meximum positive insertion rate of 1.
pem/sec rod withdrawal will be per‘ormed assuming the most positive
moderator coefficient and least negative Doppler coefficient. Since the
meximum positive reactivity insertion rote is grester than that for
simuitancous withdrawal of the combination of the two contro! banks and
the maximum combine¢ worth at maximum speed, 1t is assumed to be the
limiting case. However, this pre-supposed “ssumption that the limiting case
s the maximum reactivity fnsertion rate an. certain feedback coefficients
is not appropriate. In fact, & fast reactivity insertion rate may resylt .
‘n an earlier reactor trip by high flux trip and result in higher DNBR
relative to a slower reactivity insertion rate case where the reactor may
be tripped later in time by the over-temperature delta T trip and result
in lower ONER, Therefore, &s stated in Section 15.4.2 of the SRP, the
analysis of uncontrolled RCCA withdrawa) transient should consider various
reactivity insertion rates from very low to maximum possible for the
control system and the fuel and moderator feedback reactivity

coefricients covering the range expected throughout the cycle, including
a1lowance for uncertainties,

For the RC pump locked rotor transient, the analysis conservatively

assumed the fuel rod at the hot spot was in ONB at the beginning of the

transient, with implication that the fue) failure criterion for locked

rotor accident was the peak cladding temperature of 27CG°F, which has not

been accepted by the NRC. In response to a staff question, BWFC indicated

that the 95/95 DNBR 1imit will be used as the fuel failure criterion. .
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Also, no discussion was made vegarding the trestment of cladding
oxidation, though the 2ircaloy~tteam reaction and 1ts exothermic effect
becomes significant for ciedding temperature above 1800°F, In fact,
there is no cladding oxidation mode! in the core thermal hydraulic code
LYNKT, In response to 2 staff question(Ref. 14), BWFC indicated that the
mete l-water reaction effects will not need consideration because 1t is
not expected that the peak cladding temperature (PCT) will exceed 1800°F
because the reload analysis will not assume DNE at che start of the
transient, However, 1f the plant specific safety analysis results in the
PCT exceeding 1800°F, the effect of meta)-water reaction must be included
in the ¢nalysis, and BWFC should propose a method of accommodating this
effect as part of the plant-specific analysis,

(8) No application anelysis mcde) is provided for a steam line break., The
safety analysis for 2 steam line break should follow the guidelines of
SRP Section 15.1.5 with conservative assumptions including:

® loss of offsite power
° worst single active component failure
° maximum worth rod stuck in fully withdrawn position
° burnup 2t most limiting combination of moderator temperature
coefficient (MTC), void coefficient, and Doppler coefficient
° only safety grade equipment will be assumed operative to mitigate the
consequence of break

3.0 SUMMARY

The staff has reviewed Topica) Report BAW-10169 and finds that RELAPS/MOD2-BAW
and the reactor system mode)ings of Figures 6.1 anc 6.2 are acceptable for
calculating the reactor system responses in pertorming safety anzlysis of
non-LOCA transients and accidents. This acceptance is subject to the following
conditions and restrictions:
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for a complete safety analysis, an approved core thermal hydraulic code .
and CHF correlation should be used in conjunction with the RELAPS/MOD2-B&N

code. The noding details and inputs shouid be justified on a plant-

specific basis.

The selection of transients and accidents for reload safety analysis
should be done with guidelines provided in BWFC's response to NRC Question
5 (Ref, 14), For each transient or accident analyzed, the analysis should
either follow the SRP guidelines or comply with the plant-specific
11censing basis.

During @ transitfonal reload perfod having a mixed core configuration
with different fuel designs having different hydraulic characteristics, a
mixed core penalty should be used to account foi the DNBI difference when
& homogeneous core is assumed in the analysis. The mixed core penalty
can be & bounding value or a value calculated on a plant-specific basis.

Neglect of the operation of the contro) systems, such as pressurizer
spray, should be determined on the bases of specific accidents and safety
parameters under consideration, If the operation of a contro) system
results in more severe results of the accident, 1ts operation must not be
neglected,

If the plant-specific safety analys’s for a transient or accident, such
as RC pump shaft sefzure, results in the PCT exceeding 1800°F, the effect
of metal-water reaction must be considered and a method of accommodating
this effect should be included as part of the plant-specific analysis,

An uncontrolled RCCA withdrawa) transient should be analyzed with a
spectrum of reactivity insertion rates and with both maximum and minimum
reactivity feedback to bound the DNER response.

Unti] other criteria are submitted and approved by NRC, the fuel failure
criteria for the RC pump locked rotor accident is the 95/95 DNBR limit, ‘
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A complete loss of flow is an ANS Condition 1] moderate frequency event,
the acceptance criteria should be complied with accordingly.
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1.

QUESTION:

In sections 4 and 7.2, a four-pump coastdown or complete
loss of forced coolant flow is classified as an ANS
Condition III event (Infreguent fault). This classification
is inconsistent with the Standard Review Plan, Section
15.3.1, where a complete loss of forced coolant flow is
classified as a moderate freguency event (Condition II) and
one of the acceptance criteria is to maintain fuel cladding
integrity by assuring the 95/95 DNBR limit being met. Are
your safety analysis goals to comply with the acceptance
criteria of SRP for a loss of flow event, or to comply with
the acceptance criteria for the Condition III events (such
as 10 percent of the 10 CFR 100 limit)?

RESPONSE:

The classification of the four-pump coastdown as an
infrequent fault in Sections 4 and 7.2 of the topical report
is consistent with the classification applied in the safety
analysis reports upon which the comparative analyses were
based. 1In safety analyses for reload fuel, B&W will apply
the acceptance criteria of the SRP for the loss of flow
event by confirming that the 95/9%5 DNBR limit is met.

QUESTION:

In Section 4, a small break LOCA is classified as an ANS
Condition III event. What 1is the rationale for this
classification and what are the acceptance criteria other
than those of 10 CFR 50.467



RESPONSE:

The classification of a small break LOCA as an ANS Condition
III event in Section 4 of BAW-10169 was based on past
industry practice as reflected in the FSAR’s used as
references for the topical report. For the purpose of fuel
reload safety evaluations, the acénptanco criteria applied
to the small LOCA will be those of 10 CFR 50.46. The
methods and analyses applicable to leuss~-of-coolant accidents
are presented in other reports and documents.

QUESTION:

In Section 4.2, Fuel Reload Evaluation Transients, it is
indicated that the five reference transients selected in
BAW~10169 represent a bounding and representative set for
che first four categories of Regulatory Guide 1.70. These
reference transients and accidents may be the bounding cases
for demonstrating the acceptability of the RELAPS code and
modeling for analyzing such transient categories as an
increase or decrease in heat removal by the secondary
system, deciease in reactor coolant flow, and the reactivity
and power distribution anomalies. However, the ‘reload
safety analysis should not be limited to the bounding case
in each category because varicus transients in each category
have different acceptance criter. a depending on frequency of
occurrence (ANS classification). Please provide a list of
transients and accidents intended to be analyzed using
RELAPS for reload safety analysis and the bases for the
selection.




RESPONSE:

Table 1 shows the B&W evaluation of all Regulatory Guide
1.70 transients as presented and discussed in the September
14, 1988 meeting with NRC staff members. This tabulation
shows the transients to be analyzed using RELAPS5 for the
reload safety analysis and indicates the evaluation of all
other Regulatory Guide 1.70 non-LOCA transients applicable
to the Catawba and McGuire Units. This same .list is
generally applicable to all four-loop PWR’s of Westinghouse
design, however, other reload evaluations and scopes of
analyses would need to be established on plant-specific
bases.

QUESTION:

In the recirculating steam generator modeiing discussed on
Pages 6-5 and ¢-6, it is indicated that no RSG water level
model was developed. How are the heat transfer regimes, the
regime boundaries, and heat transfer coefficients
determined?

RESPONSE:

The text on pages 6~5 and €~6 is somewhat misleading. It is
intended to state that the steam generator level
instrumentation and corresponding setpcints were not modeled
since those systems were not applicable to the comparative
analyses. The text was not meant to imply that the physical
modeling of the steam generators did not consider or
represent the shell side inventories and levels.

The recirculating steam generator models depicted in Figure
6.1 of the topical report divide both the primary and



secondary regions into control volumes. For each control‘
volume the flow regime is determined by either the horizonal
or vertical flow regime map built into RELAPS/MOD2. Section
2.1.3 (Constitutive Models) of BAW-10164P, "RELAPS/MOD2~-
B&W", describes the logic and calculations that are
performed for each contrel volunme. The heat transfer
regimes depend on the CHF condition‘ mass flux, and void
fraction within the volumes. The CHF condition is
determined internally by the code as described in Section
2.2.2 of BAW~10164P. The heat transfer regime logic and
calculations are described in detail within that section.

The control volumes are homogeneous within RELAPS5/MOD2 thus
the extensive set of control wvariables built into
RELAP5/MOD2 could be used to calculate water level if
required for control, reactor trip or other purposes.

QUESTION:

In the RSG steamline break (low power) model (Figure 6.2),
crossflow paths (Junctions connecting nodes 315 and 316, 314
and 317, 327 and 352, and 326 and 353) are provided -at the
~core inlet and outlet to allow for flow mixing between the
broen 1loop and the single intact loop. Since the
reactivity feedback irc determined by the single (broken)
loop cwolant density, the crossflow mixing is an important
parameter in determining the reactivity and return to power,

(a) Provide a description and the bases on how the
crossflow mixing and the value of the crossflow
junction areas are determined.

(b) Since your RELAPS model is used to compare with the
FSAR results of various plants, do the crossflow




junction areas wused in the RELAPS model provide
consistent crossflow mixing as these plants which use a
crossflow mixing factor? Explain why.

(¢) Are the same crossflow junction areas to be used in
reload analyses?

RESPONSE:

i ]
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QUESTION:

Tables 5.1.1 and 7.0.1 provide the values of input
parameters and initial conditions for trausient analyses of
RESAR, McGuire, cCatawba, and Trojan plants, and the
corresponding values used by B&W to simulate these analyses
using RELAPS. Explain why values different from the SAR
values of some of the parameters, such as core coolant flow
rate, inlet temperature, core average coolant temperature
and steam pressure, are used in the RELAPS comparison
analyses. Alsc justify why the RELAPS results using
different input parameter values will provide valid
comparison to the SAR results.

RESPONSE:

The use of a single RELAPS plant model with a single set of
input parameters and initial conditions for the comparison
cases was adopted for two reasons: Tiret, examination of
the input parameters and initial conditions tabulated in the
SAR’s for the four reference plants (Trojan, RESAR, Catawba,

and McGuire) showed that, with few exceptions, these values

were the same for all four sets of SAR analvses. (The
exceptions were, in fact, confined to those cited in the
question.) Second, by replotting the SAR results curves for

the four plants, with common starting points~-normalizing to
the same initial conditions--the results became
differentiated mainly by variations in the major analysis
assumptions and not by relatively minor differences in the
initial conditions. This makes sense because close review




of the designs represented in the four FSAR analyses
confirms that they are, indeed, generic. The geometries,
capacities, thermal ratings, and other defining system
parameters are either the same or virtually so. This
observation does allow the system analyst to consider the
four designs as thermai-hydraulically similar, at least from
the system analysis standpoint.

It is specifically this similarity that strengthens the
comparative analyses in BAW=10169P, wherein the primary
purpose is to demonstrate the consistency~-in terms of the
effects of variations in the major analysis assumptions that
define limiting cases--between the results obtained using
RELAPS5/MOD2~B&W and those calculated with already-approved
methodology. By selecting a group of SAR analyses,
representing a generic design, and unifying the results by
normalizing to a single set of initial conditions, the
effects of the key transient-related parameters can be
isolated. The comparative analyses are indeed directly
comparative in methodology and are not complicated or
reiidered indirect through the use of inconsistent initial
conditions.

The plant initial conditions affect the DNBR analysis
because the specific initial value of the DNBR is determined
by the 1initial conditions of power, flow, temperature,
pressure and peaking factor. The relative change in DNBR
during a transient, however, is not sensitive to small
changes in the initial conditions. Changing the DNB
correlation or location of the DNB calculation (thimble
channel or average channel) has a much larger effect during
@ transient than do variations in the initial conditions.
For plant-specific applications, the appropriate initial
conditions will be used.



QUESTION:

With respect to the analysis of a RCCA withdrawal at power
transient, it is indicated in Section 7.1.2 that for the B&W
application model analysis, the Doppler reactivity feedback
consistent with the rod withdrawal time in life was used,
and a moderator coefficient of zerc was used for all
analyses. This approach is inconsistent with the ISAR
methodology where both maximum and minimum reactivity
feedback were analyzed. The analyses of becth maximum and
minimum reactivity coefficients are necessary because
various values of reactivity coefficients will affect the
time and type of reactor trips (such as high flux trip or
overtemperature de.ta T trip), and therefore affect the
results of analysis. Explain how your method of treating
reactivity feedback is sufficient in obtaining the limiting
case result.

RESPONSE:

The moderator and Doppler coefficients used in the
comparison analysis were chosen to agree with the plant
specific SAR values, which assumed a moderator coefficient
of zero in all cases. 1In the applications case, the use of
a zero moderator coefficient in conjunction with a Doppler
coefficient consistent with rod withdrawal at end =f life
was intended to combine the conservative zero moderator
feedback with a more representative Doppler coefficient.
The 2ero moderator coefficient is conservative for EOL
conditions.

To assure that both maximum and minimum reactivity
coefficients are considered, reload safety analyses o¢f the
75 pcm/sec rod withdrawal will be performed assuming the
most positive moderator coefficient and least negative

10




Doppler coefficient, which is consistent with the comparison
analyses,

The reactivity feedback coefficients can affect the point of
transition, in terms ©of rod withdrawal rate, from a high
flux trip to an overtemperature delta T trip. In no case,
however, does this pPresent a DNB problem because the
conditions (combination of rod withdrawal reactivity and
feedkack coefficients) at which the overtemperature trips
OCCur represent Comparatively slow power increases for which
the lag between thermal power and heutron power becomes
vanishingly small as withdrawal rate decreases. In these
Cases the overtemperature trip occurs such that the DNBR
will be greater than the limit because the overtemperature
trip setpoints are reached--by design--well in advance of
DNBR limit values.

QUESTION:

(n) In Figures 7.1.10, 743437,  7.3.9, 7.2.14, 7.2.19,
7.3.11 and 7.3.18, comparisons are made on the RELAPS
calculated DNBRs with those of Trojan, RESAR, Catawba
and McGuire. Since the RELAPS calculations represent
the thermal hydraulic conditions of the core average
channel compared to the hot channel conditions for the
referenced plants, and also differ.nt CHF correlations
may have been used for the RE"APS calculations, how
meaningful are these comparisons?

(b) It is indicated in Section 7.2. regarding the
application analysis results of the complete loss of
flow event using RELAPS, that Figure 7.2-24 shows the
DNBR to be always greater than the limit values and
that no fuel failure is produced. Which plant is this

11



(e)

analysis based on? Which subchannel thermal-hydraulic
code and critical heat transfer correlation are used in
the analysis? What is the DNBR limit of the CHF
correlaticn used?

In B&W’s analysis of steamline break using RELAPS,
which subchannel thermal-hydraulic code and critical
heat transfer correlation will be used? Do the ranges
of applicability of the CHF correlation used in the
analysis cover the range of transient during a
steamline break? For example, the primary system
pressure decrease to less than 1000 psia is outside the
range of the BWCMV correlation.

RESPONSE:

8bl

8c.

The DNBR results from RELAPS presented in BAW-10169
were calculated using an algorithm based upon the BWFC
critical heat flux correlation. The DNBR’s were
included in the comparison plots to provide
completeness, recognizing that actual licensing
analyses would utilize more detailed, approved thermal-
hydrauiics computer codes such as LYNXT, with an
appropriate CHF correlation. It is interesting to note
the results using the algorithm, which did include the
effects of hot channel peaking, show a reascnable
comparison when normalized with the SAR data.

The DNBR values of Figure 7.2.24 were calculated by
RELAPS using an algorithm, as described above. These
results will be presented in any licensing analysis
with DNB ratios calculated using approved methodology.

The core thermal-hydraulic analysis calculations will
be performed with the LYNXT code. Appropriate CHF

12



correlations are currently being investigated and will
be selected on the basis of applicability to the range
of transient conditions during the steamline break.
Justification will be provided in support of plant-
specific applications.

QUESTION:

Page 7.1-6 states that the only differences between the
comparison RELAPS and the B&W application are the fuel
radial noding and Doppler coefficients. Since no subchannel
thermal/hydraulic code was used in conjunction with RELAPS
in the comparison analysis, does that mean the same approach
will be used in future reload applications?

RESPONSE:

In order to obtain agreement between REIAPS results and SAR
(usually LOFTRAN) results it was necessary to use a single
radial fuel node model in RELAPS--since that is the fuel
modeling used in the SAR analyses-- even though a multinode
model is standard practice at B&W and will be used for
actual reload safety analyses. Also, various methods for
treating Doppler feedback were used in the SAR analyses. The
typical B&W practice bases Doppler feedback on fuel
temperature, and this approach was adapted to be eguivalent
to the SAR assumptions. (This in no way intended to imply
the SAR methods are incorrect; rather, these two modeling
conventions are more consistent with previous B&W analyses.)
As stated in response to Question 8, approved methods for
calculation of subchannel thermal~-hydraulics and
determination of DNB performance will be used in reload
licensing applications.



10.

QUESTION:

In Section 7.2.3, it is indicated that for the complete loss
of flow calculation, different methods may have been used
for various SARs in the power Doppler coefficient and
moderator coefficients. However, the RELAPS analyses were
all done with the initial feedback taken as a constant
throughout the transient. What is the validity of these
comparisons in benchmarking RELAPS when different reactivity
feedback is used?

RESPCONSE:

In reviewing the assumptions used for Doppler feedback
modeling in the SAR analyses, it was noted that, in certain
cases--the loss of flow transient cited in the gquestion is
an example--the specifications were incomplete. The SAR’s
do present the bounding Doppler coefficients as functions of
power, and one of these figures is reproduced as Figure
7.0.1 in BAW-10169. When "maximum" Doppler is specified for
the EAR loss of flow cases, it is clear which of the two
curves 1is the operative one, but whether constant or
variable Doppler feedback is assumed is not explicitly
stated.

As it turns out, precise replication of the Doppler feedback
used in the SAR cases is not vital to achieving valid
comparison cases. While the Doppler modeling does reflect
one--among a number--of the core-related parameters that
define the limiting case, it is the trip reactivity
insertion that is the overriding consideration. This was
established in preliminary sensitivity studies in which both
the Doppler feedback and rod insertion rate effects were
examined. It was concluded that the time assumed for 85
pertent rod insertion had a major effect upon the post-trip
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11.

power shape. Doppler feedback was found to have an effect,
albeit a relatively minor ore. The approach taken, then,
was to seiect a conservatively large (absolute value) ,
constant value for Doppler-only power feedback--as will be
used for actual reload safety analyses~--for the comparison
cases, having established that the effect upon the results
would not be sufficient to invalidate direct comparison to
the SAR curves.

QUESTION:

Section 7.4 discusses the reactor coolant pump shaft seizure
accident. It is indicated that no credit is taken for the
pPressure reducing effect of the pressurizer spray or
controlled feedwater flow after plant trip.

(a) Do you take credit for the pressure reducing effect of
pressurizer power operated relief valves and steanm
dump?

(b) No discussion is made regarding the effect of cladding
oxidation. Since the zirconium-steam rcaction becomes
significant for cladding temperature above 1800°F, do
YOou consider the eftect of metal-water reaction in the
pump seizure accident analysis?

RESPONSE:

lla. No credit was taken for the pressure reducing effect of
Pressurizer power operated relief valves. The analysis
shown in Section 7.4 was done with an assumed steanm
dump, however the steam dump was modeled to occur after
reactor trip and had no effect on the peak parameter
results that occur at 4 seconds. Even though the steam

15
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dump does not affect the peak parameter results, the
steam dump will not be used in any reload licensing
analysis wherein the system pressure is increasing.

11b. For the pump seizure (locked rotor) accident analysis,
the LYNXT code will be used to predict the minimum DNBR
and the transient fuel rod temperatures. LYNXT does
not consider the effect of metal-water reaction in
these calculations, but also does not require the
conservative assumption of DNB at the start of the
transient. It is expected that, with the ability of
LYNXT to predict the time and axial location of the
inception of DNB, the peak cladding temperature will be
less than 1800 F and therefore the mctal-water reaction
effects will not need consideration.

QUESTION:

In Section 7.4, it is indicated that the peak cladding
surface temperature of the pump seizure accident is expccted
to be considerably less than 2700°F is an acceptance
criterion for determining fuel failure for the pump seizure
accident? Please note that the staff has only accepted the

95/95 DNBR limit as the fuel failure criterion.
RESPONSE:

The 95/95 DNBR limit will be used as the fuel failure
criterion.

16




i13.

QUESTION:

In Section ..5.3, you indicate that the steamline break
analysis is heavily plant specific in auxiliary feedwater
flow and boron injection assumptions. However, only a
single RELAPS analysis is made to compare with the SAR
results of Trojan, RESAR, Catawba and McGuire.

(a) Please identify which plant your RELAPS analysis is
based on.

(b) Why is it valid to compare your RELAPS results to other
plants which you do not model?

(¢) What is your basis for concluding the RELAP5 model has
shown agreement with SAR steamline brcak results of
several different plants?

RESPONSE:

13a. The generic RELAPS model used in the analysis most
directly corresponds to the design described and
analyzed in the Trojan FSAR. That is to say, the
RELAPS model represents a Westinghouse generic four-
loop PWR design rated at 3411 Mwt with Type 51 steam
generators and conventional ECCS. The pertormaqce
parameters specified for the model were taken from
Trojan SAR data. £

13b. In arriving at the main steam line. break,K comparison
case, the four reference SAR’s were reviewed in detail.
Several points distinguished this set of transient
results from those of the other comparison cases.
First, the scaling used for presentation of the plotted
results in the SAR’s made it most difficult--not
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possible, in fact-~to digitize and replot the SAR
Curves on common axes. On the other hand, the timing
and relative magnitudes of the key events or phenomena
could be ascertained from the complete sets of results:
the plots, tables, and descriptive text. What these
indicate is that, for the four reference safety
analyses, the steam line break results are
differentiated mainly by the boron addition
characteristics. This is exemplified by contrasting
the earlier Trojan SAR plots (Figure 7.5.3 in the
re, ort) to those taken from the July 1985 update for
Trojan (Figure 7.5.4) The later results, for 2000 ppm
boron addition line up well with the Catawba and
McGuire results which are based on the same boron
concentration. The remaining differences are
relatively subtle and are associated main.iy with inputs
derived from plant data at a level of detail beyond
that provided in the SAR'’s.

It was concluded that, from the standpoint of the major
system parameters, the SAR cases at the same boron
injection concentration were indeed generic and that a
single comparison case would provide wvalid
demonstration of the sensitivity of the RELAPS model to
the major inputs. Further, the depth of information
used to model the plant- or analysis-specific inputs is
available in various degrees among the four reference
SAR’s. The decision was to use the same plant model
that had been used for the other comparison studies in
conjunction with the most complete available data base
for inputs, assumptions, and comparable results.

As acknowledged in response to 13a, the RELAPS model
used in these studies is most closely tied in initial

conditions to those of the Trojan FSAR. For the steam
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line break case, however, the differences among the
four SAR analyses for hot Zero power initial conditions
vary from Dbarely distinguishable (RCS initial
statepoints) to marginal (steam generator inventories).
The RCS total volumes and distributions are virtually
the same, differing mainly in the reactor vessel
internals, which do not play a large part in the steam
line break event. 8o, from this standpoint, it is not
unreasonable to use a set of event-specific inputs that
has the best commonality with all four reference SAR's
to arrive at results that are valid for comparison on
the points compared in BAW-10169P. To be sure, the
results are compared more extensively to those drawn
from the Catawba and McGuire FSAR’s. That is simply
because these references provided the most extensive
set of presented results, arnd more information was
available to support inputs applicable to those plant~-
specific cases.

13c. The response to this question has been included in the
response provided for 13b since the two are closely
linked,

QUESTION:

The comparison analyses presented in BAW-10169P demonstrate
qualitatively that RELAPS can predict the trend of the
transients analyzed. Since the acceptability of the B&W
safety analysis methodology using RELAPS is demonstrated by
comparing the results of the B&W calculations to the
referenced SAR results, p1gg1g__nxgxidg__mgxg__ﬂg&nilﬂd
gomparisons to show that your calculations are either in
agreement with or more conservative than those calculated

19



with approved codes. To establish the validity of the
comparisons the following should be considered:

a)

®)

(¢)

Comparison should be made between the RELAPS output and
the SAR results which reflect the outputs of the
approved system code LOFTRAN, and the subchannel
thermal hydraulic code such a. LYNXT to the output of
the subchannel code THINC for the hot channel
conditions. For the DNBR result comparisons to be
meaningful, the same CHF correlations as used in the
SARs should be used.

Detailed comparison should be made to the important
parameters including the reactor coolant flow rate,
power level, pressure and core inlet temperature as a
function of time, the local enthalpy, mass flux,
temperature, coolant density, void fraction, heat flux
and DNBR distributions along the axial channel for each
time step.

For the comparisen to be meaningful, the calculations
should use initial conditions and other parameters such
as reactivity feedback cecfficients as those used in
the referenced plants.

RESPONSE:

l4a.

With the exception of the DNBR results--these are
discussed in response to Question 8~-the remainder of
the comparisons presented in BAW-1016%P are direct
comparisons of system analysis results calculated by
RELAPS/MOD2-B&W to system analysis (primarily LOFTRAN)
results calculated by Westinghouse. Thus, there is
consistency in the overall set of comparison studies.
The overriding purpose in these analyses was to
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14b,

l‘c.

demonstrate that, for the fame LI _equivalent major

assumptions and inputs, the B&w application of RELAPS
to SRP transients in WOItihthUl.-diliqn.d reactors
would produce System results consistent with those
Produced by reviewed and approved methods,

In each of the comparison cases Presented in BAW-
10169P, the results shown comprised the full set of
plotted System parameters @8 presented in the
respective SAR’s. Obviously, the actual SAR analyses
Produced a wider scope of output variables than was
actually Presented, but it ig not unreasonable to
conclude that the cnes set forth in the SAR plots
constitute a sufficient number of system Parameters to
define the resulis, The RELAPS results for the
comparison cases do include such System parameters as
reactor coolant flow rate, core power level (both
heutron power and thermal power), and core inlet
tcmperatura--among others~-for those cases in which
these parameters make up the definitive set of system
results.

As stated earlier, the differences in initial
conditions do not affect the trend of the transient ang
the exact values in terms of system parameters (power
fraction, flow fraction, pressure change ang
temperature change) have been adjusted for by
normalization. Exact initial conditions for each plant
would produce different numerical initial values of
DNBR but the change in DNBR during the transient will
be controlled by the DNBR correlation and transient
svstem parameter which have been shown to agree with
Previous SAR results,
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15.

QUESTION:

During the transition period when the BiW reload fuel and
the existing Westinghouse fuel will coexist in a mixed core
configuration, how do you intend to model the mixed core and
different fuel designs? 1If a homogeneous core of single
fuel design will be modeled, how do you intend to correct
for the effect of other fuel design having different
hydraulic characteristics? If you intend to apply a mixed
core pena.ty factor, how do you obtain the factor and how
would you apply it?

RESPONSE:

During the transition from an existing fuel design to a BWFC
fuel design the core thermal-hydraulic evaluations will be
based on a homogeneous core model of the BWFC fuel, with
adjustments to reflect a mixed core penalty if necessary.
The mixed core penalty will be determined on a plant-
specific basis by modelling a limiting mixed core
combination and comparing the DNBR predictions for that
model to those for the homogeneous model. The process to be
followed will be:

1. A homogeneous core model will be established for
the BWFC reload fuel design. This will be a single-
pass LYNXT model, developed in the manner described in
BAW-10156~A. This model will be used for DNBR safety
evaluation and design calculations, inciuding the
establishment of core safety limits. analysis of DNB~-
limited transients, etc. The criterion used in
conjunction with this model will be that the minimum
DNBR will be no less than the Thermal Design Limit
(TDL) as described in BAW-10170P. The TDL provides
some margin to the 95/95 safety limit, called the
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Statistical Design Limit (SDL) also defined in BAW-
10170P. This margin is intended to be used to offset
the effects of penalties such as that due to the
transition, or mixed core.

2. A mixed core model will be developed in which the
potential hydraulic mismatch will be conservatively
represented. This model will use the LYNX1 and LYNX2
codes and will represent a limiting core configuration
for the transition cycles. The specifics of the model
will depend on the two fuel designs being represented,
but in general will be selected to permit the
determination of a mixed core penalty such that 'a
homogeneous core model, with the use of a penalty
factor, can be used to conservatively predict minimum
DNBR for the transition cores. The magnitude of the
penalty factor will be established for a specific
combination of fuel assemblies by performing several
DNBR calculations at limiting statepoints and comparing
the results with the homogeneous core model.
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Table 1

Safety Applications Topical Report
Qverview ®resentation

Event Do.criptions

Brief summary of transient and consequerices
as presented in FSAR. Evaluation of
consequences and listing of significant core-
related parameters.

Applications TR Treatment

Outline of evaluation/analysis and method to
be presented in safety applications TR.
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vent ripti ‘s/Core Parameters

15.1.1  Decrease in  Feedwater Reduction in FW temperature causes incresse
Temperature in 77ss power by reducing RCS temperatire .
GOC 10 Fuel Design Limits
6DC 15 RCS Pressure Boundary
GOT 28 Reactivity Controi

15.1.2 Increase in fecdwater Flow Incresss in FW flow causses rise in core
power by decrersing RCS temperature. GOC
10, 15, 26.

Doppler power coefficiem Hin
Doppler tempersture coeff. Max

Moderstor dermity coeff. Min
Moderator density coeff. Max
15.1.3  Sten Load Increase Incresse in steam flow (10 percent step)

causes rise in core power by overcool ing
RCS. 6DC 10, 15, 26.

Same core-related parameters as 15.1.2.

15.1.4 Spurious Opening of S6 Ffailure of single steam dmp valve
Reliet or Safety Valve overcools RCS, ceusing increase in core
power for negative MIC. Event is at hot
shutdown conditions for minimal stored
energy in RCS. GDC 10, 15, 26.

Shutdown margin "in
®oderator feedback Max
Power feedback Nin
Peaking factor Max

-
15.1.5 Steam Piping Failure- Steam t(ine failure produces  limiting
L) overcooling cf RCS resulting in positive
eactvity insertion, Event is st hot
shutdown conditions for minimal stored
energy. i
Same core-related parameters as 15.1.4.

tem

FS28 Consequences/Comments

Bounded by 10 percent step losd incresse
(15.1.3

FONER > 2.0 and not limiting. RCS
pressure bounded by turbine trip event
(15.2.33  Core powrr timited by reactor
trip following turbine trig on high SG
ievei

MONBR > 2.0 and mot  limiting. RCS
pressure decreases during esvent . Core
power to equilibrium without BPS trips.

Not DMER event. Pressure decreases in
RCS. Demonstrates GDC 25

Analyzed to show no DNB per SOC 10, RCS
pressure remaios at or below nominal .
Demonstrates GDC 27, 28 for limits to
fuel damage and contirued core cool ing.
Demonstrates G0C 35 for emergency cool ing
and reactivity comtrol .



increases in Heat Removal by the Secondary Svstem

Recrease ir Feedwater BOUND: Less severe than 15.1.3.
increase in Feedwater BOUND: MSLB in 15.1 series,

Flow other(s) for DNBR: SG level
trip, no OT trip.

increase in Steam BOUND: MSLB in 15.1 series,

Elow other(s) for DNBR; no OT trip.

SG _Valve Opening Not affected by relocad: CHECK .

core/cycle parameters.

Steam Line Break BOUND by MSLB to Condition II

{Small) GDC’s.

Main Steam Line Break CHECK Condition II for no DNB -
ANALYZE.

RELAPS transient analysis for
offsite power available and
offsite power unavailable
conditions. PDQ/FLAM3/NOODLE
calculations for power, peaking,
and reactivity. LYNXT thermal
hydraulic analyses for DNBR
under both conditions.




vent Descripti 5 Parameters F5as Me_q!mo
15.2.2  toss of External i ond Loss of sream foad causes closure o BSotrvded by more rapid reduction in Steam

- Causing RCS henti Steam Aoy Capacity with Bt gmed
defective fuel  ang primary 1o Secondary
feak rate

15.2.3 Turtine Trip Rapid closure of turbine Stop valves on Reactor TP on kigh Prescurizer Pressure

Doppl er power coefficiom "

Moderat or density conff in
Mode-at or densivy coeff "ay

15.2.4 wmspy Closure Causes turbine trip. Twrbine trip.

15.2.5 toss of Condencer Vacingm Cavses turbine trip with loss of steam B Bowrded by  the arrlysis Condi t ione
to condenser _ sdirescod for the turbine trip.

B.26 tess of AC Power Loss of non mergency AC power Couses loss #rs flow coastdown  from nitiation s

M-infmervﬂblmdiomu mhm'otu tmdﬂwm.

frip reactivity M
Delayed Neutron fraction Moy
fuel stored energy "ay
Decay heat ay
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15.2.7

1528

Loss of Mormai Feoduater

Feodunter

System

Prpe

Primary snd secondary pressures control les
to safety vatve setpoints. Ay initinted
o0 Irip signatl with 1 mIN. Startup time

Same core related parameters as loss of AC
Power svent

Loss of My 1o L1k} 9enerators, fol lousd by
reverse blowdown of effected sg. Reactor
trip on fow sg fevel, an Steam i1solation
on low steam 1ine Pressure.  Eacess heat
removal POsSt trip  wntii nsiv's ciose .
Neatup following MSIV closure turned arousd
by auxtliary W removal of core heat.

GC 27: syt design limite

GOC 2B:  Contirmed core cool ing

GC 31: s britele fracture

GOC 35: gmcs systems for core ool ing

Noder ator density coeff .
ma--ﬂy Power coeff
Delayed neutron fraction
Decay

fiee

RS condr:iions remaIn within static
OVET LMD 33 s frmits, ong transient is
not  Deae timirirg, A aralyred,
paraliels tegs of AL power event

RCS et
Fromary issue IS contimued
hert  removal vis safety njection and
relief flous combined with ——rgency
foeduater




E

2
)

:

29

Recreases in Heat Removal by the Secondary Svstem

Bounded by turbine trip: CHECK

core/cycle parameters.
Describe system response
unaffected by reload; CHECK
core/cycle/safety parameters.
Chuses turbine trip.

Causes turvine trip.

Not affected by reload; CHIECK

core/cyrle parameters.

Not effected dy reload; CHECK
core/cycle parameters.

CHECK core/cycle paraneters.



reases in tor Loolant System Flow
L—% Description ‘s/Core Parameters !&%

15.3.1  Partial toss of RCS Flow Coastdown of one RCP causes reductionr. wn Pertise loss of flew is Sounded by totel
core flow st power. Reactor trip or iow loss of fing (15.3.2) %o tatrer malyred
flow in one 1oop precedes minimm DNBE by to Condition ' Gotre.

34 sec.

GBC %0, 15, 26 .

Doppler power coeff. Rax
Moder ator density coeff . Min
Imitial fuet temperature “ax
Irip reactivity insertion "in
Delayad neutron fraction Mar
; 15.3.2  totel toss of RCS Flow Coastdown of ait RCP's &t  power tauses Limiting Duee for tess of flow

reduced core DNBE Transient terminated by trensients.
lom mnneluwﬁngmy trip.
GOC 10, 15, 28

Same core related .mrntefs 8 partiai
toss of fiow evers (5.3

15.3.3  RCP Locked Rotor RCP shaft seizure reduces Tlow in a'fected Demonstrates oo clad  meliting and
toop and through core ot power.  Reactor  overpressure within  faulted condition
1rp 15 on reduced flow. Analyzed for T5am i mivs,

assuming ONB at start of transient and no

pressurizer or Steam dew pressure

control

C 27, 28, 3y

Doppler power coeff .
Moderator density coeff .
Inmitintl fuel teaperature
Trwp reactivity 1nses tron
Delayed neutron fraction

1182

15.3.4  RCP Shate Faiture Same transient as locked fotor event escept
free SPINNIng rotor permits greater reverse .

' flow in affected loop .




P

Recreases In Reactor Coolant Svstem Flow

Eaxsinl loss of Flow

Conp. et los . Rf Flaw

Locked Rosor

ECF Shaft Break

31

fnow core thermal response
within GDC 10, 15; ANMLYZE.

Contirm DNBR for Condition 11I
GDC's - ANALYZE.

Define criteria for Mk-BK angd
check ~ AKALYZE.

Refer to Locked Rotor.
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5.4

15.6.2

RCCA Withdrawal from
Subcritical or Low Power
Cordition

RCCA Withdrawal at Power

Reactivity and Power Dist: ibution Transiemts

Rod withdraws! ceuses positive reactivity
insertion and locel power ascursson. FSAP
salysis considers insertion rate G.Z. two
sequential banks ot max comhined worth.
coefficient timits

feedbackpr (o0 to

Negative  Dogpler

excursion thr ousgh

termination by high flux trip.

GoC 10

GOC 20 ®PS mutomatic function

GOC 25 RPS protection of fuel desion for
single failure in resctivity

control

Doppler tesperature coeff. LAtH
Boderator temperature coeff Maes
Delayed neutron fraction LET]
Prompt neutron Lifetime ax
Reactivity insertion rate Nax

Rod withdrawal 8t power causes power and
heat  flux  increase from the reminel

statepoint .
Gbc 10, 29 25

Core thermal limits

Doppler power coefficient LR ST
Doppler temperature coeff LIS Pe
Moderator density coeff. " M
Delayed neutron fraction Hax
initial fuel temperature LA
Reactivity insertion rate Max
Trip insertion reactivity LIE

£:2% Corsequences/Comments

Dogpicr ang reactor trip limit core power
1t well within stesdy stete DNER

Need 2o confirm locel power srd pesking

for fuel and clad limits.

Both high & low insertion rates are
coneidered.  Rapid rod withdrawsl! trips
o high flue, with relstively higher
post-trip owershoot. Thermal lag mekes
these statepoints less limiting. At low
withdrawai rates, the trip statepoints
“ride”™ the cvertemperature limits. These
prodhuce the lowest oNeR‘s best
statepornts  are slways within stetic
thermal (imits.  Transient pesking must
be deicrmined at the bounding levels of
the core reiated parameters.
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15.4.3  control Rod Misoperstion

. Dropped RCCA (one or Dropped RCCA  causes negative reactivity Yramsient can be boussed by considering

more, same group) insertion. for ne negative flux rete irip, conteol Bt At rrntint wor th
power limited by high flux trip or by egrivsient to Saxrmm dropped RCCA worth
2. Dropped RICA Bank reactivity feedback within trip Limivs, Noainml  conticvn  is fisiting system
GoC 10, 20, 25. state point tor NN evaluation.

L radie, pewk 1y is -5t

Radisl peaking Max SigniTicant ronsed ent iai par ameter
Dropped RCCA worth Max
Doppler powsr coeff. LR
Moderator density coeff. "in
Control bark diff. worth LT

3. misaligned Rrra Static misaligrment produces No  Systew Wnst cewive Zowitian is for one BCCA
transient Steady state pwer  Suily insertet or  for bank ©  fully
distributions could produce peaking that Insorted with ane BLCA fully withdrawn.
chalienges design |imits. Anciyzed at  fuli: ;ouer to confirm
Same GDC's TRIrtion {imite and SNaE

Same core related parsmwters

L. Single RCCA Withdrawal Continuous withdrawal of single RCCA in Snalyzed for woirst hare D rod withdrawn
marnual control mode increases Core power with hank 0 at incert.on Limie, Fuet
and coolant temperature. Increase in hot power census uced to determine mmber of
charnnel factor could challiege DNBR |imits. fade in DEB al the ovartemperature trip
Similar to bank withdrawal , et focatl poine
peaking more severe
Same GDC's

Same core related parameters with alition
of fuel power census.



w
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15.4.4

15.4.6

15.4.7

Inective Rzp Startup

Soron Ditution

Tmproper Fuel toading

Improper stertup of sep ot power adkis
colder cootant 1o core. causing positive
resctivity insertion an pPower w1 case
fransient terminates with flun/flog trip =t

P B setpoint.

6C 10, 15, 2

Doppler power coefficient nin
Noder ator density coeff . ar
Shutdown margin LT

Ditution of boron durirg  refueling,
Startup, and at power can cause prsitive
reactivity insertion and Power transions
Same GDC's.

Inttial boron concentrat ron LN
Boron concentrati o for re ax
turn to critical ity

Errors in core loading or fuel enrichment
€an  cause core peaking  bey ol values
colc slated for correct toading

Tech Specs ¢n not siiow operstion st 81
toope . Reactivity [nsertion below that
considered fur rod withdraua! with legs
limiting cystew statepoints Sirwe
Ivertempesature  limits  not resched
thermel (igits 97 not chailenged

Tiee-to cricizal concentration calcul ated
to show sufficient time for operstor
action during refueling and startup
events. #eaclivity for event at power is
bourded by ot . thar aual events.
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15.4.8  RCCA Fjection

Rapid ejection of RCCA

reactivity insertion with adverse pocer
distribution, Wigh local power rcecdd
produce fuel damage. Event terminated b

causes

fase

either high flux or high flux rate trips.

GOC 28, RG 1.77.

Ejected rod worth

Initial local fuel temp.
Woderator temperature coeff .
Doppler power coeff .

ot channel factor

Delayed neutron fraction
Shutdown margin

Hax
Mintabs)
"ind abs )

FERR bowds with 391 and EGL cases ot
both goro arsd Sent poder Full power
anelyces o onher e highest pellet
Temper atur e fern powsr results show
fighes® peskir~ and clad tomperatures
Pelting confie~d 1o full power rod
virrtion, leacss than 10 percent of the
pe ter fewer thay 19 percent of fuel
rods in DN




BGSA.HL&hﬂ:llll_xzﬂm Show core Overpower and DNBR

lnhgzi;&ggl_g;_hgy Protection for gpe 10, 1s;
ANALYZE
Determine bounding core neutrorn
Power from capp Parametrics,
consistent with bounding rsar
coefficients, Calculate pPeaking
using FLAM3 /NOODLE w noe

feedback Oother than minimum

Doppler. LYNXT DNBR analysis
with I.¢, to be selected.

A8.4.2 n::‘_n;;hnzgxg;_‘; Demonstrate Core protection for
Biver S pem/s transient; evaluate
core parameters: ANALYZE,
RELAPS transient dnalysis for v¢

Fem/s. LYNXT thormnl-hydrlulic
arnalysis from SCD 1.C.s.

AR b3 RPQQ.HIAQEI:A&A&& EVALUATE core/cycle Parameters
Versus FSAR. .
s Qggap.gnxgga CHECK maximum werth, Peaking,

Power for MDNBR at nominal ’T
Statepoint,

Static &nalysis with FLAM3 /PDQ
for rod worths, Peaking, ocp
tilt, ang Power deficit at
nominal p,7T. Reactivxty balance
calculated to fix peak Power,

2. % Same (No tilt),
3. Hillliﬂnad_ﬂﬂﬁb Same.
FLAM3 Cycle=by-cycle Calculation

of static Peaking at maximum
misa}iqnmont.

4. Einglg_agga CHECK DNB from P,T points at
Hi;ndxgunl OTDT limit.
PDQ/NOODLE/FLAM3 calculation of
Peaking. Fuel roed census for

number of pins below DNB limit,

36



PPN

Ahad.p

fuel loading

ECCR Fisciiin,

CHECK core parameters.

CALCULATE and CHECK times to
critical and insertion rate at
power.

Not affected by reload.

CHECY. maxiwum wort! and pesking
ve FOAR: compara fuel na:aneters
and core loadings.
PDQ/NOODLE/FLAM3 calculations
for maximum worth and peaking.
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15.5.1

15.5.2

Inadvertent ECCS Operation
at Power

System Mal funct ion Causing
RCS Inventory Increase

imreases in Reactor Cuolent Inveniory

ECCS  operation causes boron injection, Delta T limits never v oached ss DUSR
resuiting in load/power mismatch. Pressure increases throughow?® transient .

and temperature of RCS decrease to tow

pressure tiip setpoint .

GOC 10, 15, 26.

Moderator density coeff . “in
Dopoler power coeff. LETS
Boron dilution event . Covered by bovon dilution evont




MWW

PE-TN-7% ECCS Actuation at CHECK core/cycle parameters: not
Eower DNB limiting,

Ad.5.2 BCS lnventory Refer to Boron Dilution event.
ADCrease

o




15.6.1 Inadvertent Opening of »

Pressurizer Relief
Safety Valve

&H
o
15.6.2 Steam Generator
Fatlure

or

Tube

r n tor Cool ]

RCS pressure decreases at approximately

constant temperature, leading to reduced
DNBR . Trip on low pressure or
overtemperature delta T fizes point of
mintmm DNBSR

GOC 10, 15, 26.

Moderator density coeff . "in

Doppler power coeff. Max(abs)
Postulated rupture of single SG tube causes

loss of RCS inventory, ieading to
reactor/turbine trips on low pressure or
oror. Low pressure signal starts S1 to
maintain primary inventory. Steam flow
from safety valves terminated for affected
generator by operator action within 30
minutes .

GOC 55 Line isolation requirements

10 CFR 100 radiclogical crnsequences

£SAR Consequences/Comments

Core related parameters have little
effect wwon Limiting results. Tey outout
of analysis is minimm DREE at the trio
point

Conseguences bourded assuming 1 percent
defective fuel and SG leakage prier to
event. Not retoad related.




15.6.4
A5.6.4

wmmnmm

EZR Yalve Opening

¢4 Tube Failure

Lazge LOCA

CALCULATE and CHECK DNBR at
setpoint for nominal flow and
temperature.

Static LYNXT DNBR at low
LTessure trip setpoint for
nominal power, flow,
temperature.

Not reload related.

EVALUATE
ANALYZE



NEUTRON POWEN FRAC TION

CORE AVERAGE TEMPERATURE F

FIGURE 1. STEAM LINE BREAX - NEUTRON POWER FRACTION .
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TRPLE LOOP AY MLET TEMPERATIE £

SNGLE LOOP RV MLET TEMPERATURE. ¢

FIGURE 3. STEAM LINE BREAK - TRPLE LOOP RV MLET TEMPERATURE .
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NEUTRON POWER FRAC TION

FIGURE §. STEAM LINE BREAX - REACTVITY .
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FIGURE 7. STEAM LINE BREAK - CORE AVERAGE TEMPERATURE

-

620 4

-

o

560 +

-

549
620 |

-

&0 4

4

80 4

.
)

—

L

—

L2 1)
0

TWVE SEC

W0

120

FIGURE 8 STEAM LINE BREAK - SINGLE LOOP RV INLET TEMPERATURE
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FIGURE 8 STEAM LINE BREAK - TRIPLE LOOP RV INLET TEMPERA TURE
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Babcock & Wilcox
Nuclear Power Group
Lynchburg, Virginia

Topica’ Report BAW-10169+A
October 1989

= RSG Plant Safety Analysis -
B&W Safety Analysis Methodology for

C. D. Russell

i ~Bocireplating Steam Generator
le Lowl 0 - - <

ABSTRACT

The overall objective of this report is to demons*rate BiW's
approach to the complete safety analysis for any recirculating
steam generator plant, This topical report provides transient
analysis comparisons to Safety Analysis Report results for
several Westinghouse four loop plants operating at a power level
of 3411 Mwt, These comparisons show the RELAP5/MOD2 computer
code with appropriate noding and plant parameters is a valid
application model for recirculating steam generator plants.
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700.2.

7.0.3'

7.0“.

7.1.5.

7.1.1C.

7.1.11.

SAR Figures (15.0-2 Trojan, 15.1-2 RESAR,
15.0.5-1 Catawba, and 15.0.5-1 McGuire 1984
Update) Normalized RCCA Position versus
Normalized Drop Time i at N e e

SAR Figures (15.0-3 Trojan, 15.1-3 RESAR,
15.0.5-2 Catawba, and 15.0.5-2 McGuire 1984
Update) Normalized RCCA Reactivity

Worth versus Rod Position . . . . . + .+ .« .

SAR Figures (15.0~-4 Trojan, 15.1-4 RESAR,
15.0,.5-3 Catawba, 15.0.5-3 McGuire 1984
Update) Normalized RCCA Bank Reactivity
Worth versus Normalized Rod Drop Time . .

Tripped Rod Worth Reactivity versus Time .

75 pcm/sec Rod Withdrawal Neutron Power
Fraction-Catawba-McGuire-RESAR-Trojan . . .

75 pem/sec Rod Withdrawal Thermal Power
Fraction=Catawba~-McGuire . . « « « « « « «

75 pcm/sec Rod Withdrawal Pressurizer
Pressure-Catawba-McGuire~RESAR-Trojan .

75 pcm/sec Rod Withdrawal Pressurizer Water
Velume~Catawba-McGuire . . « « +« « « + «

75 pcm/sec Red Withdrawal Core Average
Temperature-Catawba-McGuire~RESAR-Trojan . .

75 pem/sec Rod Withdrawal DNBR-Catawba-
MCGUIZTO-RESBAR=TZTOIBN + « « « o + & s & o =

75 pcm/sec Rod Withdrawal Neutron Power
Fraction-RESAR-Trojan-B&W Comparisons

75 pem/sec Rod Withdrawal Pressurizer
Pressure~RESAR-Trojan-B&W Comparisons

75 pcm/sec Rod Withdrawal Core Average
Temperature-RESAR-Trojan-B&W Comparisons .

75 pcm/sec Rod Withdrawal DNBR-RESAR=-
Trojan-B&W Comparisons . . "

75 pcm/sec Rod Withdrawal Core Flow Fraction-
RELAPS . Ko i 4 »

V=19



Figure
7.1.12.

7.1.13.

7.1.14,

7.1.18%8.

7.1.16.

7.1.17,

7«1I13.

7.1.21.

7.1.22.

7.1.23.

7.1.24,

7.1.25.

Eigures (Continued)

75 pcm/sec Rod Withdrawal Neutron Power
Fraction-Catawba-McGuire~B&éW Comparisons . . .

75 pem/sec Rod Withdrawal Thermal Power
Fraction-Catawba-McGuire-BéW Comparisons . .

75 pem/sec Rod Withdrawal Pressurizer
Pressure~Catawba-Mcguire~-B§W Comparisons . . .

75 pcm/sec Rod Withdrawal Pressurizer Water
Volume-Catawba-McGuire~B&W Comparisons . . . .

75 pcm/sec Rod Withdrawal Core Average Temper=-
ature-Catawba-McGuire~BiW Comparisons . . . .

75 pcm/sec Rod Withdrawal DNBR-Catawba~-
McGuire~B&W Comparisons . . . . « « « « « +

75 pcm/sec Rod Withdrawal Core Flow Fractione-
Rtups . . . . . . . . . . . . . . . . . . . .

75 pom/sec Rod Withdrawal Neutron Power
Fraction-B&W Application . . . . . . .

75 pcm/sec Rod Withdrawal Thermal Power
Fraction-B&W Applicaticn . . TR W

75 pcm/sec Rod Withdrawal Pressurizer
Pressure-P&W Application . R Y

75 pcm/sec Rod Withdrawal Pressurizer wWater
Volume~B&W App.ication . . . . . « a e

75 pcm/sec Rod Withdrawal Core Average
Temperature-B&W Application . 8

75 pcm/sec Rod Withdrawal DNBR-B&W
Application . : .

75 pcm/sec Rod Withdrawal Core Flow Fraction-
B&W Application

Four Pump Coastdown Neutron Power
Fraction~Catawba~-McGuire-RESAR~Trojan

Four Pump Coastdown Thermal Power
Fraction~Catawba-McGuire-RESAR-Trojan

Four Pump Coastdown Core Flow
Fraction-Catawba~McGuire~RESAR~Trojan

vi

Page

-

7

-

7

-

-

~J

-3

~3

~J

«1=13

1=14

1=14

«1=15

«1=18

«1=16




Figure

7.2.4.

7.2.5.

7.2.6.

~J
~

.11.

7020120

7.2.13.

7.2.18.,

Eigures (Continued)

Four Pump Coastdown Pressurizer
Pressure-Catawba-McGuire . . . . .

Four Pump Coastdown DNBR-Catawba-
McGuire~RESAR-Trojan . . « « « + .

Four Pump Coastdown Neutron Power

Fraction-RESAR~Trojan-BéW Comparisons

Four Pump Coastdown Thermal Power

Fraction-RESAR-Trojan~BéW Comvarisons

Four Pump Coastdown Core Flow

Fraction~RESAR-Trecjan-BéW Comparisons

Four Pump Coastdown DNBR-RESAR~
Trojan-B&W Comparisons o 0 e

Four Pump Coastdown Neutron Power
Fraction-Catawba-BiW Comparisons .

Four Pump Coastdown Thermal Power
Fraction~Catawba-B&W Comparisons .

Four Pump Coastdown Core Flow
Fraction~-Catawba-B&W Comparisons

Four Pump Coastdown Pressurizer
Pressure~Catawba-B&W Comparisons .

Four Pump Coastdown DNBR-Catawba-
B&W Comparisons . . .« « « « o« +

Four Pump Coastdown Neutron Power
Fraction-McGuire-B&W Comparisons

Four Pump Coastdown Thermal Power
Fraction-McGuire-B&W Comparisons

Four Pump Coastdown Core Flow
Fraction-McGuire~B&W Comparisons

Four Pump Zuastdown Pressurizer
Pressure-McGuire~B&W Comparisons

Four Pump Coastdown DNBR-McGuire-
B&W Comparisons o La i

Four Pump Coastdown Neutron Power
Fraction-B&W Application .

vii

Page

7.2=10

7.2=11

7.2=11

7.2=12

7.2=12

7.2=13

7.2=14

7.2=14

7.2=15

7.2=15

7.2=16

7.2=16



Figures (Continued)
Figure ‘ Page

7.3.33. Four Pump Coastdown Thermal Power
Fraction=-B&W Application . . . . « « + « « + . 7.2=19%

7.2.22. Four Pump Coastdown Core Flow
Fraction=-B&W Application . . + + « « « « + « & 7.2=19

7.2.23. Four Pump Coastdown Pressurizer
Pressure~-BéW Application . . . . . . . « « . . 7.2-20

7.2.24. Four Pump Coastdown DNBR-B&W

APPliCItiOh T 2F TR TR LT R TR TR NN AT SRR AR S VR O 702'2 )
7.3.13, Turbine Trip Neutreon Power
Fraction-Catawba~-McGuire~-RESAR~Trojan . . . . 7.3=10
7.3.2. Turbine Trip Pressurizer
Pressure-Catawba-McGuire-RESAR-Trojan . . . . 7.3=10
7.3.3. Turbine Trip Core Average Temperature=-
Catawba~-McGuire=RFSAR=Trojan . . . « . « « + . 7.3=11
7.3.4. Turbine Trip Pressurizer Water
Volume-Catawba-McGuire~-RESAR-Trojan . . . . .
7.3.% Turbine Trip Core Inlet Temperature-
Catawba=MCOUIre=RESAR . . . + + « ¢ ¢ + o o+ o P
7.3.8., Turbine Trip DNBR-Catawba-McGuire-
RESAR-Troj.n . . . . . . . . . . . - . . . . 7 . 3-12
T:3:%, Turbine Trip Neutron Power Fraction-
Trojan-Trojan(new)~-B&W Comparisons . . . . . . . 7.3=13
7.3.8. Turbine Trip Pressurizer Pressure-~
Trojan-Trojan(new)-BéW Comparisons . . . . . . 7.3=13
7:3.:9, Turbine Trip Core Average Temperature-
Trojan-Trojan(new)~B&W Comparisons . . . . . . 7.3=14
7:3.10. Turbine Trip Pressurizer Water Volume
Trojan-Trojan(new)~B&W Comparisons . . . . . . 7.3=14
7:.3.113. Turbine Trip DNBR-Trojan-Trojan(new)=-
BEN CORPAPLBONS . &+ + + « o o 4 o & 4 4 o & « 7.3=15
7:3.123. Turbine Trip Neutron Power
Fraction~Catawba-McGuire~B&W Comparisons . . . 7.3=15
7.3.13. Turbine Trip Pressurizer

3

Pressure-Catawba-McGuire~B&éW Comparisons

viii



Eigures (Contirued)

Figure Page
7.3.14. Turbirie Trip Pressurizer

Pressure-Catawba-B&W Comparisons . . . . . . . 7.3-16
7.3.18. Turbine Trip Core Average Temperature-

Catawba-McGuire~B&W Comparisons . . . . . . . 7.3=17
7.3.16. Turbine Trip Pressurizer Water

Velume-Catawba-McGuire-B&W Comparisons . . . . 7.3-17
7:.3.17%., Turbine Trip Core Inlet Temperature-

Catawba~McGuire-B&W Comparisons . . . . . . . 7.3=-18
7.3.18. Turbine Trip DNBR-Catawba-McGuire-

BENW CORPATZIOGOND o s s o4 & 6 5 6 » s 5 o s 4 7.3-18
7.3.1v. Turbine Trip Core Flow Fraction- :

BDEN COMPALIBON « « o « v 6 9 & o 8 s & & & o 3 7.3=19
7.3.20. Turbine Trip Ne n Power

Fraction-B&w 2° T 3T RSP R SR S S 7..-19
7.3:31, Turbine Trip ® ur.zer

Pressure-B&WwW BRBAAN &« s o o4 6 s w4 aiwle 7.3=20
7.3.32. Turbine Tr. SSurizer Water

Volume=B&W ,.. .ICRLION « « ¢ ¢ ¢ » s o & & o & 7.3=20
7.3.23. Turbine Trip Core Average Temperature-

B&W Application . . . . . DA BRI N e R, 7.3=21
7.3.24. Turbine Trip Core Inlet Temperature-

PEN ABBLIORBADR 5 4 & v b m w % & s A e 7.3=21
1:3:38. Turbine Trip DNBR-B&W Application . . . . . . 7.3=22
7.3.26. Turbine Trip Core Flow Fraction=-

DY BRDAABERINE | &+ b b 4 A s e e e 7.3=22
7.4.1. Locked Rotor Neutron Power

Fraction-Catawba-McGuire-RESAR-Trojan . . . . 7.4-11
7.4.2. Locked Rotor Thermal Power

Fraction-Catawba~McGuire-RESAR-Trojan . . . . 7.4-11
T:4:3;, Locked Rotor Core Inlet Pressure-

Catawba-McGuire~-RESAR-Trojan . . . . . . . . . 7.4=12
7.4.4. Locked Rotor Core Flow

Fraction-Catawba-McGuire~-RESAR-Trojan . . . . 7.4-12

1%



Figure
7.4.8.

70“6.

7.4.10.

7.4.11.

Eigures (Con*inued)

Locked Rotor Faulted Loop Flow
Fraction-Catawba-HcGuiro-RESAR A e L

Locked Rotor Clad Inner Temperature-
Catawba-uccuiro-RESAR-Trojnn b

Locked Rotor Neutron Power Fraction~-
RESAR-Trojan-Baw Comparisens . . . ., ., .

Locked Rotor Thermal Power Fraction-
RESAR-Trojan-B&w Comparisons . , . ., ., .

Locked Rotor Pressurizer Pressure-
RESAR-Trojan-B&w Comparisons . , . . ., .

Locked Rotor Core Flow Fraction-
RESAR~Trojan~B&w Comparisons . ,

Locked rNotor Faulted Loop Flow Fraction-
RESAR-B&W Comparisons . . . § AR R

Locked Rotor Neutron Power Fraction-
Catawba~-McGuire-B&wW Comparisons

Locked Rotor Thermal Power Fraction-
Catawba-McGuire-B&wW Comparisons

Locked Rotor Pressurizer Pressure-
Catawba~-McGuire-B&Ww Comparisons

Locked Rotor Core Flow Fraction-
Catawba~McGuire-B&w Comparisons

Locked Rotor Faulted Loop Flow Fraction-
Catawka-McGuire-B&w Comsarisons '

Locked Rotor Clad Inner Temperature-
Catawba-McGuire-Trojan-B&w Comparison

Locked Rotor Neutron Power
Fraction-B&W Application

Locked Rotor Thermal Power
Fraction-B&w Application

Locked Rotor Core Inlet Pressure-
B&W Application & T .

Locked Rotor Core Flow
Fraction-B&w Application

Page

7.,

7.

7.

7.

7.

7.

7 .

7.

7s

~J

~3

4=13

4-13

4-14

4-14

4=15

4=15

4~16

4-16

4=17




Figure

7.‘

.22.

«10.,

11,

Figures (Continued)

Locked Rotor Faulted Loop Flow
Fraction-B&W Application . . . . « « « + . .

Catawba SAR Figure 15.1.4~1 Revision 3
Keff versus Temperature . . . . . « « « « &

Catawba SAR Figure 15.1.5-1 Revision 3
Doppler Power Feedback . . . « + « « « o« + .

Trojan SAR Figure 15.1-14 Transient
Response to Steam Line Break Downstream
of Flow Measuring Nozzle with Safety
Injection and Off-Site Power (case a) .

Trojan (new) SAR Figure 1%.1~-14 Amendment 3
(July 1985) Transient Response to Steam Line
Break Downstream of Flow Measuring Nozzle
with Safety Injection and Offsite Power
& BT R R Y S R e

RESAR Figure 15.4-66 Transient Response to
Steam Line Break with Safety Injection and
OfLaite POWOr (CaB8 B) ¢ + « + s s « % o »

Catawba SAR Figure 15.1.5-2 Rev. 8
1.4 Ft2 Steamline Rupture Offsite Power
Available .+ . .« . s " SRS CPEE

Catawba SAR Figure 15.1.5-3 Rev. 8
1.4 Ft2 Steamline Rupture Offsite Power
Available . . . . . . 6T S s e AR e

Catawba SAR Figure 15.1.5-4 Rev. 8
1.4 Ft2 Steamline Rupture Offsite Power
AVALIEDIE o o b s s oA A R m

McGuire SAR Figure 15.1.5-2 1984 Update
1.4 Ft2 Steamline Rupture Offsite Power
Available . . . . . R o A

McGuire SAR Figure 15.1.5-3 1984 Update
1.4 Ft2 Steamline Rupture Offsite Pc.er
Available ¢ s 8 : AR e

McGuire SAR Figure 15.1.5-4 1984 Update
1.4 Ft2 Steamline Rupture Offsite Power
Available Rl I v P o
Steam Line Break Neutron Power Fraction-
B&W Comparisons

xi

Page

7.4=21

7.8=17

7.5=18

7.5=19%9

7.5=20

7.5=21

7.5=22

1.8=23

7.5=24

7.5=25

7.5-26



Figure

7.85.13.,

7.%5.14.

7.5.18,

7.5.16.

7.5.17.

Elgures (Continued)

Steam Line Break Thermal Power Fractione
BN DORPERAOIN & 5 s % 4 e e n oww ke

Steam Line Break Pressurizer Pressure-
BOW CORPATAOON « « o 4 5 4 % % % 5 o

Steam Line Break Pressurizer Water
Volume-B&W Comparisen . . . . . . . .

Steam Line Break Single Loop Reactor
Vessel Inlet Temperature-B&W Comparison

Steam Line Break Triple Loop Reactor
Vessel Inlet Temperature-B&W Comparison

Steam Line Break Core Average
Temperature-BéW Comparison ¥ i e i

Steam Line Break Reactivity-
ORN- DNERREERIR ' 4 5 ih sk e et b

Steam Line Break Core Boron-
om0 T S S S e e T

Steam Line Break Single RSG Feedwater
Flow Fraction-B&W Comparison . . . .

Steam Line Break Triple RSG Feedwater
Flow Fracticn-B&W Comparison ‘

Steam Line Break Single RSG Steam
Flow Fraction-FSAR-B&Ww Comparison

Steam Line Break Triple RSG Steam
Flow Fraction-FSAR-B&W Comparison

Steam Line Break Single RSG Steam
Pressure~-B&4W Comparison .

Steam Line Break Triple RSG Steam
Pressure-B&W Comparisen . . . .

Steam Line Break Reactor Vessel Flow
Fraction-B&W Comparison S

Steam Line Break Flow Restrictor Mass
Flow Rate-FSAR-B&W Comparisons

Steam Line Break Flow Restrictor
Liquid Fraction-B&wW Comparison

¥id

7.5-28

7.5-29

7.5=29

7.5=30

7.5=30

7.85=31

7.5=31

7.5=32

7.5=32

7.5=33

" 7.5=33

7.5=34




Eigures (Continued)

Figure Page
7.8.30. Steam L'ne Break Steam Line Liguid

Fraction=B&W Comparison . ., ¢« « « ¢ ¢ o ¢ o o 7.5=37
7.9.31. Steam Line Break Steam Line Pressure-

LT T e O S R b S Sl S SO 7.5=37
7.8.33., Steam Line Break Steam Dome Liquid

Fraction-B&W Comparison . . . . " PRI S gt 7.5-38
V:.8.33. Stean Line Break Steam Dome Pressure-

DY CONPAEABON '+ s » « 5 4. 5.4 & 9 6 4 4 & % 7.5=38

7.85.34. Steam Line Break Ligquid Below SQparator
Ligquid Fraction-B&W Comparison . . . WIS 7.5=39

7.5.38., Steam Line Break Tube Nest Ligquid
Fraction=B&W Comparison . . . « + o« s « o« + & 7.5=39

xidd



1. INTRODUCTION

Babcock & Wilcox has developed the capability and method to
perform safety analys‘s calculations for recirculating steanm
generator (RSG) plants. This report presents the approach to
plant modeling that will be used with the RELA®S5 advanced system
code to perform system analyses for non-LOCA transients,
primarily to support fuel relcad 1licensing for competitor-
designed RSG plants. For reload safety applications, system
analyses using RELAPS will be complemented by core physics and
thermal~-hydraulics calculations by codes and methods reviewed and
approved for those purposes on the B&W-designed plants. The
specific transients analyzed will be based upon a review of all
of the FSAR transients to determine which events could be
affected by the fuel reload. The affected transients will be
evaluated to identify those changes in the key safety parameters
indicating the need for reanalysis. The purpose of this report
is to show that this capability is appropriate and acceptable by
presenting the results of a representative group of system
analyses performed with RELAPS5/MOD2-B&W that compare favorably
with SAR results for the same transients.

The RSG methodology builds upon two decades of experience in
safety analyses for the BéW~designed once-through steam generator
pressurized water reactors. The safety analysis plant model uses
a B&W version of the RELAPS5 advanced system code, designated
RELAPS5/MOD2~B&W, to calculate reactor system response for non-
LOCA transients. This report describes the plant model, which
represents that to be used for plant-specifis analyses, and the
comparative analyses used to validate B&W’s application of RELAPS
to RSG plant safety analysis. The comparative analyses benchmark
the B&W model to four sets of safety analysis report results for



plants of the four-loop Westinghouse design. The benchmarks
demonstrate that, for the same or equivalent major assumptions
ard inputs, the B&W model produces results consistent with those
of methods that have been reviewed and accepted. The success of
the comparative analyses shows that B&W can model and analyze RSG
plant system response for the full spectrun of safety analysis
transients. ‘

The major sections of this report, Sections ¢ through 7, follow a
brief outline of the approach to the comparative analyses
presented in Section 2 and the summary and conclusions presented
in Section 3. A discussion of the full scope of safety analysis
transients is included in Section 4, leading to the selection of
the transients in each category selected for the comparative

analyses. Plant initial conditions and assumptions for the
safety analysis reports and as used for the B&W model are
described in Section 5. The plant model, based upon the
wWestinghouse four-loop 3411 MWt desigr, is presented in detail in
Section 6. Finally, the five subsections of Section 7 discuss
the safety analysis report data and the results of the RELAPS
comparative analyses for each of the transients. In addition,

analyses are presented to show the performance of the plant model
as it will typically be applied for reload safety analyses.
Actual applications of the B&W safety analysis methodology for
recirculating steam generator plants will be reported on a plant
specific basis.




2. APPROACH

The approach chosen to demonstrate that the B&W application of
RELAPS to plant safety analyses is valid is to compare results
obtained using the RELAPS code and B&W-developed model to
analyses presented in safety analysis reports for plants with
recirculating steam generators. The various industry and NRC
programs aimed at code assessment through comparative analyses
have underscored the difficulties that can be encountered in
bringing analyses performed by a diversity of analysts using
different codes and models to a common point of comparison. 1In
developing the comparative study presented in this report, the
plant designs and features, the significant phenomena, and the
key parameters and assumptions have been investigated in detail.
The resulting comparative analyses show that the safety analysis
plant model and RELAPS5 code to be used by B&W can produce
virtually the same results for a representative set of
transients, given the same or equivalent analysis assumptions and
modeling methods, as models and methods already reviewed and
approved for the same applications.

The safety analysis report (SAR) data used as the bases for the
comparative analyses were taken from four sources: the Catawba,
McGuire, and Trojan FSARs and the Westinghouse RESAR. The
purpose was to show a spectrum of results and comparisons for the
Westinghouse four-loop, 3411 MWt design. This allowed the B&W
analyses to show appropriate sensitivity to the differences in
design or inputs. Section 5 presents a comparison of plant
parameters for the four plants listed above and the B&W model.
All of these plants are four loop plants operating at a power



level of 3411 MWt, however the Catawba/McGuire plants have a
preheat Model D recirculating steam generator and the Trojan ‘
plant has a Type 51 recirculating steam generator.

The run matrix for the comparative analyses considered five
limiting or representative safety analysis transients: (1) 78
pcm/sec rod withdrawal, (2) four-pump coastdown, (3) turbine
trip, (4) locked rotor event, and (5) main steam line break. The
first four are full power transients. The steam line break is
analyzed, for the most conservative result, from low power
conditions. The bases for the selection of these transients is
presented in Section 4. In order to provide direct comparison of
the SAR results to each other and to the B&W calculations, the
SAR curves were digitized and replotted to common starting values
-- normalized =-- for each of the Kkey parameters. For
completeness, the SAR curves are presented without normalizing
for each transient as it is discussed.

(38 ]
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3. SUMMARY AND CONCLUSIONS

The comparative analyses presented in this report demonstrate
that the method to be used by B&W to apply RELAPS in safety
analyses of recirculating steam generator (RSG) plants 1is
acceptable. A representative plant model, based upon the
Westinghouse four-loop design, was used to perform RELAPS
analyses for a group of limiting or representative safety
analysis transients as presented in plant safety analysis
reports. The RELAPS analyses incorporate the same or equivalent
assumptions and boundary conditions as those performed for the
SAR’s, and the results are directly comparable to the SAR
results. The validity of the B&W model and application |is
demonstrated by the agreement of the results obtained us: .g
essentially identical inputs and assumptions with those produced
by methods that have been reviewed and accepted for similar
applications.

The safety analysis report data used in these comparisons were
taken from four sources: the Catawba, McGuire, and Trojan FSAR’s
(References 1-4) and the Westinghouse RESAR (Reference 5). The
comparison to this set of plant safety analyses demonstrates the
ability of the BAW method to reflect the impacts of changes in
the significant analysis inputs, assumptions, and boundary
conditions. In addition, the comparison shows consistency in the
majnr results with methods that have been reviewed and accepted
for the same applications. The diversity of the transients and
conditions presented shows that the B&W approach for using RELAPS
is broadly applicable to licensing cases.

The five transients chosen for the comparison are cases limiting
or representative based on review of all the transients of



Regulatory Guide 1.70 and the American Nuclear Society (ANS)
classification of plant conditions. The scope of the transients
chosen and analyzed indicates an ability to evaluate any of the
non-LOCA safety analysis transients of Regulatory Guide 1.70.

All of the analyses were done using nominal plant initial
conditions for systenm parameters except that the core power was
taken as 102 percent. For' the DNB calculations, conservative
steady state errors were used. fho reactor protection system
setpoints used for this'utudy included the maximum steady state
errors and the maximum trip delay times. The comparison of the
results to those for plants with a range of initial conditions
showed that the safety analysis results are not significantly
sensitive to minor plant parameter variations.

The RELAP5/MOD2 code version used for these analyses is a version
developed at B&W for both LOCA and non-LOCA applications, based
upon the EG&G Cycle 36.02 of RELAPS/MOD2. The input plant model,
representing the Westinghouse four loop, 3411 Mwt design,
included detailed noding of the primary coolant system and the
recirculating steam generators. Two different reactor vessel
models were used:; cne of the vessel models included split core
noding for the steam line break trahsient. The approach to the
plant mode.iing was derived from B&W experience in similar
analyses for B&W~designed plants and for integral system tests,
from models of the four-loop design reported in the open
literature, and from safety analysis repoert information.

Analyses were performed for the selected transients using the
BéW-developed plant model. For each transient, comparison cases
were run using inputs and assumptions derived from the four
Separate safety analysis reports. The results of these cases
were compared to those presented in the SAR’s and found to be in
good agreement with the SAR results, Moreover, the RELAPS
analyses exhibited the same sensitivity in results to major input
assumptions as shown in the four reference analyses. This




demonstrates that the proposed application of RELAPS to safety
analyses of reactor systems with recirculating steam generators
is consistent with methods and resul“s ‘hat have been reviewed
and approved for those plants.

The B&W application of RELAPS to system safety analyses as
presented in this report, combined with the appropriate core
thermal~hydraulics and physics methods, forms a suitable and
acceptable basis for evaluating non-LOCA transients as reguired
in fuel reload safety reviews. The comparison cases and
aprlication analyses show the ability of the proposed method to
represent the effects of significant changes to ccre and system
conditions. The RELAPS modeling and inputs develcped for this
stbdy indicate B&W’s familiarity with the design and performance
of recirculating steam generator plants and with the sensitivity
of the plant safety analyses to a wide scope of postulated
transients and assumptions. B&W has demonstrated the capability
to review plant safety analysis reports with respect to the
significant safety parameters and evaluate or reanalyze
accordingly those non-LOCA transients that may be affected by
reload fuel.



4. TRANSIENT SELECTION

This section presents the bases for selecting five transients as
representative and bounding transients for all of the Regulatory
Guide 1.70 Representative Initiating Events to be considered in
safety analyses for fuel reload applications. This selection is
based upon review of reference safety analysis reports to
identify the representative transient or transients in four
categories. The five transients are:

Rod Withdrawal (full power)

Four Pump Coastdown (full power)
Turbine Trip (full power)

Locked Rotor (full power)

Steam Line Break (low power).

;s W N e

In the following paragraphs, the regulatory requirements related
to the initiating events and types of transients to be considered
in safety analyses are described. The relationship between the
selected transients and the regulatory requirements and trunsient
categories is discussed.

4.1. Regulatory Requirements

Regulatory Guide 1.70, Revision 3, standard Format and Content of
Safety Analysis Reports for Nuclear Power Planés, LWR Edition
provides a listing of representative initiating events to be
analyzed in Section 15 of the Safety Analysis Report (SAR).

Table 15-1 from Regulatory Guide 1.70 is shown as Table 4.1.1 in
this report.



It is important to note the list of initiating events is broken .

down into eight major categories as follows:

1. 1Increase in Heat Removal by the Secondary System.
2. Decrease in Heat Removal by the Secondary System.
3. Decrease in Reactor Coolant .System Flow Rate.

4. Reactivity and Power Distribution Anomalies.

5. Increase in Reactor Coolant Inventory.

6. Decrease in Reactor Coolant Inventory.

7. Radiocactive Release from a Subsystem or Component.
8. Anticipated Transients Without Scram.

Of these major categories, 5 and 6 are more related to LOCA than
the non-LOCA safety analysis. Category 7 is a radiological
release category that is not transient related. Category 8 is a
specialized category that is usually addressed as a separate
topical report and not as a part of the SAR Chapter 15 transient
analysis.

Since 1970, the American Nuclear Society (ANS) classification of
plar® conditions has been used which divides plant conditions
into four categories in accordance with anticipated frequency of
occurrence and potential radiological consequences to the public.
The four categories are as follows: '

1. Condition I: Normal Operation and Operational
Transients
2. Condition II: Faults of Moderate Freguency
Condition III: Infrequent Faults
4. Condition IV: Limiting Faults

The basic principle applied in relating design requirements to
each of the conditions is that most probable occurrences should
Yield the least radiological risk to the public and those extreme
situations having the potent.al for the greatest risk to the




public shall be those least likely to occur. Where applicable,
reactor trip system and engineered safeguards functioning 1is
assumed, to the extent allowed by considerations such as the
single failure criterion, in fulfilling this principle.

condition I = N J . ) ¢ P I

Condition I occurrences are those which are expected frequently
or regularly in the course of power operation, refueling,
maintenance, or maneuvering of the plant. As such, Condition I
occurrences are accommodated with margin between any plant
parameter and the value of that parameter which would require
either automatic or manual protective action. Inasmuch as
Condition I occurrences occur frequently or regularly, they must
be considered from the point of view of affecting the
consequences of fault conditicns (Conditions II, III, and 1IV).
In this regard, analysis of each fault condition described is
generally based on a conservative set of initial conditions
corresponding to adverse conditions which c¢an occur during
Condition I operation.

A typical list of Condition I events is listed below:
1. Steady state and shutdown operations

a. Power operation (> 5 to 100 percent of rated thermal

power) .

b. Startup (Keff 2 0.99 to < 5 percent of rated thermal
power) .

¢. Hot standby (subcritical, Residual Heat Removal System

isolated).



d. Hot shutdown (subcritical, Residual Heat Removal System
in operation).

e. Cold shutdown (subcritical, Residual Heat Removal System
in operation).

f. Refueling.

Operation with perwissible deviations

Various deviations which may occur during continued

operation as permitted by the plant Technical Specifications

must be considered in conjunction with other operational

modes. These include:

a. Operaticn with components or systems out of service
(such as power operation with a reactor coolant pump out

of service).

b. Radicactivity in the reactor coolant, due to leakage
from fuel with clad defects

1. Fission products
2. Corrosion products

3. Teitium

€. Operation with steam generator leaks up to the maximum
allowed by the Technical Specifications.

d. Testing as allowed by technical specificaticns.
Operational transients

a. Plant heatup and cooldown (up to 100°F/hour for the
Reactor Coolant System; 200°F/hour for the pressurizer




during cooldown and 100°F/hour for the pressurizer
during heatup).

b. Step load changes (up tc 410 percent).
¢. Ramp load changes (up to +5 percent/minute).

d. Load rejection up to and including design full load
rejecticn transient.

condition II - Faults cf Moderate Frequency

These faults, at worst, result in the reactor trip with the plant
being capable of returning to operation. By definition, these
faults (or events) do not propagate to cause a more serious
fault, i.e., Condition III or IV events. 1In addition, Condition
I1 events are not expected to result in fuel rod failures or
reactor cooclant system or secondary system overpressurization.

For the purposes of this report, the following faults are
included in this category:

1. Feedwater system malfunctions that result in an increase in
feedwater temperature.

2. Feedwater system malfunctions that result in an increase in
feedwater flow.

3. Excessive increase in secondary steam flow.

4. Inadvertent opening of a steam generator relief or safety
valve.
S. Loss of external electrical load.




10.

11.

12.

13.

14.

16.

i W

Turbine trip.
Iradvertent closure of main steam isolation valves.

Loss of condenser vacuum and other events resulting in
turbine trip.

Loss of nonemergency AC power to the station auxiliaries.
Loss of normal feedwater flow.
Partial loss of forced reactor coolant flow.

Uncontrolled rod cluster control assembly bank withdrawal
from a subcritical or low power startup condition.

Uncontrolled rod cluster contreol assembly bank withdrawal at
power.

Rod cluster control assembly misalignment (dropped full
length assembly, dropped full length assembly bank, or
statically misaligned full length assembly).

Startup of an inactive reactor coolant pump at an incorrect
temperature.

Chemical and volume control system malfunction that results
in a decrease in the boren concentration in the reactor
coolant.

Inadvertent operation of the emergency core cooling system
during power coperation.




18. Chemical and volume control system malfunction that
increases reactor coolant inventory.

19. Inadvertent opening of a pressurizer safety or relief valve.

:gnﬂj:jgn Il = 'Tn::!ml‘n: Faults

By definition Condition III occurrences are faults which may
occur very infregquently during the life of the plant. They will
be accommodated with the failure of only a small fraction of the
fuel rods although sufficient fuel damage might occur to preclude
resumption of :he operation for a considerable outage time. The
release of radiocactivity will not be sufficient to interrupt orx
restrict public use of those areas beyond the exclusion radius.
A Condition III fault will not, by itself, generate a Condition
IV fault or result in a conseguential loss of function of the
reactor coolant system or containment barriers. For the purposes
of this report the following faults are included in this
category:

A Steam system piping failure (minor).
- 18 Complete loss of forced reactor coolant flow.
- I Rod cluster control assembly misoperation (single rod

cluster contreol assembly withdrawal at full power).

4. Inadvertent loading and operation of a fuel assembly in an
improper position.

5. Loss of coolant accidents resulting from a spectrum of
postulated piping breaks with the reactor coolant pressure

boundary (small break).

6. Radicactive gas waste system leak or failure.



7 Radiocactive liquid waste system leak or failure.

8. Postulated radicactive releases cdue to liquid tank failures.
9. Spent fuel cask drop accidents.
Condition IV - Limiting Faults

Condition IV occurrences are faults which are not expected to
take place, but are postulated because their consequences would
include the potential for the release of significant amounts of
radiocactive material. They are the most drastic which must be
designed against and represent limiting design cases. Condition
IV faults are not to cause a fission product release to the
environment resulting in an undue risk to public health and
safety in excess of guideline values of 10 CFR 100. A single
Condition IV fault is not to cause a conseguential 1loss of
required functions of systems needed to cope with the fault
including those of the emergency core cooling system and the
containment. For the purposes of this report, the following
faults have been classified in this category:

1. Steam system piping failure (major).

2. Feedwater system pipe break.

3. Reactor coolant pump shaft seizure (locked rotor).

4. Reactor coolant pump shaft break.

S. Spectrum of rod cluster control assembly ejection accidents.
6. Steam generator tube failure.




7. Loss of coclant accidents resulting from the spectrum of
postulated piping bkreaks with the reactor coolant pressure
boundary (large break).

8. Design basis fuel handling accidents.

4.2. Fuel Reload Evaluation Transients

The scope o©f analyses needed to support reload licensing will
yenerally be narrower than that required for the original plant
licensing. That is, the complete safety analysis will not need
to be rapeated. The fuel relocad safety analyses need only
consider those transients affected by changes to plant
pefformance that are fuel reload-related. The limiting transient
or transients within each category typically remain the limiting
cases. With these points in mind, safety analysis reports were
reviewed for four separate plants (Trojan, the Westinghouse
RESAR, Catawba, and McGuire) to identify the limiting or
representative transients in four categories. These transients
were chosen for comparitive analysis using the B&W-developed
plant model and the RELAPS system code. The objectiv= in
selecting the transients was twofold: Agreement between the
results produced by the B&W model and those documented in the
four separate safety analysis reports would show consistency with
established methods for diverse cases. Second, successful
comparison tqQ five different transients would indicate that the
B&W method is consistent with the original licensing methods in
identifigation of the limiting transients.

The .five transients selected by B&W represert a bounding and
representative set for the Regulatory Guide 1.70 (Reference 12)



list, The five are distributed in the first four major
categories as follows: ‘

1, Category 1 = Increase in Heat Removal by the s.condary‘
Systenm

a. Steam line break transient

2. Category 2 = Decrease in Heat Removal by the Secondary
System

a. Turbine trip transient
3. Category 3 - Decrease in Reactor Coolant System Flow Rate

a. Four pump coastdown transient
b. Locked rotor transient

4. Category 4 - Reactivity and Power Distribution Anomalies ‘
a. Rod withdrawal transient

The five transients selected are distributed in the four ANS
frequency of occurrence categories as follows:

1. Condition I - Normal Operation and Operational Transients
a. None
2. Condition II - Faults of Moderate Frequency

a. Turbine trip
b. Rod withdrawal




3. Condition III - Infrequent Faults
a. Four pump coastdown
4. Condition IV = Limiting Faults

a. Steam line break
b. Locked rotor

The analysis of the five transients selected by B&W shows any of
the Regulatory Guide 1.70 transients could have been analyzed
using appropriate noding, analysis assumptions, and plant
parameters.



2.

Table 4.1.1. Representative Initiating Events to be

Analyzed in Secticns 15.X.X of the SAR

Increase in Heat Removal by the Secondary System

1.1

1.2

Feedwater system malfunctions that result in a
decrease in feedwater temperature.

Feedwater system malfunctions that result in an
increase in feedwater flow.

Steam pressure regulator malfunction or failure that
results in increasing steam flow.

Inadvertent opening of a steam generator relief or
safety valve.

Spectrum of steam system piping failures inside and
outside of containment in a PWR.

Recrease in Heat Removal by the Secondary System

Steam pressure regulator malfunction or failure that
results in decreasing steam flow.

Loss of external electric load.

Turbine Trip (stop valve closure).

Inadvertent closure of main steam isclation valves.

Loss of condenser vacuum.

Coincident 1loss of on-site and external (off-site)

a.c. power to the station.

4-12




3.

2.7

2.8

Table 4.1.1. (cont’d.)

Loss of normal feedwater flow.

Feedwater piping break.

Recrease in Reactor Coolant System Flow Rate

3.1

3.2

Single and multiple reactor coolant pump trips.

BWR recirculation loop controller malfunctions that
result in decreasing flow rate.

Reactor coclant pump shaft seizure.

Reactor coolant pump shaft break.

Uncontrolled control rod assembly withdrawal from a
subcritical or low power startup condition (assuming
the most unfavorable reactivity conditions of the core
and reactor coclant system), including contreol rod eor
temporary control device removal error during
refueling.

Uncontrolled contreol rod assembly withdrawal at the
particular power level (assuming the most unfavorable
reactivity conditions of the core and reactor coolant
system) that yields the most severe results (low power
to full power).

Control rod maloperation (system malfunction or

operator error), including maloperation of part length
control rods.

4-13



Table 4.1.1. (Cont’d.)

4.4 Startup of an inactive reactor coclant 1loop or
recirculating loop at an incorrect temperature.

N.A. 4.5 A malfunction or failure of the flow controller in a
BWR loop that results in an increased reactor coolant
flow rate.

4.6 Chemical and volume control system malfunction that
results in a decrease in the boron concentration in

the reactor coolant of a PWR.

4.7 Inadvertent locading and operation of a fuel assembly
in an impropar positien.

4.8 Spectrum of rod ejection accidents in a PWR.

N.A. 4.9 Spectrum of rod drop accidents in a BWR.

5. Increase in Reactor Coolant Inventory
5.1 Inadvertent operation of ECCS during power operation.

5.2 Chemical and volume control system malfunction (or
operator error) that increases reactor coolant
inventory.

Nok. 5.3 A number of BWR transients, including items 2.1
through 2.6 and item 1.2.

6. DRecrease in Reactor Coolant Inventory

6.1 Inadvertent opening of a pressurizer safety or relief
valve in a PWR or a safety or relief valve in a BWR.



6.

Table 4.2.1. _(Cont’d.)

Break in instrument line or other lines from reactor
coolant pressure boundary that penetrate containment.

Steam generator tube failure.

Spectrum of BWR steam system piping failures outside
of containment.

Loss~-of-coolant accidents resulting from the spectrum
of postulated piping breaks within the reactor coolant
pressure boundary, including steam line breaks inside
of containment in a BWR.

A number of BWR transients, including items 2.7, 2.8,
and 1.3.

Radicactive gas waste system leak or failure.

Radiocactive ligquid waste system leak or failure.

Postulated radicactive releases due to liquid tank
failures.

Design basis fuel handling accidents 1in the
containment and spent fuel storage buildings.

Spent fuel cask drop accidents.

v : ¥

8.

1

Inadvertent control rod withdrawal.



Table 4.1.1. (Cont’d.)

8.2 Loss of feedwater.

8.3 Loss of a.c. power.

8.4 Loss of electrical load.

8.5 Loss of condenser vacuum.

8.6 Turbine trip.

8.7 Closure of main steam line isolaticon valves.

N.A. - Not applicable to a PWR.




5. PLANT INITIAL CONDITIONS

¥or all 2f the accident analyses in this report, nominal values
¢4 dnitial conditions were used for system parameters except the
core power was 102% and for the DNB calculations, conservative
steady state errors were used. The reactor protection system
setpoints used in this report included the maximum steady state
errors and the maximum (rip delay times. A single set o initial
cohditions was used for all transient analyses to simplify case-
te~Case comparison and for coovenience. Where specific
conservative initial conditions can have an adverse effect on
time to trip, valve opering, and so forth, the eftect magnitude
can be accounted for in the trip value, valve opening setpoint,
etc. This method also minimizes double accounting for the same
error.

2.4, Core and Plant Parameters

Table 5.1.1 lists the values of the pertinent parameters for the
BiéW model and the four recirculating steam generator planis used
for tihese compariscna. This 1listing of input parameters and
initial ccnditions for transients and accidents is consistent
with the requirements of Regulatory Guide 1.70 Table 15-2.

When the DNBR was calculated the feollowing conservative steady
state errors were assumed in the DNBK analysis:

1. Core power: + 2 percent allowance for calorimetric error.



i

2. Average reactor coolant temperature: +4 F allowance for
controller system temperature dead band and measurement
error.

3. Pressurizer pressure: «30 pounds per square inch (psi)
allowance for steady state fluctuations and measurerent
error.

5.2. Reactor Protection System Setpoints

Table 5.2.1 lists the limiting reactor protection setpoints and
total trip delay time used in "this transient analysis for the B&W
model and the .our recirculating steam generator plants used for
thes»a comparisons. The trip delay is defined as the total time
delay from the time that trip conditions are reached to the time
the rods are free and begin to fall. The difference between the
limiting trip point assumed for the analysis and the nominal trip
peint represents an allowance for instrumentation channel error
and setpoint error. The nominal trip setpoints are specified in
the Plant Technical Specifications.

Not all reactor protection system setpoints and trip delays are
listed in Table 5.2.1, however, all setpoints and trip delays
used in this analysis are listed.



TABLE 5.1.1.
INPUT PARAMETERS AND INXTIAL CONDITIONS FOR TRANSTENTS

e S I N BE R R s Eree

FULL POW LOW POW
PARAMETER WAL MOD EVAL MOD CATAWBA MCGUIRE RESAR TROJAN
NEUTRON POWER 3679 17 3l 3611 3411 3l
(1046 WATTS) (1028)  (0.5%)  (1008) (100s) (1008) (100%)

MODERATOR TEMP BOL 0T0 7.0 .o 0.0 0T05.00.0 0.0
COEFFICIENT EOL .. .. .. .. .o .o
(10-5 LK/K/F)

MODERATOR DENSITY BOL . v o
COEFFICIENT EOL v (D) .s

DOPPLER COEFF BOL(MIN) -6.5 .o «6.0 6.0 «6.0 «6.5
(10-8 ZK/K/N) EOL(MAX) -12.5 (2) «12.5 -12.5 +12.5% «12.5
EFFECTIVE NEUTRON BOL 19 .40 19.40 19.40 19.40 19.40 19.40
LIFETIME EOL 18.10 18.10 18.10 18.10 18.10 18.10
(10-6 SEC)
DELAYED NEUTRON  BOL 0.007%5 0.0075 0.0075 0.0075 0.0075 0.0075
FRACTION EOL 0.0044 0.0044 0.0044 0.0044 0 0046 0.0044
AVERAGE HEAT FLUX 198.3 0.972 197 .2 197.2 189 8
(1043 BTU/MR-FT2)
MAXIMUM HEAT FLUX w0 9 1.567
(1043 BTU/HR-FT2)
MINIMUM DNBR 2.38(3)
AXIAL POWER 1.68 1.68
DISTRIBUTION
RADIAL POWER 1.38 1.38
DISTRIBUTION
CURE COOLANT 132.5 132.8 138.3 146 .1 132.7
FLOW RATE
(10+6 LB/HR)
CORE COOLANT 553.28 555.78 560.6 $59.2 $52.9
INLET TEMP (F)

. CORE AVERAGE 566,05 $55.91 $90.8 590.1 592.0 584 .9
COOLANT TEMP (F)



(TABLE 5.1.1. Continued)

CORE COOLANT 618.8 $56.03

EXIT TEMP (F)

HOT ASSEMBLY 639.53 ..

COOLANT EXIT

TEMPERATURE (F)

AVERAGE FUEL 1162.39 558.2

TEMP (F)

MAXIMUM FUEL 3230.7  56) .48
CENTERLINE TEMP (F)

REACTOR COOLANT 0.5040 0.4987

SYSTEM INVENTORY

(10+6 LB)

COOLANT VOLUME 1IN 1080 500 1080
PRESSURIZER (FT3)

REACTOR COOLANT 2250 2250 2250
PRESSURE (PS1A)

STEAM FLOW 15.29 0.059 15.13
RATE (1046 LB/HR)

STEAM PRESSURE 874.76 1080 1000
(PS1A)

STEAM QUALITY 1.0 1.0

FEEDWATER FLOW 15.36 0.07%

RATE (1046 LB/HR)

FEEDWATER 440 79.8 440
TEMPERATURE (F)

TOTAL CONTROL ROD “ .. 4
WORTH (8 .%/K)

(1) FUNCTION OF MODERATOR DENSITY
(2) FUNCTION OF POWER LEVEL
(3) BASED ON RELAPS CONTROL VARIABLE ALGORITHM

5=4

1178

2250

15.14

1000

440

1080

2250

440

1080

2250

15.07

910

L4




TABLE 5.2.1.

TRIP POINTS AND TIME DELAYS TO TRIP

TRIP FUNCTION EVAL MOD CATAWBA MCGUIRE RESAR TROJAR
HIGH NEUTRON SETPOINT 118 118 118 118 118
FLUX TRIP (%) DELAY 0.5 SEC 0.5 SEC 0.5 SEC 0.5 SEC 0.5 SEC
OVERTEMPERATURE K&l 1.129

T TRIP (F) Ka2 0.01702/F

TAUG] 21.0 88C
TAVL2 3.0 SEC
TAVGO 584 .8 F

R4l 86 E~5 PSI

PO 2250 PSlA

DELAY 6.0 SEC
HIGH PRESSURIZER SETPOINT 2425 2625 2425 2625 24625
PRESS TRIP (PS1A) DELAY 2 SEC ¢ SEC ¢ SEC 2 SEC ¢ SEC
LOW REACTOR SETPOINT 87 87 87 87 7
COOLANT FLOW DELAY 1 SEC 1 SEC 1 SEC 1 SEC i SEC
TRIP (W)
UNDERVOLTAGE SETPOINT 68 68 68 68 68
TRIP(W) DELAY 1.5 8EC 1.5 SEC 1.5 SEC 1.5 BEC 1.2 SEC



6. RELAPS PLANT MODEL DESCRIPTION

The RELAPS/NMOD2 code version used for this analysis is described
in BAW-10164P. This version represents an upgrade to EGLG Cycle
36.02 of RELAPS5/MOD2. The RELAPS code is well documented; thus,
the purpcse of this section is to describe and discuss the noding
arrangement and features of the Bi&W safety analysis plant model.
Two distinct models are described:

1. RSG Plant (Full Power) Application Model (Figure €.1 and
Table 6.1).

2. RSG Plant (Low Power) Application Model (Figure 6.2 and Table
6.2).

The full powver model was used fo: the analysis of:

. Rod withdrawal transient

Four pump coastdown transient
Turbine trip transient

. Locked rotor transient.

S W e

The low power model was used for the analysis of the steam line
btreak transient.

The first step in establishing a noding arrangement was a
thoroug.a review of available literature to determine what has



been used successfully. The two models presented most closely
resemble the following:

i. The full power reactor vessel model is similar to the LOFT
test reactor vessel model as described in "“RELAPS
Assessment: LOFT Large Break L2-S," NUREG/CR-3608, SAND 83~
2549, Sandia National Laboratories, January 1934,

2. The low pcwer steam line break reactor vessel model is
similar to the model described in WCAP-7909, "MARVEL A
Digital Computer Code for Transient Analysis of a Multiloop
PWR System," October 1972 and letter, J. R. Miller to J. M.
Griffin, CESEC Code Verification, March 20, 1984.

3. The rest of the plant model (reactor coclant loops,
recirculating steam generators, etc.) is consistent with the
noding arrangement described in NUREG/CR-3977, EGG-2341,
"RELAPS Thermal-Hydraulic Analyses of Pressurized Thermal
Shock Sequences for the H. B. Robinson Unit 2 Pressurized
Water Reactor," April 1985.

The plant geometry and plant parameters are consistent with the
3411 MWt four loop plant as described in the Trojan Safety
Analysis Report.

.1. RSG Plant (Full Power) Model

Figure 6.1 shows the noding arrangement for the full power model
and Table 6.1 describes each of the nodes. The following is a
description of the features of this model.

Qverall Plant Model

Tha RSG plant (full power) application model represents a four-
loop plant of Westinghouse design operating at 23479 MWt (102% of




3411 Mwt), As shown by Figure 6.1, a single loop and single
recirculating steam generator are modeled as the 200~ and 600~
series nodes. The 100-series and 700~series nodes represent a
combined triple loop and triple recirculating steam generator.
The 400-series nodes are the pressurizer, and the 300-series
nodes are the reactor vessel.

No heat structures were included except for heat transfer heat
structures (RSG tubes and fuel clad). Excluding other heat
structures is conservative because these tend to mitigate both
trarsient heatup and cooldown rates. Cold plant dimensions were
used for the model. Cold plant dimensions are conservative since
the transient heatup and cooldown rates are greatest for the
minimum water volume.

The RELAPS/MOD2 nonequilibrium option was used throughout, thus
the model can calculate two-phase conditions anywhere in the
system. Detailed pressure drops and flow distributions used in
the model were based on calculations done using the BiW-developed
SAVER (Reference l11) computer code.

Fuel Pin and Nucleonics

The fuel pin model consists of 5 radial nodes, 1 gap node, and 2
clad nodes. In addition, there are 6 axial nodes. The specific
heat and thermal conductivity for all materials are input as
parameter versus temperature tables.

RELAPS/MOD2 has a point kinetics model that has six delayed
neutron groups. The built-in delayed neutron constants were used
because the values are input as delayed neutron precursor yield
"ratios" which do not vary significantly from beginning-of-life
to end-of-life. RELAPS/MOD2 has provision for water temperature,
fuel temperature, and water density reactivity feedback. Other
reactivity feedbacks such as boron can be modeled by the use of
contrel variables and general tables. Tripped rod reactivity



versus time was input as a generalized reactivity versus time
table. These tables were used for rod withdrawal reactivity
addition and subcritical margin input.

The RELAPS/MOD2 built-in 1973 ANS Standard Fission Product Data
and a fission product yield factor of 1.2 was used. Also, a 0.4
U~239 yield factor was used.

Reactor Core

The reactor core for the RSG plant (full power) model consists of
an average channel (nodes 316~326), a hot channel (nodes 328~
3J38), a core bypass flow (nodes 340, 342, and 344), and a baffle
gap flow (nodes 346, 348, and 350). The baffle gap is modeled
as an upflow channel in this instance but could be easily changed
to a downflow configuration.

Reactor Vessel

The reactor vessel model for the RSG plant (full power) model
consists of a triple downcomer (nodes 302-308) and a single
downcomer (nodes 368-374). The reactor vessel lower head 1is
modeled as node 310 and the core inlet plenum is modeled as twe
nodes, one for mixing and the other for core flow distribution.
The core outlet plenum is modeled as a single node (352). The
remaining nodes are all associated with the reactor vessel upper
head.

Reactor Coolant Loops

The hot leg is separated into 4 nodes, the RSG inlet plenum
(nodes 120 and 220) and RSG outlet plenum (nodes 130 and 230) are
single nodes, the RSG tubes (nodes 125 and 225) are separated
into eight segments, the cold leg RC pump suction consists of S
nodes, the RC pump (nodes 160 and 260) is a single node, and the
cold leg RC pump discharge consists of 4 nodes.




For this model, the RELAP5/MOD2 built-in Westinghouse pump data
was used. The model is adegquate for the reactor coolant flow
variations due to transient pressure and temperature changes,
however, pump speed versus time and reactor coolant flow versus
time were used for the four pump coastdown and locked rotor
analysis of this report. 1If the RELAP5/MOD2 pump model is used
for flow coastdown calculations in the future, plant specific or
conservative homologous tables will be input.

Eressurizer

The pressurizer model consists of three parts, the surge line
(node 400), the eight section pressurizer (node 410), and a valve
model (junction 415). The model does not have a heater nor spray
nodel because they tend to minimize the heatup and cooldown rates
during transients.

Initial condition water volume in the pressurizer is specified by
setting the void fraction in the nodes to liquid, vapor, or a
mixture. The time dependent 3junction of the valve model
(Junction 415) can be used to input a mass flow versus pressure
that is representative of power operated relief valves, safety
valves, or combinations of valves.

Recirculating Steam Generator

The sirqle RSG (600 series nodes) and triple RSG (700 series
nodes) are the same ew.cept for the size they represent, thus the
following discussion will be limited to the single RSG nodes.
The feedwater mixing node (620) combines the subcooled feedwater
with saturated fluid from the separator (node 650) to produce a
subcooled fluid that enters the four-section downcomer (node
625). The four-section tube riser (node 630) accepts the heat
transferred from the RSG tubes (node 22%5). Nodes 625, 620, 645,



655, and 665 are annulus nodes. The tube riser nodes accept heat
from both the hot inlet and cold outlet parts of the RSG tubes
(node 225). Two liguid volumes are modeled below the separator
(node 650) and two steam volumes are modeled above the separator.
The separator component in RELAP5/MOD2 acts as a steam separator
and dryer since two-phase fluid enters from the bottom (junction
650003), 3team goes out the top (junction 65001), and saturated
fluid goes back to the downcomer (junction 65002). Node 655 is a
separator bypass node that is recommended in RELAPS5/MOD2 to

provide pressure equalization across the separator. The
separator bypass model has been shown to produce more realistic
transient results. Nodes 645 and 655 are used to support the

separator bypass modeling. Out of the steam dome (node 670) the
1.4 ft2 flow restrictor (junction 671) is modeled as an integral
part of the steam generator.

The model represents a Westinghouse Type 51 steam generator mcdel
(51,500 ft? tube heat transfer area) with a 6% reducticn for tube
plugging. The recirculation ratio of this model is 3.8.

No recirculating steam generator water level model was developed
because none of the transients considered for this report
requires water level for control or for reactor trip. A RSG
wvater level could easily be implemented using the RELAPS5/MOD2
control variables.

Feedwater Systenm

The feedwater system was modeled as a time-dependent volume (node
600) and a time-~dependent junction (juncticen 601). The time-
dependent veolume can also be used to adjust feedwater temperature
versus time, and the time-dependent 3junction <an be used to
adjust mass flowrate versus time. This type of modeling is
adequate for the transients of this report where the feedwater




flow is terminated early in the transient and can also be used
for gquite complex feedwater flow situations.

Auxiliary feedwater was not modeled as a separate system since it
usually is not used in the short duration full power transients.
Auxiliary feedwater can be represented as continued flow through
the feedwater time dependent junction.

Steam Line

The steam lines (node 675) run from the steam generator to the
turbine which is modeled as a time dependent volume (node 690) to

maintain the proper backpressure. Junction 677 is a motor
operated valve that can be used to represent either a main steam
stop valve or a main steam isolation valve. Time dependent

junction 676 and time depenaent volume 680 provide modeling for
steam line safety valves, power operated relief valves, and
combinations of valves. Time dependent junction €7¢ and time
dependent volume 550 provide modeling for a steam dump system
that consists of a three second valve opening to a preset mass
flowrate.

$.2. RSC Plant Steam Line Break (low Power) Model

Figure 6.2 shows the noding arrangement for the low power model
and Tahle 6.2 describes each of the nodes. The following is a
description of the changes from the full powe: model. The oiily
significant changes from the full power model are the reactor
core and the addition of safety injection.

Qverall Plant Model

The RSG plant steam line break (low power) model is a four loop
plant operating at 17 MWt (0.5% of 3411 MWt). The use of this
very low power level allows the RELAP5/MOD2 model to be run to
steady state prior to the start of the transient calculations.



The low power steady-state was found by allowing the full power
RELAPS5/MOD2 model to achieve steady~-state with a new set of
temperatures, lower core power level and lower feedwater flow
conditions. The RSG model represents a Westinghouse Type 51
steam generator model with a 51,500 ft? tube heat transfer area.

Reactor Core

The reactor core for the RSG plant steam line break (low power)
model consists of an average channel triple loop core (nodes 316~
326), average channel single loop core (nodes 317-327), triple
loop core bypass (nodes 340, 342, 344) and single loop core
bypass (nodes 341, 343, 34%5). The splitting of the core into a
triple and single loop segment allows the steam line break
affected loop to be isclated from the triple loop. Crossflow
paths are provided at the core inlet and outlet to represent
various flow mixing situations. Both the inlet and outlet plenum
are broken into triple loop and single loop segments.

Reactivity feedback due to the temperature decrease of the steam
line break is based on the single loop core density.

: . .

Time dependent volume 930 and time dependent junction 931 were
used to model safety injection of boren into the single loop
reactor coolant system during the steam line break. A mass
flowrate versus pressure table was used to represent the safety
injection system that pumps 2000 ppm boron into the reactor
coclant system that has no boron initially. The boron injection
was activated on low pressurizer pressure and a 12 second time
delay was used to represent valve openings and pumps coming up to
full speed.




Only the safety injection was modeled because that is all that is
used in the steam line break analysis since the reactor coolant
pressure does not go low enough for the accumulator tanks to
operate. RELAPS/MOD2 has an accumulator tank model and the
residual heat removal system could easily be modeled.
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TABLE 6.1.

RELAPS RSG PLANT (FULL POWER)
HNODE & JUNCTION DESCRIPTION _ o

REACTOR VESSEL AND CORE COMPONENTS

—iXPE . QRIENTATION  RESCRIPTION
TRIPLE UPPER INLET PLENUM

- .
300

302
304
306
308
310
312
314
316
318
320
322
324
326
328
330
332
334

336

BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH
BRANCH

BRANCH

+90

=90
+90
+90
+90
+90
+990
+90
+90
+90
+90
+90
+90
+90
+90
+90
+90
+90
+90

+90

MODEL

TRIPLE LOWER INLET PLENUM

TRIPLE LOWER DOWNCOMER 1

TRIPLE LOWER DOWNCOMER 2

TRIPLE LOWER DOWNCOMER 3

LOWER HEAD

LOWER PLENUM
CORE INLET P
AVERAGE CORE
AVERAGE CORE
AVERAGE CORE
AVERAGE CORE
AVERAGE CORE
AVERAGE CORE
HOT CHANNEL
HOT CHANNEL
HOT CHANNEL
HOT CHANNEL
HOT CHANNEL
HOT CHANNEL
CORE BYPASS

CORE BYPASS

CORE BYPASS

LENUM
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT
SEGMENT

SEGMENT

3 OF

4 OF

1 OF 6
2 OF 6

S OF 6
6 OF 6

1 OF 3



TABLE 6.1. RELAPS RSG PLANT (FULL POWER) MODEL ‘
’

REACTOR VESSEL AND CORE COMPONENTS
ol - - QRIENTATION RESCRIPTION

346  BRANCH +90 BAFFLE REGION SEGMENT 1 OF 3
348 BRANCH +90 BAFFLE REGION SEGMENT 2 OF 3
350  BRANCH +90 BAFFLE REGION SEGMENT 3 OF 3
352  BRANCH +90 CORE OUTLET PLENUM

356  BRANCH -90 UPPER PLENUM SEGMENT 1 OF 2
358  BRANCH -90 UPPER PLENUM SEGMENT 2 OF 2
360  BRANCH -90 UPPER HEAD

366  BRANCH +90 SINGLE UPPER INLET PLENUM
368  BRANCH -90 SINGLE LOWER INLET PLENUM
370  BRANCH =90 SINGLE LOWER DOWNCOMER 1

372 BRANCH =90 SINGLE LOWER DOWNCOMER 2 .
374  BRANCH -90 SINGLE LOWER DOWNCOMER 3

SINGLE RECIRCULATING STEAM GENERATOR
ol - - QRIENTATION RESCRIPTION

600 TMDPVOL SINGLE RSG FEEDWATER TANK

601 TMDPJUN SINGLE RSG FEEDWATER VALVE

620 ANNULUS -90 SINGLE RSG FEEDWATER INLET

621 SNGJUN SINGLE RSG FDWT INLET TO LOWER
DWNCMR

625 ANNULUS =90 SINGLE RSG LOWER DOWNCOMER (4
SEGMENTS)

626 SNGJUN SINGLE RSG DWNCMR TO TUBE
SECONDARY

630 PIPE +90 SINGLE RSG TUBE SECONDARY (4
SEGMENTS) ‘



TABLE 6.1.

RELAPS RSG PLANT (FULL POWER) MODEL

SINGLE RECIRCULATING STEAM GENERATOR

—LXEE QRIENTATION RESCRIPTION
SINGLE RSG TUBE SECONDARY TO

wdbe
631

635
636

640
645

646

647

650

655

656

660

661

665

666

670

671

675

676

SNGIJUN

BRANCH
SNGJUN

BRANCH
ANNULUS
SNGJUN

SNGJUN

SEPATR
ANNULUS

SNGJUN

BRANCH
SNGJUN

ANNULUS

SNGJUN

BRANCH

SNGJUN

SNGLVOL

TMDPJUN

+90

+90

«90

+50

+90

+90

+90

+90

LOWER LIQUID
SINGLE RSG LOWER

SINGLE RSG LOWER
LIQUID

SINGLE RSG UPPER
SINGLE RSG UPPER

SINGLE RSG UPPER
INLET

SINGLE RSG UPPER
LOWER SEP BYPASS

NODE & JUNCTION DESCRIPTION (CONT'D.)

LIQUID
TO UPPER

LIQUID
DOWNCOMER
DWNCMR TO FDWT

DWNCMR TO

SINGLE RSG SEPARATOR

SINGLE RSG LOWER
BYPASS

SINGLE RSG LOWER
SEPARATOR EYPASS

SINGLE RSG LOWER

SINGLE RSG LOWER
DOME

SINGLE RSG UPPER
BYPASS

SINGLE RSG UPPER
LOWER ST DOME

SINGLE RSG UPPER

SINGLE RSG STEAM
RESTRICTOR

SINGLE RSG STEAM

SINGLE RSG STEAM

SEPARATOR

TO UPPER

STEAM DOME
TO UPPER STEAM

SEPARATOR

SEP BYPASS TO

STEAM DOME
LINE FLOW

LINE

SAFETY VALVE



et e R

TABLE 6.1. RELAPS RSG PLANT (FULL POWER) MODEL
’ .

SINGLE RECIRCULATING STEAM GENERATOR
. _IXPE_  OQRIENTATION  RESCRIPIION

677 MTRVLV : SINGLE RSG STEAM VALVE

680 TMDPVOL SINGLE RSG STEAM SAFETY VALVE
TANK

690 TMDPVOL SINGLE RSG STEAM LINE TANK

TRIPLE RECIRCULATING STEAM GENERATOR
- —ddPE QRIENTATION RESCRIPTION

700 TMDPVOL TRIPLE RSG FEEDWATER TANK

701 TMDPJUN TRIPLE RSG FEEDWATER VALVE

720 ANNULUS -90 TRIPLE RSG FEEDWATER INLET

721 SNGJUN TRIPLE RSG FDWT INLET TO LOWER
DWNCMR

728 ANNULUS -90 TRIPLE RSG LOWER DOWNCOMER (4
SEGMENTS)

726 SNGJUN TRIPLE RSG DWNCMR TO TUBE
SECONDARY

730 PIPE +90 TRIPLE RSG TUBE SECONDARY (4
SEGMENTS)

731 SNGJUN TRIPLE RSG TU3E SECONDARY TO
LOWER LIQUID

738 BRANCH +90 TRIPLE RSG LOWER LIQUID

736 SNGJUN TRIPLE RSG LOWER TO UPPER
LIQUID

740 BRANCH +90 TRIPLE RSG UPPER LIQUID

745 ANNULUS -90 TRIPLE RSG UPPER DOWNCOMER

746 SNGJUN TRIPLE RSG UPPER DWNCMR TO FDWT
INLET




TABLE 6.1. RELAPS RSG PLANT (FULL POWER) MODEL

NODRE JUNCTION DESCRIPTION (CONT'D.J

TRIPLE RECIRCULATING STEAM GENERATOR
- v ¢ /- QRIENTATION RESCRIPTION

747 SNGJUN TRIPLE RSG UPPER DWNCMR TO
LOWER SEP BYPASS

750 SEPATR +90 TRIPLE RSG SEPARATOR

7¢8 ANNULUS +90 TRIPLE RSG LOWER SEPARATOR
BYPASS

756 SNGJUN TRIPLE REG LOWER TO UPPER
SEPARATOR BYPASS

760 BRANCH +90 TRIPLE RSG LOWER STEAM DOME

761 SNGJUN TRIPLE 24G LOWER TO UPPER STEAM
DOME

765 ANNULUS +90 TRIPLE RSG UPPER SEPARATOR
BYPASS

766 SNGJUN TRIPLE RSG UPPER SEP BYPASS TO
LOWER ST DOME

770 BRANCH +90 TRIPLE RSG UPPER STEAM DOME

771 SNGJUN TRIPLE RSG STEAM LINE FLOW
RESTRICTOR

778 SNGLVOL TRIPLE RSG STEAM LINE

776 TMDPJUN TRIPLE RSG STEAM SAFETY VALVE

779 MTRVLV TRIPLE RSG STEAM VALVE

780 TMDPVOL TRIPLE RSG STEAM SAFETY VALVE
TANK

790 TMDPVOL TRIPLE RSG STEAM LINE TANK




SINGLE LOOP HOT AND COLD LEGS
-4 _IXPE._  QRIENTATION

200

205

210

215

220
225

230

235

240

245

250

255

260

265

270

271

275

TABLE 6.1.

RELAPS RSG PLANT (FULL POWER) MODEL
‘

BRANCH

BRANCH

BRANCH

BR2.NCH

BRANCH
PIPE

BRANCH
BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

PUMP

BRANCH

BRANCH

MTRVLV

BRANCH

HORIZ

HORIZ2

HORIZ

ANGLE

+90

+90/-90

ANGLE

HORIZ

ANGLE

ANGLE

HORIZ

HORIZ

HORIZ

RESCRIPTION

SINGLE
OF 4

SINGLE
OF 4

SINGLE
OF 4

SINGLE
OF 4

SINGLE
SINGLE

LOOP HOT LEG SEGMENT 1

LOOP HOT LEG SEGMENT 2

LOOP HOT LEG SEGMENT 3

LOOP HOT LEG SEGMENT 4

RSG INLET PLENUM
RSG PRIMARY TUBES (8

SEGMENTS)

SINGLE

SINGLE
OF 5

SINGLE
OF §

SINGLE
OF

SINGLE
OF §

SINGLE
OF §

SINGLE

SINGLE
OF 4

SINGLE
OF 4

SINGLE
SINGLE
OF 4

6-16

RSG OUTLET PLENUM
RSG COLD LEG SEGMENT 1

RSG COLD LEG SEGMENT 2
RSG COLD LEG SEGMENT 3
RSG COLD LEG SEGME&T “
RSG COLD LEG SEGMENT 5

LOOP RC PUMP
PUMP COLD LEG SEGMENT 1

PUMP COLD LEG SEGMENT 2

LOCP LOCA VALVE

PUMP COLD LEG SEGMENT 3 ‘




TABLE 6.1. RELAPS RSG PLANT (FULL POWER) MODEL
’

SINGLE LOOP HOT AND COLD LEGS

IXFE

280

TRIPLE

100
105
110
115

120
125

130
138

140
145
150
158

160

165

BRANCH

QERIENTATION
HORIZ

LGOP HOT AND COLD LEGS

—IXFE
BRANCH

BRANCH

BRANCH

BRANCH

BRANCH
PIPE

BRANCH
BRANCH

BRANCH

BRANCH

BRANCH

BRANCH

PUMP

BRANCH

QRIENTATION
HORIZ

HORIZ

HORIZ

ANGLE

+90

+90/-90

ANGLE

HORIZ

ANGLE

ANGLE

HORIZ

RESCRIPTION

SINGLE PUMP COLD LEG SEGMENT 4
CF 4

RESCRIPTION

TRIPLE LOOP HOT LEG SEGMENT 1
OF 4

TRIPLE LOOP HOT LEG SEGMENT 2
OF 4

TRIPLE LOOP HOT LEG SEGMENT 3
OF 4

TRIPLE LOOP HOT LLS SEGMENT 4
OF 4

TRIPLE RSG INLET PLENUM

TRIPLE RSG PRIMARY TUBES (8
SEGMENTS)

TRIFLE RSG OUTLET PLENUM

TRIPLE RSG COLD LEG SEGMENT 1
OF §

TRIPLE RSG COLD LEG SEGMENT 2
OF 5

TRIPLE RSG COLD LEG SEGMENT 3
OF 8

TRIPLE RSG COLD LEG SEGMENT 4
OF 5

TRIPLE RSG COLD LEG SEGMENT 5
OF 5

TRIPLE LOOP RC PUMP
TRIPLE PUMP COLD LEG SEGMENT 1
OF 4

6=17



TABLE 6.1.

RELAPS RSG PLANT (FULL POWER)

TRIPLE LOOP HOT AND COLD LEGS

At XRE_.
170 BRANCH
178 BRANCH
180 BRANCH
PRESSURIZER

SRR « ¢ - W
400 BRANCH
410 PIPE

415 TMDPJUN
420 TMDPVOL

STEAM DUMP SYSTEM
- . —IXPE

678 TMDPJUN
550 TMDPVOL
778 TMDPJUN
551 TMDPVOL

QRIENTATION

HORIZ

HORIZ

HORIZ

_NODE_§& JUN

RESCRIPTION

TRIPLE PUMP
OF 4

TRIPLE PUMP
OF 4

TRIPLE PUMP
OF 4

RESCRIPTION
PRESSURIZER

PRESSURIZER
PRESEURIZER
PRESSURIZER

DESCRIPTION

MODE

’

COLD LEG SEGMENT 2
COLD LEG SEGMENT 3

COLD LEG SEGMENT 4

SURGE LINE
(8 SEGMENTS)

SAFETY VALVE

STEAM SINK

SINGLE RSG STEAM DUMP CONTROL

VALVE

SINGLE RSG STEAM DUMP TANK

TRIPLE RSG STEAM DUMP CONTROL

VALVE

TRIPLE RSG STEAM DUMP TANK
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Figure 6.2. Babcock & Wilcox RSC Plant Steam Line
Break (Low Power) Model



TABLE 6.2.

RELAPS RSG PLANT STEAM LINE BREAK (LOW

REACTOR VESSEL AND CORE COMPONENTS
~A.  IXPE__  QRIENTATION RESCRIPTION

300 BRANCH +90 TRIPLE UPPER INLET PLENUM
302 BRANCH -90 TRIPLE LOWER INLET PLENUM
304 BRANCH -90 TRIPLE LOWER DOWNCOMER 1
306 BRANCH -90 TRIPLE LOWER DOWNCOMER 2
308 BRANCH -90 TRIPLE LOWER DOWNCOMER 3
310 BRANCH +950 LOWER HEAD

312 BRANCH +90 TRIPLE LOWER PLENUM

313 BRANCH +90 SINGLE LOWER PLENUM

314 BRANCH +90 TRIPLE CORE INLET PLENUM
315 BRANCH +90 SINGLE CORE INLET PLENUM
316 BRANCH +90 TRIPLE CORE SEGMENT 1 OF 6
318 BRANCH +90 TRIPLE CORE SEGMENYT 2 OF 6
320 BRANCH +90 TRIPLE CORE SEGMENT 3 OF 6
322 BRANCH +90 TRIPLE CORE SEGMENT 4 OF 6
124 BRANCH +90 TRIPLE CORE SEGMENT S5 OF é
326 BRANCH +90 TRIPLE CORE SEGMENT 6 OF 6
317 BRANCH +90 SINGLE CORE SEGMENT 1 OF 6
319 BRANCH +90 SINGLE CORE SEGMENT 2 OF 6
321 BRANCH +90 SINGLE CORE SEGMENT 3 OF 6
323 BRANCH +90 SINGLE CORE SEGMENT 4 OF 6
325 BRANCH +90 SINGLE CORE SEGMENT 5 OF 6
327 BRANCH +90 SINGLE CORE SEGMENT 6 OF 6
340 BRANCH +90

TRIPLE CORE BYPASS SEGMENT 1 OF .




TABLE 6.2. RELAPS RSG PLANT STEAM LINE BREAK
(LOW POWER) MODEL NODE & JUNCTION

RESCRIPTION (CONT'D)
REACTOR VESSEL AND CORE COMPONENTS

o . .« QRIENTATION RESCRIPTION

342 BRANCH +90 TRIPLE CORE BYPASS SEGMENT 2 OF
3

344 BRANCH +90 TRIPLE CORE BYPASS SEGMENT 3 OF
3

341 BRANCH +90 SINGLE CORE BYPASS SEGMENT 1 OF
3

343 BRANCH +90 SINGLE CORE BYPASS SEGMENT 2 OF
3

3459 BRANCH +90 SINGLE CORE BYPASS SEGMENT 2 OF
3

352 BRANCH +90 TRIPLE CORE OUTLET PLENUM

353 BRANCH +90 SINGLE CORE OUTLET PLENUM

356 BRANCH =950 UPPER PLENUM SEGMENT 1 OF 2

358 BRANCH =90 UPPER PLENUM SEGMENT 2 OF 2

360 BRANCH -90 UPPER HEAD

366 BRANCH +90 SINGLE UPPER INLET PLENUM

368 BRANCH -90 SINGLE LOWER INLET PLENUM

370 BRANCH -90 SINGLE LOWER DOWNCOMER 1

372 BRANCH -950 SINGLE LOWER DOWNCOMER 2

374 BRANCH -90 SINGLE LOWER DOWNCOMER 3

SINGLE RECIRCULATING STEAM GENERATOR

- - - ¢ - ORIENTATION RESCRIPTION

600 TMDPVOL SINGLE RSG FEEDWATER TANK
601 TMDPJUN SINGLE RSG FEEDWATER VALVE

620 ANNULUS

90 SINGLE RSG FEEDWATER INLET



TABLE 6.2.

DESCRIPTION (CONT'D)

RELAPS RSG PLANT STEAM LINE BREAK ‘I'

(LOW POWER) MODEL NODE & JUNCTION

SINGLE RECIRCULATING STEAM GENERATOR

621

625

626

630

631

635

636

640
645

646

647

650

655

656

660

661

665

SNGJUN

ANNULUS

SNGJUN

PIPE

SNGJUN

BRANCH
SNGJUN

BRANCH
ANNULUS
SNGJUN

SNGJIUN

SEPATR
ANNULUS

SNGJUN

BRANCH

SNGJUN

ANNULUS

+90

+90

+90

+90

+90

+90

+90

|
4 _IYPE = OQRIENTATION  DESCRIPTION |
|

SINGLE RSG FDWT INLET TO LOWER
DWNCMR

SINGLE RSG LOWER DOWNCOMER (4
SEGMENTS) |

SINGLE RSG DWNCMR TO TUBE
SECONDARY

SINGLE RSG TUBE SECONDARY (4 |
SEGMENTS) |

SINGLE RSG TUBE SECONDARY TO
LOWER LIQUID

SINGLE RSG LOWER LIQUID

SINGLE RSG LOWER TO UPPER
LIQUID

SINGLE RSG UPPER LIQUID
SINGLE RSG UPPER DOWNCOMER

SINGLE RSG UPPER DWNCMR TO FDWT
INLET | |

SINGLE RSG UPPER DWNCMR TO
LOWER SEP BYPASS

SINGLE RSG SEPARATOR

SINGLE RSG LOWER SEPARATOR
BYPASS |

SINGLE RSG LOWER TO UPPER
SEPARATOR BYPASS

SINGLE RSG LOWER STEAM DOME

SINGLE RSG LOWER TO UPPER STEAM
DOME

SINGLE RSG UPPER SEFARATOR
BYPASS
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SINGLE

TABLE 6.2. RELAPS RSS PLANT STEAM LINE BREAK
(LOW POWER) MODEL NODE & JUNCTION

RESCRIPTION (CONT'D)

RECIRCULATING STEAM GENERATOR

N .« ¢ . - QRIENTATION RESCRIFTION

666

670

671

675
676
677

680
690

TRIPLE

. =
700
[
720

721
725
726
730

731

SNGJUN SINGLE RSG UPPER SEP BYPASS TO
LOWER ST DOME

BRANCH +90 SINGLE RSG UPPER STEAM DOME

SNGJIUN SINGLE RSG STEAM LINE FLOW
RESTRICTOR

SNGLVOL SINGLE RSG STEAM LINE

TMDPIUN SINGLE RSG STEAM SAFETY VAILVE

MTRV.V SINGLE RSG STEAM VALVE

TMDFVOL SINGLE RSG STEAM SAFETY VALVE
TANK

TMDPVOL SINGLE RSG STEAM LINE TANK

RECIRCULATING STEAM GENERATOR
v ¢ ) - QEIENTATION RESCRIPTION

TMDPVOL TRIPLE RSG FEEDWATER TANK

TMDPJUN TRIPLE RSG FEEDWATER VALVE

ANNULUS -90 TRIPLE RSG FEEDWATER INLET

SNGJUN TRIPLE RSG FDWT INLET TO LOWER
DWNCMR

ANNULUS =90 TRIPLE RSG LOWER DOWNCOMER (4
SEGMENTS)

SNGJUN TRIPLE RSG DWNCMR TO TUBE
SECONDARY

PIPE +90 TRIPLE RSG TUBE SECONDARY (4
SEGMENTS)

SNGJUN TRIPLE RSG TUBE SECONDARY TO

LOWER LIQUID



TABLE 6.2. RELAPS RSG PLANT STEAM LINE BREAK
(LOW POWER) MODEL NODE & JUNCTION

DRESCRIPTION (CoFI’D)

TRIPLE RECIRCULATING STEAM GENERATOR

acllon —IXPE QRIENTATION RESCRIPTION

73¢ BRANCH +90C TRIPLE RSG LOWER LIQUID

736 SNGJUN TRIPLE RSG LOWER TO UPPER
LIQUID

740 BRa st +$0 TRIPLE RSG UPPER LIQUID

745 ANNULUS =90 TRIPLE RSG UPPER DOWNCOMER

746 SNGJUN TRIPLE RSG UPPER DWNCMR TO FDWT
INLET

747 SNGJUN TRIPLE RSG UPPER DWNCMR TO
LOWER SEP BYPASS

750 SEPATR +90 TRIPLE RSG SEPARATOR

758 ANNULUS +90 TRIPLE RSG LOWER SEPARATOR
BYPASS

756 SNGJUN TRIPLE RSG LOWER TO UPPER
SEPARATOR BYPASS

760 BRANCH +90 TRIPLE RSG LOWER STEAM DOME

761 SNGJUN TRIPLE RSG LOWER TO UPPER STEAM
DOME

765 ANNULUS +90 TRIPLE RSG UPPER SEPARATOR
BYPASS

766 SNGJUN TRIPLE RSG UPPER SEP BYPASS TO
LOWER ST DOME

770 BRAl'"H +90 TRIPLE RSG UPPER STEAM DOME

771 SNGJUN TRIPLE RSG STEAM LINE FLOW
RESTRICTCR

77% NGLVOL TRIPLE RSG STEAM LINE

776 TMDPJUN TRIPLE RSG STEAM SAFETY VALVE

777 MTRVLV TRIPLE RSG STEAM VALVE ‘




(LOW POWER) MODEL NODE & JUNCTION
DESCRIPTION (CONT'D)

‘ TABLE 6.2. RELAPS RSG PLANT STEAM LINE BREAK

TRIPLE RECIRCULATING STEAM GENERATOR
A —iXEE QRIENTATION RESCRIPTION

780 TMDPVOL TRIPLE RSG STEAM SAFETY VALVE
TANK
790 TMDPVOL TRIPLE RSG STEAM LINE TANK

SINGLE LOOP HOT AND COLD LEGS
- . ¢ - QRIENTATION RESCRIPTION

200 BRANCH HORIZ SINGLE LOOP HOT LEG SEGMENT 1
OF 4

205 BRANCH HORIZ SINGLE LOOP HOT LEG SEGMENT 2
OF 4

210 BRANCH HORIZ SINGLE LOOP HOT LEG SEGMENT 3

®

215 BRANCH ANGLE SINGLE LOOP HOT LEG SEGMENT 4
OF 4

220 BRANCH +90 SINGLE RSG INLET PLENUM

225 PIPE +90/-90 SINGLE RSG PRIMARY TUBES (8
SEGMENTS)

230 BRANCH -90 SINGLE RSG OUTLET PLENUM

225 BRANCH ANGLE SINGLE RSG COLD LEG SEGMENT 1
OF S

240 BKANCH =90 SINGLE RSG COLD LEG SEGMENT 2
OF 5

245 BRANCH ANGLE SINGLE RSG COLD LEG SEGMENT 3
OF 5

250 BRANCH HORIZ SINGLE RSG COLD LEG SEGMTINT 4
oF §

255 BRANCH ANGLE SINGLE RSG COLD LEG SEGMENT 5

®
260 PUMP : ANGLE SINGLE LOOP RC PUMP
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TABLE 6.2. RELAPS RSG PLANT STEAM LINE BREAK
(LOW POWER) MODEL NODE & JUNCTION ‘

RESCRIPTION (CONT'D)

SINGLE LOOP HOT AND COLD LEGS
i —AXEE QRIENTATION RESCRIPTION

265 BRANCH HORIZ SINGLE PUMP COLD LEG SEGMENT 1
OF 4

270 BRANCH HORIZ2 SINGLE PUMP COLD LEG SEGMENT 2
OF 4

271 MTRVLV SINGLE LOOP LOCA VALVE

275 BRANCH HORIZ SINGLE PUMP COLD LEG SEGMENT 3
OF 4

280 BRANCH HORIZ SINGLE PUMP COLD LEG SEGMENT 4
OF 4

TRIPLE LOOP HOT AND COLD LEGS
= B . QRIENTATION RESCRIPTION

100 BRANCH HORIZ TRIPLE LOOP HOT LEG SEGMENT 1
OF 4

105 BRANCH HORIZ TRIPLE LOOP HOT LEG SEGMENT 2
OF 4

1.0 BRANCH HORIZ TRIPLE LOOP HOT LEG SEGMENT 3
OF 4 -

118 BRANCH ANGLE TRIPLE LOOP HOT LEG SEGMENT 4
OF 4

120 BRANCH +90 TRIPLE RSG INLET PLENUM

125 PIPE +90/-90 TRIPLE RSG PRIMARY TUBES (8
SEGMENTS)

130 BRANCH =90 TRIPLE RSG OUTLET PLENUM

135 BRANCH ANGLE TRIPLE RSG COLD LEG SEGMENT 1
OF 5

140 BRANCH =90 TRIPLE kSG COLD LEG SEGMENT 2
OF 5




TABLE 6.2.

RELAPS RSG PLANT STEAM LINE BREAK

(LOW POWER) MODEL NODE & JUNCTION

TRIPLE LOOP HOT AND COLD LFGS

. . s .
145 BRANCH
150 BRANCH
155 BRANCH
160 PUMP

165 BRANCH
170 BRANCH
175 BRANCH
180 BRANCH
PRESSURIZER
B v ¢ -
400 BRANCH
410 PIPE

415 TMDPIUN
420 TMDPVOL

FILL SYSTEMS

e
910

911

. ¢ )
TMDPVOL

TMDPJUN

QRIENTATION
ANGLE

HORIZ
ANGLE

HORIZ

HORIZ

HORIZ

HORIZ

DRESCRIPTION (CONT'D)

RESCRIPTION

TRIPLE RSG COLD LEG SEGMENT 3

OF 5

TRIPLE .,RSG COLD LEG SEGMENT 4

OF 5

TRIPLE RSG COLD LEG SEGMENT 5

OF §
ANGLETRIPLE

TRIPLE PUMP
OF 4

TRIPLE PUMP
OF 4

TRIPLE PUMP
OF 4

TRIPLE PUMP
OF 4

RESCRIPTION
PRESSURIZER

PRESSURIZER
PRESSURIZER

PRESSURIZER

RESCRIPTION
TRIPLE LOOP

LOOP RC PUMP
COLD LEG SEGMENT 1

COLD LEG SECMENT 2

COLD LEG SEGMENT 3

COLD LEG SEGMENT 4

SURGE LINE
(8 SEGMENTS)
SAFETY VALVE
STEAM SINK

SAFETY INJECTION

TANK (ECCS HIGH PRESSURE INJ)

TRIPLE LOOP

SI FLOW CONTROL




TABLE 6.2. RELAPS RSG PLANT STEAM LINE BREAK
: (LOW POWER) MODEL NuOE & JUNCTION ‘

RESCRIPTION (CONT'D)

FILL SYSTEMS

sl —IXRE QRIENTATION RESCRIPTION
930 TMDPVOL SINGLE LOOP SAFETY INJECTION
TANK (ECCS HIGH PRESSURE INJ)

931 TMDPJUN SINGLE LOCP SI FLOW CONTROL




7. COMPARATIVE ANALYSES

The purpose of the comparative analyses presented in this section
is to show that the method to be used by B&W to apply RELAPS in
safety analyses of recirculating steam generator (RSG) plants is
valid. The approach is straightforward: A representative plant
model, in this case based upon the Westinghouse four-loop design,
is used to perform RELAPS analyses of a selection of limiting
safety analysis transients as presented in plant Safety Analysis
Reports. The RELAPS analyses incorporate the same assumptions
and boundary conditions as those performed for the SAR’s, and the
results are directly comparable to the SAR results. The validity
of the B&W model and application is demonstrated when the results
obtained using essentially identical inputs and assumptions are
in agreement with those produced by methods that have been
reviewed and accepted for the same applications.

The Safety Analysis Report data used in these comparisons were
taken from four sources: the Catawba, McGuire, and Trojan FSAR’s
(References 1-4) and the Westinghouse RESAR (Reference 5). The
purpese in comparing the B&W model to a variety of results is
twofold: First, the SAR results will differ among themselves
because of significant differences in methods, assumptions used
in the analyses, or boundary conditions. When these significant
differences in inputs or assumptions are included in the RELAPS
analyses, the effects upon the results can be compared to the SAR
results. Second, the comparison of results from several RSG
plants shows the transient results are not sensitive to minor
changes in plant parameters. The B&W modeling approach using



RELAPS can thus be shown to be broadly applicable for licensiug
cases. '

Plant parameters for the four reference SAR’s and for the B&W
plant model are presented for comparison in Table 7.0.1. Tables
7.0.2.A through 7.0.2.D list the significant transient analysis
‘assunmptions wused in each of the analyses. Examples of
differences among the analyses and plants are the tripped rod
insertion times assumed for the SAR cases and the steam generator
designs. The Trojan and RESAR analyses were done with 2.2
seconds to 85 percent insertion tripped rod worth whereas the
Catawba cases used 3.05 seconds and the McGuire analyses either
3.3 seconds or 2.7 seconds to 85 percent insertion. As will be
shown, these differences have a noticeable effect upon the
results.

Comparative analyses were performed for five transients:

75 pcm/sec Rod Withdrawal (Full Power)
Four Pump Coastdown (Full Power)
3. Turbine Trip (Full Power)
Locked Rotor (Full Power)
Steam Line Break (Low Power).

The bases for thie selection of these transients is presented in
Section 4. In order to provide detailed comparison of the B&W
model results to the SAR results for the four plants, the SAR
results were digitized (where possible) and the SAR results were
normalized to the B&W model results. It should be noted that B&W
calculations presented for or designated by particular plant
names are specific to those plants gnly in terms of selected
assumptions and parameters used in the analyses. The plant model
used is a single, generic model not specific to any one of these
plants.




7.0.1. Plant Characteristics and Initial Conditions
——hEsumed in the Accident Analvsis

For all accidents nominal values of initial conditions were used.
Table 7.0.1 lists the values of the pertinent parameters for the
B&W application model and the four plants that were used for
comparison. The initial power level for the B&W model was 3411
MWt plus 2%, for a total of 3479 Mwt. Wwhen the DNBR was
calculated the following conservative steady state errors were
assumed in the DNBR analysis;

1. Core power + 2 percent allowance for
calorimetric error

2. Average reactor coolant +4 F allowance for cecntroller
system temperature deadband and measurement error
3. Pressurizer pressure =30 pounds per sqguare inch

(psi) allowance for steady
state fluctuations and
measurement error

§.0.4 s D4 : .

The transient response of the reactor system is dependent on the
initial power distribution. The nuclear design of the reactor
core minimizes adverse power distributions through operating
instructions and the placement of control rods. Power
distribution may be characterized by the radial factor (F,y) and
the totzl peaking factor (Fp). The peaking factor limits are
given in the Technical Specifications.

For transients which may be DNB limited, the radial peaking
factor is of importance. The radial peaking factor increases

with decreasing power level due to rod insertion. This increase

7=3



in Fuq is included in the core limits. All transients that may

be DNB limited are assumed to begin with a F,y consistent with .
the initidl power level defined in the Technical Specifications.

For the full power cases a F,y of 1.38 and a Fg of 2.38 were used

as shown in Table 7.0.1.

7.0.3. Reactivity Coefficients Assumed in
—the Accident Analyvses

The transient response of the reactor system is dependent on
reactivity feedback effects, in particular the moderator
temperature coefficient and the Doppler power coefficient. In
the analysis of certain events, conservatism regquires the use of
large reactivity coefficient values, whereas in the analysis of
other events, conservatism requires the use of small reactivity
coefficient values Tables 7.0.2.A, 7.0.2.B, 7.0.2.C, and
7.0.2.D list the reactivity coefficients used in the transients.
Figure 7.0.1 shows, as functions of power, the upper and lower
bound Doppler power coefficients used in the transient analysis.
In some cases conservative combinations of parameters are used to
bound the effects of core life, although these combinations may
not represent possible realistic situations.

The B&W analysis was done using the initial value of the Doppler
or moderator feedback coefficient throughout the transient. The
SAR analysis was done with a variety of reactivity feedback
methods. Reference 8 states there are three possible methods of
using the Doppler coefficient. Most SARs show curves of Doppler
power coefficient versus power level and moderator temperature
coefficient versus average RCS temperature change. In most SARs
a moderator density coefficient is presented, however in the
McGuire SAR only a moderator temperature coefficient is presented
when a pesitive moderator coefficient is used. The effect of
this variety of Doppler and moderator coefficient feedback
methods is to produce variations in the post trip neutron power




versus time curves for the different transients. This variation
shows up as a slight difference in results between RELAPS and the
SAR, because the RELAPS analysis was done using the initial value
of the Doppler or moderator feedback covefficient throughout the
transient. The analysis comparisons show the B&W method is
conservative.

7.0.4. Rod Cluster Control Assembly
—Insertion Characteristics

The negative reactivity insertion following a reactor trip is a
function of the position versus time characteristic of the rod
cluster control assemblies and of the variation in rod worth as a
function of rod position. With respect to accident analyses, the
critical parameter is the time of insertion up to the dashpot
entry, approximately 85 percent of the rod cluster travel. The
rod cluster control assembly position versus time characteristic
assumed in the accident analyses is shown in Figure 7.0.2 for
Trojan, RESAR, Catawba, and McGuire. The rod cluster control
assembly insertion time to dashpot entry is taken as 2.2 seconds
for Trojan/RESAR, 3.05 seconds for Catawba and 3.3/2.7 seconds

for McGuire. The 2.7 seconds to 85% insertion for McGuire was
used with the four pump coastdown and locked rotor flow coastdown
transients. Real drop times are dependent on the type of rod

cluster control assemblies actually used in the plant, whether
Ag-In-Cd or B4C. However, accidents are conservatively analyzed
using the longer drop time.

Figure 7.0.3 shows the fraction of total negative reactivity
insertion versus normalized rod position for a core where the
axial distribution is skewed to the lower region of the core for
Trojan, RESAR, Catawba, and McGuire. An axial distribution which
is skewed to the lower region of the core can arise from an
unbalanced xenon distribution. This curve is used to compute the
negative reactivity insertion versus time following a reactor



trip, which is input to all point kinetics core models used in

transient analyses. The bottom skewed power distribution itself
is not input into the pcint kinetics core model.

There is inherent conservatism in the use of the curves in Figure
7.0.2 for Trojan, RESAR, Catawba, and McGuiis in that they are
based on a2 skewed flux distribution which would exist relatively
infrequently. For cases other than those associated with
unbalanced xenon distributions, significant negative reactivity
would have been inserted due to the more favorable axial
distribution existing prior to trip.

The normalized rod cluster control assembl)y negative reactivity
insertion versus time is shown in Figure 7.0.4 for Trojan, RESAR,
Catawba, and McGuire. The curves shown in this figure were
obtained from Figure 7.0.2. A total negative reactivity
insertion following a trip of 4 percent ak/k is assumed in the
transient analyses except where specifically noted otherwise.
This assumption is conservative with respect to the calculated
trip reactivity worth available. Figure 7.0.5 shows the
reactivity versus time for these four cases. The Trojan, Catawba

and McGuire curves were used for all of the B&W model analyses.

The normalized rod cluster control assembly negative reactivity
insertion versus time curve for an axial power distribution
skewed to the bottom (Figure 7.0.4) is used in those transient
analyses for which a point kinetics core model is used.

Where special analyses require use of three dimensicnal or axial
cne dimensional core models, the negative reactivity insertion
resulting from the reactor trip is calculated directly by the
reactor kinetics code and is not separable from the other
reactivity feedback effects. In this case, the rod cluster




control assembly position versus time of Figure 7.0.2 is used as
code input.

7.0.5. Trip Points and Time Delays to Trip
—hesumed in Accident Analvses

A reactor trip signal acts to open two trip breakers connected in
series feeding power to the control rod drive mechanisms. The
loss of power to the mechanism ccoils causes the mechanisms to
release the rod cluster control assemblies which then fall by
gravity into the core. There are various instrumentation delays
associated with each trip function, including delays in signal
actuation, in opening the trip breakers, and in the release of
the rods by the mechanisms. The total delay to trip is defined
as the time delay from the time that trip conditions are reached
to the time the rods are free and begin to fall. Limiting trip
setpoints assumed in accident analyses and the time delay assumed
for each ¢trip function are given in Table 7.0.3. Further
information about Reactor Protection Setpoints is given 1in
Section 5.2

The difference between the limiting trip point assumed for the
analysis and the nominal trip point represents an allowance for
instrumentation channel error and setpoint error. Nominal trip
setpoints are specified in the plant Technical Specifications.
During plant startup tests, it is demonstrated that actual
instrument time delays are equal to or less than the assumed
values. Additionally, protection system channels are calibrated
and instrumentation response times are determined periodically in
accordance with the Technical Specification.



7.0.6. Instrumentation Drift and Calorimetric Errors ==

—bRWer Range Neutron Flux

The instrumentation drift and calorimetric errors used in
establishing the power range high neutron flux setpoint are
presented in Table 7.0.4.

The calorimetric error is the error assumed in the determination
of core thermal power as obtained from secondary plant
measurements. The total ion chamber current (sum of the top and
bottom sections) is calibrated (set equal) to this measured power
on a periodic basis.

The secondary power is obtained from measurements of feedwater
flow, feedwater inlet temperature to the steam generators, and
st2am pressure. High accuracy instrumentation is provided for
these measurements with accuracy tolerances much tighter than
those which would ke required to control feedwater flow.

7.0.7. ¢ sadas fbiiiang

The RELAPS5/MOD2 computer code (Reference 6) was used for the B&W
evaluation model. The RELAPS/MOD2 code is a best-estimate
transient simulation of pressurized water reactors and associated
systenms. The modeling capability includes postulated accident
simulation for large and small break loss-of-coolant accidents as
well as operational transients such as anticipated transients
without SCRAM, loss~-of-offsite power, loss of feedwater, and loss
of flow. A generic modeling approach is utilized which permits
as much of a particular system to be modeled as necessary.
Control system and secondary system components are included to
permit modeling of plant controls, turbines, condensers, and
secondary feedwater conditioning systems.




The computer codes eguivalent to RELAPS5 used by Westinghouse for
the transients to be compared were LOFTRAN (References 7 and 8)
or MARVEL (Reference 9). A major difference in the computer
codes is the use of only a single radial fuel node in LOFTRAN.
For these comparisons the B&W model was changed to a single
radial fuel node model, however for future <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>