2o
‘j,(ﬂ ﬂgearcé ann/%/ /e_—c//mco/ /%f" 74"" 47‘ EGG-NTAP-6030

September 1982

‘ BEST ESTIMATE ANALYSIS OF A LARGE BREAK LOCA IN A

RESAR-3S PRESSURIZED WATER REACTOR

C. A. Dobbe

Idaho National Engineering Laboratory
Operated oy the U.S. Department of Energy

This is an informal report intended for use as a preliminary or working document

Prepared for the
U.S. NUCLEAR REGULATNRY CAMMISSION
Under DOE Contract No. DE-ACO7-761D01570

FIN No. A6468 OHQ EGeG ...

3211020013 820930
PDR RES
8211020013 PDR




N EGEG ... ..

FORM £ GAG W8
Rev 01 82)

INTERIM REPORT

Accession No

Ropon No EGG‘NTAP‘6030

Contract Program or Project Title: NRC Technical Assistance Program Division

Subject of this Document: Best Estimate Analysis of a Large Break LOCA in a
RESAR-3S Pressurized Water Reactor

Type of Document: Technical Report
Author(s): C. A. Dobbe
Date of Document: September 1982

Responsibl2 NRC Individual and NRC Office or Division: J. Gut*mann, NRC-DSI

This document was prepared primarily for prehiminary or internal use. It has not received
full review and approval Since there may be substantive changes. this document should
not be considered final

EGA&G ldaho, Inc
ldaho Falls. ldaho 83415

Prepared for the
U.S. Nuclear Regulatory Commission
Washington, D.C
Under DOE Contract No. DE-AC07-761D01570
NRC FIN No. _A6468

INTERIM REPORT



ABSTRACT

An analysis was performed to determine the consequences resulting from

a large cold leg break loss-of-coolant accident in a Westinghouse RESAR-3$

nuclear steam supply system. The TRAC-PD2 computer code was used to
calculate the effects of the large cold leg break assuming best estimate
plant initial and boundary conditions. Results of the calculation were
compared to the limiting large break Westinghouse licensing analysis to
verify and quantify the conservatisms inherent in licensing analyses. The
compari:ons show a high degree of conservatism present in licensing

assumptions and analytical techniques.

FIN No. A6468--RESAR-3S "Most Probable" Best Estimate
LOCA Analyses in Support of FSAR Reviews



SUMMARY

An analysis was performed to determine the consequences resulting from
a large break loss-of-coolant accident in a Westinghouse RESAR-3S nuclear
steam supply system. The analysis was performed with the TRAC-PD2 computer
code assuming best estimate initial and boundary conditions. Results of
the analysis were compared to the Westinghouse licensing analysis of the
limiting large break to verify and quantify the conservatisms inherent in

licensing analyses.

The large break analysis performed with the TRAC-PD2 computer code
considered a 200% double-ended offset shear of a cold leg pipe. The
calculation was terminated after 50.& s of the transient. The reactor
vessel voided during blowdown and wis refi)led by 45 s. Core wide cladding
surface temperature heatup was calculated to occur during the initial 2.5 s
of the transient with a predicted core wide rewet away from the high power
regions of the core predicted between 2.5 and 5 s. The calculated peak
cladding temperature of 1085°F was calculated to occur 2.5 s after the
break and complete quenching of the core was calculated to occur 46 s after

break.

Comparisons to the Westinghouse licensing analysis showed a high
degree of conservatism in the assumptions used for licensing analysis.
Lower core flow, higher peak power, and higher stored energy in the
Westinghouse analysis resulted in calculated peak cladding temperatures
987°F higher than predicted by the TRAC-PD2 analysis. The peak temperature
in the Westinghouse calculation occurred at 155 s after the break which was

during the reflood phase of the transient.
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BEST ESTIMATE ANALYSIS OF A LARGE BREAK LOCA IN A RESAR-3S
PRESSURIZED WATER REACTOR

INTRODUCTION

Present requirements for determining the acceptability of emergency

core cooling (ECC) systems in light water reactors during postulated
loss-of-coolant accidents {LOCA) incorpor~ste conservatisms develioped to
bound the uncertainties in the analytical methodology used. These
conservatisms are codified in 10 CFR 50.46 and Appendix K to 10 CFR Part 50
and require conservative analytical methodology and "worst case" operating
conditions, protective system failures, and break geometry. The following
report documents one part of an overall effort by the Nuclear Regulatory
Commission (NRC) to verify and quantify the conservatisms inherent in the
requirements of 10 CFR 50.

This report documents the results of a postulated double-ended cold

leg guillotine break (DECLG) LOCA analysis in a Westinghouse pressurized

‘ water reactor (PWR) assuming most probable operating parameters and
utilizing state-of-the-art analytical methodology. T'he PWR design selected
was the Westinghouse RESAR-3S nuclear steam supply system (N3SS).
Westinghouse supplied as-built drawings and plant data were used to
construct computer models representing the "bast-estimate" of actual system
geometry and operating conditions. The computer code selected for the
analysis was the TRAC-PD2 computer code2 developed 2t !los Alamos National
Laboratory. Section 2 of this report contains a deta:led description of
the TRAC-PD2 computer code and justification for its use as an advanced
best-estimate analytical tool.

. A description of the RESAR-3S NSSS and the DECLG LOCA assumed are
presented in Section 3. Details of the TRAC-PD2 nodalization used to
represent the RESAR-3S system are given in Section 4 along with the user
defineable options of the TRAC-PD2 computer code selected for the
analysis. The results of both steady state and transient analysis are
presented in Section 5. Qualitative and quant.tative comparisons to the

‘ limiting licensing analysis performed by Westinghouse under the guidelines



of 10 CFR 50 are also presented in Section 5. Section 6 cdetails the
conclusions reached concerning the TRAC-PD2 analysis and the comparisons ‘

made to the Westinghouse licensing analysis.



2. COMPUTER CODE DESCRIPIION

The basic computer code used for the RESAR-3S DECLG break LOCA
analysis was TRAC-PDZ/MODI.2 identified as Version,27.0, with updates.
Version 27.0 corresponds to the most recent released version and is
currently being used for independent assessment at Los Alamos Nationa)
Laboratory (LANL). TRAC is an advanced best-estimate computer ccde
developed at LANL for the analysis of postulated accidents in 1ight water
reactors. The TRAC-PD2 version provides analytical capability for PWRs and
scaled thermal-hydraulic experimental facilities. The code features a
three dimensional treatment of the pressure vessel with one-dimensional two
fluid treatment of the associated piping. The code also features a reflood
tracking capability for bottom reflood and falling film quench front. The
code alsc has the capability to generate a consistant set of initial
conditions. A complete description of the thermal-hydraulic models and
numerical solution methods used in the code along with cetailed programming
and user information are given in Reference 2. A listing and description
of the updates used for the subject analysis are presented in Appendix A.

The TRAC-PD2 computer code was determined to be the most appropriate
computer program for the best-estimate analysis of the consequences
resulting from a DECLG LOCA. The codes ability to provide a consistant
treatment of the entire accident sequence utilizing two-phase
nonequilibrium numerics made it the only advanced code with demonstrated
capability of evaluating a large break transient through blowdown and
reflood. Independent assessment results indicates that the TRAC-PD2
computer code can predict peak clad temperatures in a large break LOCA
within accuracy limits of +#144°F (two standard deviations).3 The
assessment work involved comparisons with fifteen different integral
systems tests simulating blowdown, reflood and full LOCA scenarios.
Finally, the multi-dimensional calculational capability in the pressure
vessel allowed detailed analysis of emergency core cooling bypass and
penetration as well as asymmetric core thermal-hydraulic phenomena.



3. SPECIFICATION OF ANALYSIS

The following sections of the report present details of the RESAR-3S
plant as modeled and the DECLG LOCA scenario assumed. Where appropriate,
comparisons to the Westinghouse licensing analysis of the DECLG LOCA are
presented.

3.1 RESAR-3S System Description

The RESAR-3S NSSS is a Westinghouse pressurized water reactor design
consisting of a pressure vessel containing the nuclear fuel and four closed
reactor coolant loops connected in parallel to the pressure vessel. Each
loop contains a reactor coolant pump, steam generator, and emergency core
cooling systems (ECCS) with one loop connected to an electrically heated
pressurizer. The reactor coolant pumps are Westinghouse vertical,
single-stage, centrifugal pumps of the shaft-seal type. The steam
generators are Westinghouse vertical U-tube units containing inconel tubes.

The nuclear core consists of 193 fuel assemblies each containing
264 fuel pins in a 17 x 17 matrix. The core uses multi-region loading with
an initial loading pattern utilizing three fuel enrichments arranged to
achieve an optimum power distribution. Reactor control is accomplished
with absorber rod cluster assemblies connected to top mounted drive
assemblies moving within guide tubes in selected fuel assemblies.

Table 1 summarizes the initial operating conditions assumed for the
RESAR-3S plant. The best-estimate values were used for the TRAC-PD2
analysis. These values were taken from Westinghouse plant library data and
represent best estimate steady state plant parameters. The values listed
for the Westinghouse licensing calculation wore derived from analytical
results in the form of graphice] data. This data was transmitted to INEL
from Westinghouse and represents the most recen: Westinghouse limiting
large break licensing analysis. The axial power distribution used for the
TRAC-PDZ analysis is presented in Table 2. The Westinghouse licensing
analysis assumed a chopped cosine distributionr with an axial peaking factor
of 1.45.






TABLE 2. INITIAL AXIAL POWER DISTRIBUTION FOR THE RESAR-3S NSSS

Elevation
(ft above bottom of active fuel) Normalized Power
0.00 0.27
1.20 0.97
2.40 1.13 v
3.60 1.19
4.80 1.19
6.00 1.19
7.20 1.18
8.40 1.14
9.60 1.10
10.80 0.91
12.00 0.22




3.2 Transient Sequence of Events

The sequence of events fcllowing a postulated DECLG LOCA are presented
in this section. Differences between the Westinghouse licensing analysis
and the subject TRAC-PD2 analysis are identified where applicable.

The system was assumed to be in an equilibrium condition at the
beginning of the LOCA. As discussed in Section 3.1, the two analyses
differ in assumed initial operating conditions. At the inception of the
break, the Westinghouse licensing analysis assumed loss of offsite power
and, consequently, trip of the reactor coolant pumps. The TRAC-PD2
analysis assumed offsite power was available and the primary coolant pump
motors remained energized. Within the first few seconds of the blowdown,
the reactor trip signal was generated on high pressurizer pressure and the
safety injection (SI) signal was generated on high containment pressure.
The TRAC-PD2 analysis assumed an additional 1.5 s SI signal processing time
delay prior to enabling pumped safety injection. The loss of offsite power
in the Westinghouse licensing analysis delayed safety injection pump
startup by the 20 to 30 s required to establish onsite diesel generator

power.

The SI signal also actuated a feedwater isolation signal which
isclated normal feedwater flow by closing the main feedwater isolation
valves. The high containment pressure condition that generated the SI
signal also signaled main steamline isolation via closure of the main steam
line isolation valves. The TRAC-PD2 analysis assumed the feedwater and
steamline isolation signals were received simultaneously and that both
valves clese linearly on 5.0 s ramps. The Westinghouse licensing
assumptions concerning feedwater and steamline isolation indicated
secondary side isolation within 5 s after the break in the Westinghcuse
licensing analysis. The feedwater isolation signal initiates emergency
feedwater flow by starting the auxiliary feedwater pumps. The TRAC
analysis assumed auxiliary feedwater flow was available 28 s after SI
signal initiation. The Westinghouse licensing analysis also assumes

auxiliary feedwater flow availability.




When the primary coolant system depressurized below 600 psia
accumulator injection began in both analysis. The TRAC-PD2 analysis set
the accumulator water level at its nominal level whereas the Westinghouse
licensing analysis selected the minimum operating level (see Table 1).
After the accumulators empty, long term cooling was supplied by ECCS pumps
utilizing the refueling water storage tanks (RWST) and containment sumps
for water supply. Supply water temperature used in the TRAC-PD2 analysis
was initially set at 60°F, the average value of RWST temperature. The
temperature was changed during the transient for reasons discussed in
Section 5.2. ECCS temperature for the Westinghouse licensing analysis was
90°F for the accumulator and 50°F for the refueling water storage tank,
used as the source for pumped ECCS.

During the postulated LOCA, the core power was derived from decay
heat. The TRAC-PD2 analysis assumed decay heat based on 90% of the ANS 73
model (see Appendix B). The Westinghouse licensing analysis assumed decay
heat based o/ 120% of the ANS 73 model.



4. TRAC-PD2 INPUT MODEL
The TRAC-PD2 nodalization scheme developed and the user-selected code
options used for the RESAR-3S DECLG LOCA analysis are described in this

section. The model was developed under the guidelines given in Appendix C.

4.1 Nodalization Scheme

The steady state nodalization for the RCSAR-3S plant deck consisted of
four separate coolant loops and a vessel. The coolant loops were
represented by 66 one-dimensional components containing 261 computational
cells as illustrated by Figure 1. The four coolant loops are identical
with additional components representing the pressurizer and surge line
attached to the loop designated as the pressurizer loop (note also the
replacement of the hot leg PIPE component in the pressurizer loop with a
TEE component to provide a connection for the pressurizer). One of the

non-pressurizer loops was arbitrarily selected to be the broken loop.

Each steam generator was a Westinghouse F-type design and was modeled
with six components representing a feedwater source, downcomer, boiler
region, steam separator, steam line, and pressure boundary. The boiler
region was modeled with a STGEN component representing the tube bundle
(primary and secondary side) and primary inlet and outlet plena. The
Jowncomer region and the steam separator regions were both modeled by TEE
components with the side tubes connected to allow for recirculation flow.
The steamline was modeled with a VALVE component connected to a BREAK
component for secondary side pressure control. A FILL component provides

feedwater flow to the secondary side downcomer.

The primary coolant pumps were Westinghouse Model 93A and were each
modeled with a two cell PUMP component. Westinghouse supplied data were
used for single phase and fully degraded two phase input for the normal
pump and normal turbine portions of the homologous head and torgque curves.
Semiscale pump data4 were used to extend the fully degraded data into the
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energy dissipation quadrant of the homologous curves. The RESAR-3S pumps
are designed with reverse locks ' :cluding the need for reverse pump

quadrant data.

The emergency core cooling system (ECCS) simulation for each loop
consists of an accumulator (ACCUM component), accumulator injection line
(VALVE component and TEE component between accumulator and cold leg) and
pumped ECCS systems (two FILL components connected to a TEE component
connected via side legs to the accumulator injection line TEE component).
The pumpes ECCS systems included charging and residual heat removal systems
modeled as one mass flow as a function of pressure FILL component and the
safety injection system modeled as the second mass flow as a function of
pressure FILL component. Charging and residual heat removal systems were
combined since the actuation and delay times were the same for those two
systems for the postulated DECLG LOCA analysis. The mass flow as a
function of pressure data used represented best estimate pump flow data
with a flow division between the intact loops and the broken loop based on
the broken loop ECC line spilling to 40 psia containment backpressure. The
flow split between the intact loops and broken loop reflects the fact that
the ECCS ports are tied together by common header: making the flow
dependent not only on the injection point pressure but also on the pressure

differential between loops.

Wall heat transfer from the primary coolant pipe wall to the fluid was
calculated for all primary piping except the ECCS systems. Three
conduction nodes were used in the pipe wall with the outer surface assumed

insulated.

The pressure vessel nodalization is shown schematically in Figure 2.
The nodalization utilized a VESSEL component containing 15 axial levels,
three radial rings, and four azimuthal segments yielding
180 three-dimensional computational cells and 12 nested PIPE components
containing 40 one-dimensional computational cells. The boundary between
the inner two radial rings bisect the radial dimension between the vessel
centerline and the outer surface of the core barrel. Two rings were
selected for accurate representation of the core region radial power

11
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definition. The outer ring included the volume between the outer surface
of the core barrel and the inner surface of the pressure vessel at its
widest dimension. The azimuthal segments each represent a 90° section of
the vessel. Four azimuthal segments were required to allow source
connections to the four primary coolant loops.

The axial segmentation was selected to delineate dissimilar geometric
regions within the pressure vessel and to provide accurate representation
of regions where thermal stratification or non-uniform fluid behavior are
anticipated. The lower plenum region was represented by Levels 1
through 3. The top of Level 1 corresponded to the intersection of a
vertical projection from the outside of the core barrel and the pressure
vessel. The top of Level 2 was placed at the bottom of the downcomer.
Level 3 terminated at the bottom of the fuel pins and constituted the core

inlet.

The core height was defined as the length of the fuel pins and
included Level 4 through Level 9. The levels split the core into six equal
axial volumes. The volume between the core barrel and the baffle plates
(referred to as the "core bypass") was represented by four PIPE components
connecting Level 3 to Level 10 at each azimuthal segment of the outer core
ring. The four core bypass components represented the flow path for all
identified core bypass flow except spray nozzle flow for upper head cooling
which was explicity modeled. Core bypass includes control rod guide
thimble flow, leakage around the hot leg nozzles, flow through the
barrel-baffle region, and flow in the gaps between peripherial fuel

elements and the adjacent baffle wall.

The upper plenum was modeled with three levels. Level 10 included the
voiume between the top of the fuel pins and the bottom of the hot leg
nozzle. The height of Level 11 was set equal to the inside diameter at the
hot leg nozzle. Level 12 included the volume between the top of the hot
leg nozzle and the horizontal centerline of the upper support plate. The
upper support plate is a flow barrier between the upper plenum and the
upper head and is penetrated only by the control rod guide tubes.

13



The upper head was modeled with three levels. Level 13 included the
region above the upper support plate centerline and below the downcoaer
ledge. The volume between the cowncomer ledge and the top of the guide
tubes was modeled with Level 14. The remainder of the upper head was
represented by Level 15.

The flow between the upper head and the upper plenum was modeled with
the guide tube pipe components. One pipe component was modeled for each of
the eight segments in the inner two rings. Each pipe component
geometrically modeled all of the guide tubes that pnysically exist in that
segment. The guide tubes connect the upper head at the bottom of Level 15
to the upper plenum at the top of Level 10.

The spray nozzle flow is physically accomplished through 32 spray
nozzles penetrating the downcomer ledge. The nozzles were modeled by
inputting an upper face flow area equivalent to eight nozzles at the top of
Level 13 in Ring 3 in each of the four azimuthal sections.

Heat transfer in the pressure vessel included both sensible heat from
interna’ metal mass and heat generation from nuclear fuel. The sensible
heat was modeled with the lumped parameter heat slab option available for
VESSEL components. A 2 cm effective thickness was used for calculating
volumes of the various structures for heat transfer purposes. This
effective thickness is recommended by LANL for transients of approximately
60 s. Since TRAC-PD2 only allows one material to be specified for the
lumped parameter model, all internals were assumed to be 304 stainless

steel, the predominanent material in the pressure vessel.

The nuclear fuel model developed was based on Westinghouse
17 x 17 standard fuel assemblies assuming cold clean dimensions (see
Appendix B). The fuel pins were represented by seven conduction nodes in
the fuel, one node in the gap, and two nodes in the cladding. The total
number of fuel pins in each section of the core was modeled with a single
fuel rod yielding eight rods transfering heat into the vessel. The

innermost ring, modeling the hot channel of the core, contained an

14




additional computational "hot pin" in each azimuthal segment which
represented the highest power pin (radially) in the core. These
computational fuel rods do not feed back directly to the fluid-dynamics
analysis but, instead, utilize the local fluid conditions to obtain rod
temperature histories. The radial power profile was set to the values
specified in Appendix B.

The broken loop cold leg nodalization was modified at the initiation
of the transient to represent a double-ended offset shear break. The break
was assumed to occur at the biological shield downstream of the ECCS
injection port 9 ft from the cold leg nozzle. The broken loop ¢n21d leg was
split into TEE component 46, containing 16 computational cells representing
the pump side of the break, and PIPE component 56, containing
15 computional cells representing the vessel side of the break. Two BREAK
components, 97 and 98, were added to represent containment back pressure on
the vessel side and pump side of the break, respectively. The nodalization
is shown schematically at the bottom of Figure 1.

4.2 Code Options

The following user defineable options of the TRAC-PD2 computer code
were used for the RESAR-3S DECLG LOCA analysis. These options are

recommended for use in Reference 2.

1. Wall friction was calculated with the homogeneous friction factor
option (NFF=1). Abrupt area changes at the reactor vessel
nozzles, pump inlet and outlet, steam generator inlet and outlet
plenna, steam generator tube sheet inlet and outlet, steam
separator internal junctions, and accumulator outlet utilized the
automatic calculation of form=loss based on sharp-edge area
change in addition to the homogeneous friction factor model
calculated wall friction (NFF=-1)

15




The semi-implicit flow equations (IHYDRO=0) were used in all
one-dimensional components for the steady state calculations.
The fully implicit finite difference equations (IHYDRO=1) were
specified for the broken loop cold leg components as nodalized
for the transient calculation to accomodate the high velocities

encountered near the break during blowdown.

The air-water option was set to treat all gas in the system as

water vapor (IE0S=0).

Homogeneous nucleation minimum stable film boiling temperature
was selected (ITMIN=0).

The TRAC-PD2 water packing option was used for the transient
calculation (IPAK=1).

The CHF calculation was performed for all components (ICHF=1).
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5. ANALYTICAL RESULTS
The following sections dccument the results of the TRAC-PD2 steady
state and transient calculations and provide comparisons between the

TRAC-PD2 and Westinghouse licensing calculational results.

5.1 TRAC-PD2 Steacy State Analysis

A steady state calculation was run using the nodalization presented in
Section 4.1 and the generalized steady state option in TRAC-PD2. The code
version used was Version 27.0 with the updates identified in Appendix A as
TKVALVE and GEO. The calculation was run for 83.2 s requiring 0.65 cpu
hours on a CDC 7600C.

The hot and cold leg fluid tempera.ures are shown in Figures 3 and 4,
respectively. The temperatures converged by 60 s at 619.1°F in the hot leg
and 559.3°F in the cold leg. The core inlet mass flow rate, shown in
Figure 5 converged at a steady state value of 36,697 1bm/s within 50 s.

The flow out of the pressurizer surge line converged at 0.0 1bm/s by 70 s

as shown in Figure 6.

Steady state pressure histories for the core and the steam generator
secondaries are shown in Figures 7 and 8, respectively. The core pressure
converged by 45 s to a steady state value of 2287 psia. The steam
generator secondary pressure at the steam separator converged by 60 s to a

va'ue of 992.6 psia.

The steady state fuel pin radial temperature profile at the hot spot
is shown in Figure 9 compared to the desired values presente