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SUMMARY ‘II"

This document contains a pretest analysis of the Semiscale Mod-3
system thermal-hydraulic response for the first test in the small
break test series (Tes® S-5B-2). This test series was designed to be
compatihle with small break 1nss-of-coolant experiments defined for
the Loss-of-Fluid Test (LOFT) Program and computer code calculations
performed by the Code Assessment and Applications Program to predict
pressurized water reactor (PWR) system behavior dur®-~ a small break
loss-of-coolant accident (LOCA). Results of the Semiscale small hreak
tests will be used to investigate scaling effects pertinent to LOFT
and Semiscale and to assess analytical models used in the computer
codes.

Test S-SB-?2 is an integral small break loss-of-coolant test
associated with *“e Semiscale small break test series. The primary
objective of Test -SB-2 is to provide information on the natural
circulation phenomena and the potential for core urcovery which may .
result from the slow depressurization during a small break in the
primary cold leg pipe near the vessel for the case where high pressure
injection flow is not sufficient to makeup system mass discharged
through the break.

The break configuration for Test 5-SB-? will represent a ?,5%
communicative cold leg hreak with a total hreak area of 0.0613 cm?.
The test will L initiated at a core power of 2.1 MW and will utilize
a ?5-rod electrically heated core consisting of 23 powered rods and 1
unpowered rod (one of the rod locations has heen utilized for a liquid
level probe). The radial power profile will he flat with a peak axial
power density of 38.69 kW/m. The steam gen:ritor secondaries and the
primary coolant pumps for both the intact and broken loops will be
operated in a manner which simulates the expected performance in 2 PWR
system. Emergency core coolant will be injected into both the intact
and broken loop cold legs. Upper head injection will not be used in
this experiment. Test € SB-2 will be conducted from an initial .
pressure of 15.5 MPa wit. a cold leg fluid temperature of 550 K and a
core differential temperature of 33 K.

Vi 1215 012



The pretest analysis for Test S-Sb-2 was performed using the
RELAP4/MOD7 computer code to provide a prediction of the system
thermal-hydraulic response ouring the test.

The pretest calculation was made from initiation of rupture to
856 s. The pump seals were calculated to blewout at 278 s, which
resulted in a decrease ir mass in the pump seals and zold leg. The
reduction in mass in the cold le’, led to a decrease in hreak flow
(change from subcooled to two phase) and a reduction in core inlet
flow. The core tota” liquid mass was calculated to decrease
tnroughout the transient. However, the mixture level (which
represents gas and liquid), remained high until 400 s, and then
decreased rapidly. Core temperatures followed the saturaticn
temperature until 605 s when there was a minor temperature excursion
(780 K peak). With the start of accumulator injection at 838 s, the
temperatures decreased to near saturation temperatures »nd remained
cool. The -~asults of the pretest calculation were compared to results
of the audit calculation for a Westinghouse PWR cold-leg 2.1% break.

1215 013



‘ I. INTRODUCTION

This report contains the pretest analy is for the Semiscale Mod-3
system thermal-hydrau.ic response for Test S-SB-2 which will be the
first test in the Semiscale Moo-3 small break test series
(Reference 1). Semiscale performs pretest analvsis for the purpose of
(1) obtaining insight into the expected behavior of the system during
the test, (2) ensuring that initial conditions, operating procedures
and instrumentation ranges are adequate to meet the test objectives,
and (3) providing an indication of unexpected adverse conditions which
could arise during the experiment. in making the analysis,
engineering judgement was used in modeling the system while still
adhering to the Pretest Predictior Consistency Committee guidelines.
This report identifies the prerupture system conditions, presents th-
expected behavior of key variables, and proviaes a comparison of the
Test S-SB-2 calculated results witn results from the Code Assessment
and Applications Program calculation for a Westinghouse pressurized

‘ water reactor (PWR) with a 2.1% cold-leq break (Reference 2). The PWR
calculations was performed as a licensing audit calculation for the
Nuc lear Reoulatory Commission (NRC) and as such, the modeling options
chosen were standard for licensing calculations. On the other hand,
the Semiscale calculation was run as a hest-estimate calculation and
Lhe modeling options chosen were believed to give a best estimate of
the system behavior. The RELAP4/MOD7 (Reference 3) mode! used to
predict the system small break response for Test S-SB-? is described
briefly in Section II.1 with & more thorough description given in
Appendix A. The RELAP4/MOD7 mode!l used for the PWR calculation is
described in Appendix B. Scaling considerations for comparing the two
calculations are discussed in Section III.

The operating concitions for Test S-SB-? are listed in Table I.
The break configuration will represent a 2.5% communicative cold leg
break with a total break area of 0.0613 cm2. The test will be
conducted at an initial core power of 2.1 MW and an initial core mass

‘ flow rate of 11.7 kg/s. The heated core ror this test will have

1215 014



TABLE I ’

INITIAL CONDITIONS AND OPERATIONAL REQUIREMENTS FOR TEST S-SB-2

Initial Conditions

Pressurizer Pressure 15.51 MPa
Hot Leg Fluid Temperature 583.3 K
Cold Leg Fluid Temperature 550.0 K
Core Inlet Flow Rate 11.7 kg/s
Total Core Power 2.1 MW
Radial Power Profile F* ¢
Pressurizer Liquid 13.1 kg
Steam Generator Secondary Pressure 5.86 MPa
Steam Generator Feedwater Temperature 495 K
Steam Generator Secondary Water Level
Intact Loop 2.9 m
Broken Loop 9.98 m
Configuration
Break Size 2.5%
Break Type Communicative
Break Location Cold Lea
Pressurizer Location Intact . 9p
Pressurizer Line Resistance (m-4) 5.9x108
Intact Loop ECC Injection '
Location (all systems) Cold Leg
Broken Loop ECC Injection
Location (all systems) Cold Leg
Intact Loop Accumulator Line
Resistance (m-%) 8.59x108
Broken Loop Accumulator Line
Resistance (m-%) 7.75x109
ECC Injection
Tn*act Loop Accumulator
Actuation Pressure 4.24 MPa
Liquid Volume 0.04480 m3
Nitrogen Volume 0.02635 m3
Temperature 300 K
Intact Loop HPIS
Actuation Pressure 12.41 MPa
Delay 25 s
In‘ection Rate see Fig. 2
Temperature 300
Intact Loop LPIS
Actuation Pressure 0.883 MPa
Injection Rate see Fig. 3
Temperature 300 K
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TABLE I (contd)

Broken lLoop Accumulator
Actuation Precsure
Liquid Volume
Nitrcgen Volume
Temperature

Broken Loop HPIS
Actuation Pressure
Delay
Injection Rate
Temperature

Broken !nop LPIS
Actuation Pressure
Injection Rate
Temperature

Transient Conditions
(power decay)
Pressure Setpoint
Time Delay
Steam Generator Secondaries
Steam Valve Relief Pressure
Steam Valve Isolation
Main Feedwater Isolation
Auxiliary Feedwater Initiation
Auxiliary Feedwater Flow Rate
Intact Loop
Broken Loon
Auxiliary Feedwater Temperature

4,24 MPa
0.01493 m3
0.00878 m3
300 K

17.41 MPa
25 s
see Fig. 2
300 K

0.883 MPa
see Fig. 3
300 K

See Table II
12.58 MPa
3.4 s

7.7 MPa

12 s after scram
5 s after scram
60 s after scram

0.0296 kg/s
0.0099 kg/s
300 K
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23 powered rods and 1 unpowered rod (one of the rod locations has heen '
used for a liquid level probe). The radial power profile will be flat
with a peak axial power density of 38.69 kW/m. All rods will have a
chopped cosine axial power profile as shown in Figure 1. The core
inlet fluid temperature will be 550 K and the core fluid temperature
differential will be 33 K. The electrical power decay will follow the
decay curve shown in Table II. The normalized pump speed for intact
and broken loop pumps is _iven in Table [II. “mergency core coolant
(ECC) injection is to be made into both the intact loop and broken
loop cold legs using accumulators and high pressure injection system
(HPIS) and low pressure injection system (LPIS) pumps. The HPIS and
LPIS flow rates as a function of pressure are shown in Figures 2 and
3, respectively. ECC water is to be ambient for this test. The
pressure suppressicon system ~ill be controlled to maintain a
containment pressure of 241 kPa throughout the test.

4 1215 017
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POWER DECAY FOR TEST S-SB-?

TABLE II

*

Time after trip (s) Normalized Power NormaTlized Voltage

0* 1.0 1.000

3 0.4 0.632

6 0.123 0.351

20 0.06 0.245

30 0.05? 0.228

€0 0.044 0.210

100 0.04 0.200

200 0.035 0.187

1000 0.023 0.152

Time = 0 s is cefined as 3.4 s after the pressurizer pressure

reaches 12,58 MPa,
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. TABLE 111
PUMP SPEED FOR TEST S-SB-?

Time after trip (s) Normalized Value

o* 1.00

10 0.550

20 0.375

30 0.280

40 0.235

50 0.215

60 0.200
120 0.100
130 0.000

' * Time = 0 s is defined as 3.4 s after the pressurizer pressure

reaches 12.58 MPa.
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IT. RELAP4 MODEL DESCRIPTION

The RELAP4/MOD7 (Update 92*) computer code was used to predict
the system response during the hlowdown, vessel refill, and core
reflood of Test S-SB-2. The model nodalization representing the
Semiscale system is shown *n Figure 4. A more detailed description rf
the model and a listing** of the input for Test S-SB-2 is contained in
Appendix A. The Henry-Fauske and homogeneous equilibrium (HEM)
critical flow models were used for the subcooled and two phase break
flow regimes, respectively. A break flow multiplier of 1.0 was used
during both the subcooled regir .nd the saturated regime. Vertical
slip was used in the model at all downcomer, core, and support and
guide tube junctions. To be con istent with the use of slip in the
core, the bubble rise mylel was not used in either the upper or lower
plerums. The standard bubble rise model was used in the downcomer,
core, upper head, pressurizer, pump suctions, and steam generator
secondaries. Heat conauctors were included in the upper plenum to
model the energy stored in the upper plenum and upper head structures,
and heat ce-1uctors wer2 usea to model heat transfer from piping,
downcomer .all and cere barre .. Conductors were also used in the
lower plenun to model enerqy stored in the unpowered rod sections.

The upper plenum was nodalized into three control volumes in an
attempt to simuiate the mixing between the upper plenum fluid and
fluid draining from the upper head through the gquide and support
tubes. A1l heat conductors which would be exposed to the environment
were insulated on the outer surfaces and thus did not account for
enerqgy transfer from the system to the environment. The pressure
suppression tank (Volume 6 in Figure 4) was repre ented as a
time-dependent volume filled with saturated vapor at a constant
pressure of 241 kPa., T . pump power was tripped off at scram, and the
intact and broken loop pu'ps followed the coastdown curve shown in
Table III.

RELAP/MOD7 historical code configuration control number is

HO071848.

Input to RELAP4/MOD7 historical code confiquration control number
is HO099418B.
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II1. SCALING COKSIDERATIONS .

Due to inherent scaling coapromises, the results obtained from
tests in the Semiscale small break test series are not to be
considered entirely representative of those expected in a PWR under
similar conditinns. Data from these tests will be used primarily to
benchmark small break code capability aid to evaluate scal: effects by
comparison to LOFT system results. Nevertheless, the value of
Semiscale data is increased through an understanding of scaling
limitations and their potential effect on results.

Several specific scaling concerns have been identified and
categorized as either manageable or accountahle. Those distortions
considered manageable wili require physical modification to the system
to be effectively mitigated. Included in this category are excessive
external heat loss and atypical steam gen. ator ceafiguration.
Scaling distorcions that are defined as accountal (e cannot be
physically eliminated but may be assessed analyti-ally. Scaling '
influences on flow regimes and critical flow are included in this
category.

In the subsections that follow ear) of the identified scaling
distortions is discussed and evaluated as to potential effect. It is
important to recognize that an extensive technical evaluation of the
impact of scaling on small break behavior in Semiscale has not yet
been completed. Indeed, the data forthcoming from the small break
tests series will be utilized as an integqral part of that evaluation.

1. HEAT LOSSES

The heat losses from the piping, vessel and downcomer to the
environment and heat 1nss to cooled instruments in the Semiscale Mod-3
system represent approximately 6% of initial core power. The heat
loss should be on the order of 0.07% to he representative of that in a
PWR. To compensate for the excess heat losses in Semiscale, the core .
power in Test S$-SB-2 will be increased. Additionally, recent
installation of a honzycomb downcomer insulatcr and improved

insulation of the loop piping should reduce the heat ioss. ]2] Z/) 025
12



A long-term sclution to the heat loss problem includes the
. installc” un of strip heaters and high quality external insulai ‘on.
In the pretest calculation heat structures were modeled with an
insulated ou.er surface, and thus heat loss between the system and
environment was not accounted for. An analysis is currently undei way
to quantify the effect on system response caused by pip...g heat loss
and increased core power to offset it. It is recognized that the
increase in core power has the potential to distort core coolant void
distribution and uncovered core temperature response.

2. FLOW REGIMES

Scaling influences can induce flow regime differences between
Semiscale and a PWR during a small break LOCA. The flow reqgime
differences can in turn affect the wetted surface areas, pressure
drops, and critical break flow characteristics. Since the RELAPA
calculations for both Semiscale and a PWR assume homogeneous flow, the
' effects of scale on flow regime characteristics cannot be evaluated

with the code. The potential differern-e in flow i -gime behavi-sr
between Semiscale and a PWR during a small break LOCA has bee.,
investigated analytically using the Dukler-Taitel method (Reference 4)
in conjunction with the results of the PWR audit calculation. A
sample result is shown in Figure 5 which compares the predicted flow
regime in the broken loop cold leg pipe (between the break and the
pump) in Semiscale and the PWR. Good agreement is ootained when mass
flow rates in Semiscale are assumed to scale properly. *

3. LOOP PUMPS

The head performance of the small-scale Semiscale pumps is
expected to degrade more rapidly than in PWR pumps as coolant void
fraction increases. However, for Test 5-5B-2, the Semiscale primary

' * Comparison of LOFT and Semiscale mass flow rates indicate this to
be a valid premise.

13
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coolant pumps are tripped at scram and will coastdown hefore
significant voiding occurs. Consequent ly, pump performance is not
considered a scaling distortion for this test.

4. CRITICAL FLOW

The critical flow characteristics of thne Mod-3 system can be
affected by piping flow regimes, system ¢ .,lant distribution, and the
small size of the break orifice. The piping flow = gimes and the
relative coolant distribution can affect the timing and duration of
the transition from single-phase to two-phase flow at the break, and
as a result, the system depressurization. The small “reak size may be
influenced by boundary layer effects (vena contracta) and by bubble
sizes which could be comparahle to the orifice diameter,

Flow re;.ne agreement between Semiscale and a PWR in the vicinity
of the break may potentially be quite good, as evidenced by the
comparison shown in Fiqure 5. Break uncovery time occurs as the pump
seals blow out, and in either system, the breaking of the water seals
is influenced by the mass discharge -ate from the system and the
relative amount of ¢ lant in the upper parts of the system which can
drain into the pump suction pipes. Figure 6 comparass coolant volume
inventory (as a percent of total volume) as a function of elevation in
Semiscale and a PWR. Because the Semiscale system is, relatively
speaking, shorter than a PWR, distortions in coolant inventory to
elevation relationship exist in the upper and lower portions of the
syster. However, in the vicirity of the cold leqg centerline the
coolant inventory agreemert is quite gond, with the Semiscale system
containing approximately 10% more coc’ant than the PWR at this
location. Thus Semiscale and PWR have close to the same potential for
draining water intn the pump suction ripes, and both maintain the pump
seals for about the same 4uration. It can he concluded that if the
break discharge is scaled properly, then, seal ' lowout and break
uncovery time in Semiscale should be comparable to that in a PWR,

This conclusion is born Lut by the RELAF . analysis as discussed later
in this text.

15 1215 028
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With regard to break orifice size, results from the Three Mile
Island accident simuations in Semiscale (Reference 5) indicate that
critical flew atypicality is not evidenced in orifices as small as
0.091 cm in diameter. Moreover, an independent calibration of the
break orifice utilized for Test S-SB-? is to he conducted to better
characterize its critical flow behavior.

5. STEAM GENERATOR

The Semiscale steam generators may produce atypical system
response because of disproportionately large secondary side volumes
and an elevation mismatch between the intact and broken loop steam
genc-ators. The broken loop steam generator secondary is
approximately five times larger than if it were properly scaled to a
PWR and the intact loop steam generator is 30% larger. These
distortions may result in atypical heat transfer from primary to
secondaryv which is an important means of heat rejection during a small
break. Current plans call for the replacement of the intact loop
steam generator (Type I, scaled to LOFT) with a Type II steam
generator (similar to what is now in the broken loop). This will
eliminite the elevation mismatch problem., Furthermore, design
modifications are currently being explored to minimize the secondary
volume distortions, However, neither the replacement nf the intact
loop steam generator nor volume modifications will occur prior to
completion of the current small hreak test serics,

Elevation differences between the intact and broken loop steam
generators may affect fallback and flow separation in Semiscale
relative to a PWR. During natural circulation the differences in
elevation may also affect the magnitudes and relative flow
distributions between the intact and broken loops. The differences in
elevation, however, can be partially compensated for by adjusting loop
resistance. The broken loop resistance in Semiscale is to be adiusted
to account for the differences in steam generator elevations, A
posttest calculation may be required if the differences in loop
resistances between the pretest calculation and the actual test are

1215 030
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A gualitative indication of steam generator design effects is ‘
afforded by a comparison of the pretest prediction and PWR audit
calculation results. This comparison (discussed in Section 1v.4)
indicates that the scaling distortions did not result in appreciable
differences in primary-to-secondary heat transfer, on a scaled bhasis.

f. DIMENSIONALITY

Since Semiscale is essentially a one-dimensional facility,
multi-dimensional coolant behavior that may occur in a PWR during a
small break LOCA may not be well represented. In general, it is felt
that multi-dimensional fluid behavior in a PWR would be restricted
primarily to the core region, in terms of radial flow components
induced by radial power variations. The quantitative affect on PWR
core thermal-hydraulic behavior caused by potential multi-dimensional
flow patterns is unknown. Moreover, one-dimensional codes such as
RELAP4 are unable to address the question of multi-dimensionality in

Semiscale versus a PWR. '

7. GENERAL SCALING COMMENTS

The Semiscale core geometry, core elevation, and pump loop seal
elevations are matched directly with those from a Westinghouse PWR.
Therefore, the timing and magnitude of important phenomena relating to
pump seal blowout and core uncovery should be similar to the expected
behavior in a PWR (assuming system depressurization and primary side
heat transfer are matched correctly).

In-core heat transfer and cladding temperature response above the
core liquid level will be affected by electric rod thermal properties
and fixed axial power profile representation in Semiscale, as opposed
to a PWR core utilizing fuel rods arranged to produce a peaked axial
profile.

18
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IV. PREDICTED SYSTEM BEHAVIOR

Presented in this section is a discussion of the system behavior
from the pretest calculations for Test S-SB-7. The results of the
pretest calculation are demonstrated through the use of several
calculated system variables, including system depressurization, flow
rates, mixture levels, densities, heat transfer rates, and
temperatures. To provide additional system analysis, a few key
parameters describing system behavior are compared to those obtained
from the PWK audit calculation.

A sequence of events in their order of occurrence in the pretest
calculation is listed in Table 1IV.

1. DEPRESSURIZATION RATE

Directly following initiation of the simulated pipe rupture, the
system pressure was calculated to decrease from 15.5 to 7.4 MPa during
the first 30 s of the transient, as shown in Figure 7. This
depressurization period corresponded to the time required for the
system to depressurize to the saturaticn pressure associated with the
core fluid temperature. Stabilization of the system pressure occurred
at about 7.4 MPa when the system pressure and steam generator
secondary pressure (Figure 8) equalized. At 340 s the fluid exiting
the break changed from subcooled to two-phase, resulting in a decrease
in mass flow but an increased enthalpv discharge at the hreak location
and thus, increased system depressurization rate. At 838 s, the
accumulators began emptying into the system which led to an increased
depressurization rate. The increased depressurization rate resulted
from complete mixing of subcooled and saturated water at the
accumulator injection points. This complete mixing is an inherent
limitation in the code and is not expected to occur in the actual
test.

The Semiscale system depressurization behavior was very similar
to that which occurred in the PWR calculation (Figure 7); however, the
pressure for Test S-SB-2 was consistently lower thar that for the

1215 032
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TABLE 1V
CALCULATED SEQUENCE OF EVENTS FOR TEST S-SB-?

Time (s)

12.9

16.3

17.4

21.3

25.8

31.6

41.3
62.0

76.3

838.0

Event

Break nozzle opens, subcooled
blowdown commences.

Scram signal received, steam
generator discharge valves
begin to close (pressurizer
pressure falls to 12.58 MPa).

Reactor scram, pump power
tripped off.

Steam generator discharge
valves fully closed.

Main feedwater starts to ramp
off.

Main feedwater completely

off.
Pressurizer valve closes '

(pressurizer mix*ure leve)
falls to 3.05 cm).

HPIS initiated.

Intact loop steam generator
relief valie opens.

Steam generator auxiliary
feedwater comes on.

Intact loop and broken loop
accumualtor flow initiated.

20
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PWR. This led to earlier occurrence of events (trips based on
pressure) in the S-SB-2 calculation than were calculated to happen in
the PWR. The lower pressure attained in the pretest calculation can
be attributed to a great extent on a larger subcooled break flow rate
allowed by a larger break size (2.5% tor Semiscale compared to 2.1%
fer the PWR).

2. BREAK FLOW

The calculated break flow for Test S-SB-2 is shown in Figure 9 as
compared with the volume-scaled PWR calculated break flow. Subcooled
flow at the break was calculated to ast until about 340 s after
rupture in both caliuiations, at wh® w1 time the pump seals were biown
out (as s.en by the drop in mixtu~e level at the broken loop pump
suction in Figure 10). Loss of water in the pump seals brought about
a rapid decrease in mass upstream from the break, which in turn lead
to a transition from subcooled to two phase break flow. Throughout
the transient, the calculated break flow was higher than the HPIS
(Figure 11), allowing the system to depressurize.

The Semiscale calculated break flow rate was higher than the
volume-scaled PWR flow rate during the cubcooled perind and lower than
the "R flow rate during the two phase period. The higher flow rate
in the suhc~oled period was 2 r»esult of a larger break area (scaled)
in Semiscale than in the PKR (2.5% for Semiscale compared to 2.1% for
the PWR). In the experiment, the small size of the break orifice
(relative to the boundary layer) may lead to a flow rate less than
that calculated in the prediction. In t'e two phase break period, two
different break flow models were employed for the Semiscale and PWR
calculations. [In the Semiscale calculation, the HEM flow table was
used while ‘n the PWR calculation, the Moody flow table was used. The
Moody critical flow table generally gives break flow rates larger than
HEM and thus the larger PWR (scaled) flow rate would be expected.

1215 036
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‘ 3. CORE MIXTURE LEVEL

The calculated mixture level for the Semiscale core is shown in
Figure 12. This level represents a combined gas and ‘iquid mixture,
and although at times the mixture level was near the top of the core,
the total liquid mass decreased until initiation of accumulator
injection (Figure 13).

The mixture level is one of the more important parameters and its
behavior addresses directly one purpose of the experiment, which is to
determine if core uncovery will occur. Fwom examining Figure 12, it
is observed that the calculated mixture level decreased (for an
extended time) at about 400 s after rupture (core uncovery: and then
began osciilating until the accumulators came on. The drop in core
mixture Tevel from 400 s to AO0 s led to a mild core temperature
excursion which lasted until accumulator injection began. The
oscillations beginning at 600 s are of a manometer type as suggested
by the level in the core being 130° out of phase with the downcomer

' level as snow in Figure 12. However, as seen from the core inlet
flow (Figure 14) there was no net mass transfer hetween downcomer and
core. The driving force for the oscillations was partially due to
core heat transfer. As the core mixture level dropped, core heat
transfer decreased and reduced steam generation. The reduction in
steam generation reduced the pressure ahove the core, and the
downcomer nead of water forced a greater amount of water into the
core. This influx of coolant in turn increased tine core heat transfer
rate and steam generation which in turn increased the pressure and
reduced the core inlet flow. The oscillations were terminated when
accumulator ECC water was injected into the system.

The calculated mixture level in the Semiscale core was much
different than that calculated for the PWR (Figure 15) even though the
behavior of other parameters around the system was quite similar. In
the PWR calculation, the core remained full until about 810 s after

' rupture. The PWR core remained partially uncovered until initiation
of accumulator injection at 1007 s. The two calculations used

21 1215 040
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different modeling in the core region (See Appendix A and Appendix B), .
and this modeling difference may he the source of differences between

the two calculations. Posttest examination of calculated versus

measured mixture level will provide a judgement of the merit of the

mode ling used in Semiscale. The effect of differences in RELAP4

mode ling between Semiscale and a Westinghouse PWR will be addressed

once experimental data has heen obtained.

4., STEAM GENERATOR HEAT TRANSFER

The steam generator total heat transfer rates for the pretest
calculation are compared to the volume-scaled steam generator to*al
heat transfe- rates calculated for the PWR in Figure 16. One scaling
concern for steam generators is that the excessive size of the
Semiscale secondary volumes could result in atypical heat transfer to
the secondaries. In this calculation, scaling of the secondary
volumes did not represent a major problem, as the total heat transfer
rates for the Semiscale steam generators compared quite well to the ‘
PWR steam generator tota) heat trausfer rates. A second scaling
concern is that the use of two different size steam generators may
lead to abnormal behavior hetween the intact and broken loop. The
second concern does not appear to pose a major prohlem since not only
does the total steam generator energy compare well hut so does the
energy transfer from the individual steam generators.

5. CORE CLAD TEMPERATURES

The peak cladding temperatures calculated for the Semiscale core
(Figure 17) followed the saturation temperature until about 500 S,
when core uncovery reached the top of heat conductor 49 (refer tn
Figure 4). The cladding temperature peaked at 780 K hefore the core
began refilling at about 605 s. The peak cladding temperature for the
Semiscale core compares well with the PWR core peak cladding
temperature up tu 500 s. This would be expected since the system
depressurization rates compare well and the core cladding temperatures .
follow the saturation temperatures, as long as the mixture level is

32
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above the heatad core. The peak cladding temperature for the PWR core
rose to a maxymum of 670 K after the core had partially uncovered at
about 1000 s. Accumulator flow was initiated at 1007 s in the PWR
calculation, *nd the surface temperatures decreased to near the
saturation temperature.

6. CONCLUSION

Substantial core uncovery is calculated to occur in Test S-SB-2,
as shown in Figure 12. As a result of core uncovaery, the peak
cladding temperat.ce reached a maximum of 780 K hefore the core was
yuenched by accumulator fiuw at 838 s.

Two significant factors bear on the degree of confidence placed
on the validity of this pretest prediction. First, it is recognized
that the calculation does not embody all of the features that are
potertially necessary to describe the thermal-hvdraulic phenomena
axpecied. For example, the RELAPA code is unable to predict flow
regime definition beyond homogeneous or separated condition (and even
this is restricted to selected mode! nodes). Also, the RELAP4 mode)
used did not account for the external system heat loss expected in the
test, nor the increased core power to be emploved to offset this heat
loss.

Secondly, experience with the RELAP4 code has shown that results
can be very sensitive to model input (i.e., nodalization, code
options). This is particulary truc ~f the prediction of core
uncovery, which ulcimately dete mines the severity of the transient.
In addition to the importance of correc*ly predicting mass and enerqy
inventory in the system, reliance must be placed upon a modei for
level swell behavior. An insufficient basis present 1y exists for
evaluating the various bubb s rise options available in the RELAP4 ] 2] 5 048
code and selecting the optimum approach.

In conclusion, it must be stressed that the evpectaiion of good
agreement between the pretest prediction and test data for Test $-SB-?

is significantly lower than has been the case for large break

35



experiments of the past. The refinement of models and identification ‘
of deficiencies can only he made possible by the experience gained
through posttest analysis as the small break test series proceeds.

1215 049

36



V. REFERENCES
Semiscale Program, Appendix SB to the Semiscale Experimental
Operating Specification - - a reak Test Series,
SEﬂl-lﬂ-giI, tG&G Tdahe, Tnc, (Auqust 19797,

C. A. Dobbe, C. D. Fletcher, and E, E. Ross, Audit Calculations
for Westinghouse PWR Small Cold-Leg Rreaks, CAAP-TR-054,
idaho, Inc. (Auqust 1979).

RELAP4/MOD7 User's Manual, CDAP-TR-78-036 (August 1978).

Y. Taitel and A, E. Dukler, “A Model for Predicting Flow Regime
Transitions in Herizontal and Near Horizontal Gas-Liquid Flow,"
AICHE Journal (Vol. 22, No. 1), (January 1976).

T. K. Larson, G. G. Loomis, and R, W. Shumway, Semiscale
Simulations of the Three Mile Island Transient = A Summary
Keport, =FRe ’ aho, Inc. uly

1215 050

37



APPENDIX A

RELAP4 MODEL FOR TEST S-SB-2

121

J\

ne



APPENDIX A .

RELAP4 MODEL FC~ TEST S-SB-2

The nodalization diagram for the RELAP4 model used for the Test
S-SB-2 prediction is shown in Figqure A-1. The model includes 38
control volumes and 54 junctions. Twc control volumes are used to
represent the lower plenum, one volume to represent the core mixer
box, one volume to represent the core, and three volumes to represent
the upper plenum, The inlet annulus, downcomer, quide tube, support
tubes and the upper head are each represented by one control volume,
Table A-1 provides physical descriptions of the control volumes used
in the model, Table A-II describes the junctions used in the model
which connect the control volumes, as well as those which join fill
volumes to control volumes. Fill junctions are used to represent the
high pressure injection sytem (HPIS), the low pressure injection
system (LPIS), and the intact and hroken lonp steam generator

secondary water supply. ‘

A total of 50 heat slabs are used to represent heat conducting
solids in contact with the coolant in the core, downcomer, steam
generators, vessel, and piping. Heat conductors in the core are
capahle of modeling both high and low power rods although for Test
5-58-2 all rods had equal power. The high power rods are represented
by 10 axial heat slabs, and the low power rods are represented by
5 axial heat slabs. The core heat conductor and fluid volume
nodalization are shown in Figure A-2.

The more significant code analytical options used in this
calculation, including heat transfer correlations, vertical slip, and

bubble rise model, are listed in Table A-1I7. The RELAP4 input
listing for Test S-SB-2 is given in Table A-IV.

o
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RELAP4/MOD7 MODEL CONTROL VOLUME DESCRIPTION FOR TEST S-SB-?

TABLE A-1

Control Volume

S W N -

O O N O

10
11
12, 13, 14
15
16
17
18
19
20
21
22
23, 24, 25
26
27
28
29
30
31
32
33
34
35

Descrigtion

Core

Botiom of the upper plenum

Mid-volume of the upper plenum
Top volume of the upper plenum
Upper head
Pressure suppression vessel

Accumulator - intact loop

Accumulator

Pressurizer

Intact
Intact
Intact
Intact
Intact
Intact
[Intact
Intact
Broken
Broken
Broken
Broken
Broken
Broken
Broken
Broken
Broken

loop
loop
loop
loop
loop
locp
1o0p
Toop
1n0p
loop
loop
loop
loop
loop
loop
loop
loop

- broken loop

hot leg

steam generator inlet plenum
steam generator tube bundle
steam generator outlet plenum
pump suction - Aownflow

pump suction - upflow

pump

cold leg

steam generator secondary

hot leg

steam generator inlet plenum
steam generator tube bundle
steam generator outlet plenum
pump suction - downf low

pump suction - upflow

pump

pump discharge

Break assembly
Broken loop cold leg

Support tubes

Inlet annulus and downcomer

Lower plenum

A-4
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. TABLE A-1 (contd)

Control Volume Description
36 Core mixer box
37 Guide tube
38 Intact loop steam generator secondary

1216 055
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TABLE A-11

RELAP4/MOD7 MANE: JUNCTION DESCRIPTTON FOR TEST S-SB-?

Junction

O 00 N O O & W N =

13, 12
13

14
15
16
17
18
19
21

22

23, 24
25

Description

Core mixer box, core

Intact loop accumulator, intact loop cold leg

Broken loop accumulator, broken loop coid ieq
Pressurizer, intact loop hot leg

Core, hottom of upper plenum

Bottom of upper plenum, mid-.olume of upper plenum
Mid-volume of uppe. plenum, top volume of upper plenum
Top volume of uicer pienum, intact loop hot leg

Inta~t loop hot 1ng, ‘ntact loop steam generator inlet
plenum

Intact loop steam generator inlet plenum, intact loop
steam generator tube bundle

Intact loop steam generator tube hundle juctions
Intact loop steam generator tube bundle, intact loop
steam generator outlet plenum

Intact loop ste: 1 generator outlet plen'mn, intact loop
pump suction - downflow

Intact loop pump suction - downflow, intact loop pump
suction - upflow

Intact lnop pump suction - upflow, intact loop pump
Intact loop pump, intact loop cold leg

Intact loop cold leg, inlet annulus and downcomer
Broken loop cold leg, inlet annulus and downcomer

Top volume of upper plenum, hroken lnop hot leg

Broken loop hot leg, broken loop steam generatcr inlet
pienum

Broken 1nop steam generatoar inlet plenum, hroken loop
steam generator tube bundle

Broken loop steam generator tube hundle junctions
Broken loop steam generator tube bundle, broken ‘oop
steam generator outlet plenum

A-6
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. TABLE A-II(contd)

Junction Description
26 Broken loop steam generator outlet plenum, broken loop
pump suction - down€low
27 Broken loop pump suction - downflow, broxen loop pump
suction - upflow
28 Broken loop pump suction-upflow, broken locp pump
29 Broken loop pump, broken loop pump discharge
30 Broken loop discharge, hreak assembly
31 Upper head, support tubes
32 Upper head, quide tubes
33 Support tubes, bottom of upper plenum
34 Guide tube, hottom of upper pienum
35 Lower plenum, core mixer box
36 Inlet annulus and downcomer, lower plenum
' 37, 38 Guide tube, mid-volume of upper plenum
39, 40 . o ¥ . i ' ¢
4] Pressure suppression vessel, break assembly
42 Break assembly, broken loop cold leg
43 Intact loop steam generator feedwater
44 Intact loop steam generator discharge
a5 Intact loop steam generator relief valve
46 Broken loop steam generator feedwater
47 Broken loop steam generator discharge
438 Broken loop steam generator relief valve
a9 Broken loop LPIS
50 Broken loop HPIS
51 Intact loop LPIS
52 Intact loop HPIS
53 [ntact loop steam generator auxiliary feedwater
4 Intact loop steam generator auxiliary feedwater

pe7 1215 057
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TABLE A-111
RELAP4/MOD7 INPUT OPTIONS FOR TEST S-SB-?

MVMIX=0 (compressible flow with momentum flux) is used at all
junctions except the following: MVM[X=-2 for ijunctinns
associated with the steam generator seccndarv relief and
discharge valves, and MYMIX=3 for junctions associated with the
accumulators, pressurizer, guide and support tubes, main and
auxiliary feedwater, and high and low pressure iniection
systems.

Vertical slip is used at all vertical juctions in the reactor
vessel, except between the core mixer hox and core, and at all
vertical junctions between the steam generator tube bundles and
the downflow pump suctions.

The standard bubble rise model (velocity 0.91 m/s and gradient of
0.8) is used in the pump suctions, steam generator secondaries,
pressurizer, downcomer, core, and upper head. A bubble rise
model allowing complete separation of phases within a control
volume is used in the accumulators,

Critical flow is modeled using the Henry-Fauske/HEM option. A
flow rate multiplier of 1.0 is applied to HEM, as well as to
subcooled Henry Fauske.

Core heat transfer is calculatecd by using (1) HTS? heat transfer
surface, (2) implicit wall temperature solution on the right side
of all conductors, (3) modified Tong-Yo.ng transition bhoiling
correlation, and (4) Condie-Bengston III (HTS2) and
Condie-Bengston IV (HTS3) film boiling correlation.

The enthalpy transport model is used to initialize the
calculation, but is not used during the transient,

The new slip velocity model developed for RELAP4/MOD7 is used to
provide a flow regime dependent correlation, which results in a
more accurate value for interphase slip velocities.

The RELAP4/MOD7 self-initialization routine is used to effect an
initial system pressure balance and enerqgy balance.

Steam generator secondaries utilize the natural convection option
for heat transfer.

A-9 o
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TABLE IV

RELAP4/MOD7 LISTING FOR TEST S-SB-2
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APPENDIX B

RELAP4 MODEL FOR AUDIT CALCULATION

The nodalization diagram for the RELAP4/MOD’ model used for the
Hestinghouse PWR 2.1% cold-leq break calculation is showr in
Figure B-1. The model includes 40 control volumes and 47 junctions.
One control volume is used to represent the lower pivnum, one volume
tn represent the core mixer hox, th.ee volumes to represent the core,
and one volume to represent the upper plenum. Table B-1 provides
physical descriptions of the control volumes used in the model. Table
B-II describes the jusctions used in the model which connect the
control volumes. Fill junctions are used to represent the intact and
broken loop injection systems and steam generator secondary water
supplies.

A total of 21 heat slabs are used to represent heat conducting
solids in contact with the coolant in the co.e, steam generators, and
reactor vessel. The fuel rods are represented by 6 axial heat slabs
of equal length.

Table B-III lists the more significant code analytical options

used in this calculation, such as heat transfer correlations, vertical

slip, and bubble rise model.

B=2
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Intact loop steam generator inlet plenum
e By 85 0 Intact loop steam generator tube hundle

Intact loop steam generator outlet plenum
Intact loop pump suction - downflow
Intact loop pump suction - upflow

10 Intact loop pump

11, 12 Intact loop cold leg

13 Broken loop hot leg

14 Broken loop steam generator inlet plenum

15, 16, 17, 18 Broken 1lnop steam generator tube hundle

TABLE B-1 ‘
RELAP4/MOD7 MODEL CONTROL VOLUME DESCRIPTION FOR PWR
Control Volume Description
1 Intact loop hot leg
2
3
7
8
9

19 Broken loop steam generator outlet plenum

20 Broken loop pump suction - downflow .
21 Broken loop pump suction - upflow

22 Broken loop pump

23 Broken loop pump discharge and break assembly
24 Broken loop cold leg

25 Intact loop steain generator secondary

26 Broken loop steam generator secondary

27 Pressurizer

28 Pressure suppression vessel

29 Intact loop accumulator

30 Broken loop accumulator

31, 32, 33 Core

34 Inlet annulus

35 Downcomer

36 Lower plenum

37 Core mixer box

38 Upper plenum ‘
39 Upper head

40 Core haffle region ]2]5 077




TABLE B-11

' RELAP4/MOD7 MODEL JUNCTION DESCRIPTION FOR PWR
Junction Description
1 Intact loop hot leg, intact loop steam generator inlet
p lenum
2 Intact loop steam generator inlet plenum, intact loop
steam generator tube bundle
3; 4, § Intact loop steam generator tube bundle ijuctions
&) Intact loop steam generator tube bundle, intact loop
steam generator outlet plenum
7 Intact loop steam generator outlet plenum, intact loop
pump suction - downflow
8 Intact loop pump suction - downflow, intact loop pump
suction - upflow
9 Intact loop pump suction - upflow, intact lnop pump
10 Intact loop pump, intact loop cold leg
. 11 Intact loop cnld leg junction
12 Broken loop hot leg, broken loop steam generator inlet
plenum
13 Broken loop steam generator inlet plenum, hroken loop

steam generator tube bundle
14, 15, 16 Bro“en loop steam generator tube bundle junctions

17 Broken loop steam generator tube bundle, broken loop
steam generator outlet plenum

18 Broken loop steam generator outlet plenum, broken loop
pump suction - downflow

19 Broken loop pump suction - downflow, broken loop pump
suction - upflow

20 Broken loop pump suction-upflow, broken lnoop pump

21 Broken loop pump, broken loop pump discharge and breax
assemb ly

22 Broken loop discharge and bhreak assembly, hroken loop

‘III' cold leg

1215 078

B-5



TABLE B-11 (contd)

Junction

23

24
25

26
27
28
29
30

31, 32

33
34
35
36
37
38
39
40
a1
a7
43
aa
45
46
47

Description

Broken loop pump discharge and hreak assembly, presure
suppression vessel

Intact loop accumulator, intact loop cold leg

Broken loop accumulator, broken loop pump discharge and
break assembly

Pressurizer, intact loop hot leg

Intact loop cold leg, inlet annulus

Broken loop cold leg, inlet annulus

Inlet annulus, downcomer

Core mixer box, core

Core junctions

Core, upper plenum

Downcomer, lower plenum

Inlet annulus, core baffle region

Core baffle region, core mixer hox

Lower plenum, core mixer box

Upper head, upper plenum

Inlet annulus, upper head

Upper plenum, broken loop hot leg

Upper plenum, intact loop hot leg

Intact loop steam generator main and auxiliary feedwater
Intact loop steam generator discharge

Intact loop steam generator relief valve

Broken loop steam generator main and auxiliary feedwater
Broken lnop steam generator discharge

Broken loop steam generator relief valve

B-6
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TABLE B-111

MODELING OPTIONS FOR PWR CALCULATIONS

MVMIX = 0 (compressible flow with momentum flux) is used at
all junctions, except that MVMIX = 3 (incompressible flow
with no momentum flux) is used at junctions between the
vessel and hot or cold legs, pressurizer and accumulator
Junctions, core bypass paths and all fill junctions.

Vertical slip is used at all vertical junctions in the model
except in the steam generator tubes.

Wilson bubble rise is used in all vessel volumes (except
bypass volume), pressurizer, and pump suction volumes.
(Bubble gradient = 0.8). Complete phase separation is
modeled in the accumulator. A constant bubble rise velocity
and hubble gradient are used in the steam generator
secondaries. The values are code calculated to achieve an
initial energy halance.

Critical flow is modeled using the Henry-Fauske/Moody
option. A multiplier of 1.0 is applied to both Henry-Fauske
(subcooled) and Moody (saturated).

Core heat transfer is calculated with the default and/or
recommended cptions for the RELAP4/MOD6 Update 4 code.

These are (1) use of HTS? heat transfer surface, (2) CHF
calculated with recommended CHF correlations, (3) Transition
boiling calculated with modified Tong-Young correlation, and
(4) film boiling calculated with the Condie-Bengston I1i
film boiling correlation. The recommended CHF correlations
are the W-3 correlation for the subcooled regime, Hsu and
Beckner's modified W-3 correlation for saturated high flow
and Smith and Griffith's modified Zuber for saturated low

flow regime. ]2]5 080
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TABLE B-11I (contd) ‘

The enthalpy transport model is used to initialize the
calculation but is not used during the transient.

The new slip velocity mode]l developed for RELAP4/MOD7 is
utilized. The new model employs a flow reqgime dependent
correlation which results in a more accurate calculation, of

interphase slip velocities.

The RELAP4/MOD7 self-initialization routine is used to
effect initial system pressure and energy balances.

Steam generator secondaries utilize the natural convection
option for heat transfer.
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