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SUMMARY

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-SB-2). This test series was designed to bo

compatible with small break loss-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' m a small break

loss-of-coolant accident (LOCA). Results of the Semiscale small break
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 uncovery 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 S-SB-2 will reorosent a 9.5%
2communicative cold leg break with a total break area of 0.0617 cm ,

The tcst will L initiated at a core power of 2.1 MW and will utilize

a 25-rod electrically heated core consisting of 23 powered rods and I
unpowered rod (one of the rod locations has been utilized for a liquid
level probe). The radial power profile will be flat with a peak axial
power density of 38.69 kW/m. The steam generator 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 a 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 ESB-2 will be conducted from an initial
pressure of 15.5 MPa witr. a cold leg fluid temperature of 550 K and a
core differential temperature of 33 K.

1216 012vi
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O The pretest analysis for Test S-SB-2 was performed using the
RELAP4/M007 computer code to provide a prediction of the system
thermal-hydraulic response 6Jring the test.

The pretest calculation was made frorr initiation of rupture to
856 s. The pump seals were calculated to blowout at 278 s, which
resulted in a decrease in mass in the pump seals and cold leg. The

reduction in mass in the cold le, led to a decrease in break 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 saturation

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 e.nd remained
cool. The results of the pretest calculation were compared to results
of the audit calculation for a Westinghouse PWR cold-leg 2.1% break.

O ms m
vii
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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 analysis 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 the
expected behavior of key variables, and provices a comparison of the

Test S-SB-2 calculated results witn results from the Code Assessment
and Applications Program calculation for a Westinghouse pressurized

9 water reactor (PWR) with a 2.1% cold-leg break (Reference 2). The PWR

calculations was performed as a licensing audit calculation for the
Nuclear Regulatory 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 best-estimate calculation and
the modeling options chosen were believed to give a best estimate of
the ;ystem behavior. The RELAP4/ MOD 7 (Reference 3) model used to

predict the system small break response for Test S-SB-2 is described
briefly in Section II.1 with a more thorough description given in
Appendix A. The RELAP4/ MOD 7 model used for the PWR calculation is
described in Appendix 8. Scaling considerations for comparing the two
calculations are discussed in Section III.

The operating con 6itions for Test S-SB-2 are listed in Table I.
The break configuration will represent a 2.5% communicative cold leg

2break with a total break area of 0.0613 cm . 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 for this test will have

1216 014
1
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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' c
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 2.95 m
Broken Loop 9.98 m

Configuration
Break Size 2.5%
Break Type Communicative
Break Location Cold Leo
Pressurizer Location Intact u op

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-4) 8.59x108
Broken loop Accumulator Line

Resistance (m-4) 7.73x109

ECC Injection
In'.act Loop Accumulator

Actuation Pressure 4.24 MPa
Liquid Volume 0.04480 m3
Nitrogen Volume 0.62635 m3
Temperature 300 K

Intact Loop HPIS
Actuation Pressure 12.41 MPa
Delay 25 s
Infection Rate see Fig. 2
Temperature 300

Intact Loop LPIS
Actuation Pressure 0.883 MPa
Injection Rate see Fig. 3
Temperature 300 K

O
T216 015
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TABLE I (contd)

-

Broken Loop Accumulator
Actuation Pressure 4.24 MPa
Liquid Volume 0.01493 m3
Nitregen Volume 0.00878 m3
Temperature 300 K

Broken Loop HPIS
Actuation Pressure 12.41 MPa
Delay 25 s
Injection Rate see Fig. 2
Temperature 300 K

Broken loop LPIS
Actuation Pressure 0.883 MPa
Injection Rate see Fig. 3
Temperature 300 K

Transient Conditions
SCR AM (power decay) See Table II

Pressure Setpoint 12.58 MPa
Time Delay 3.4 s

Steam Generator Secondaries
Steam Valve Relief Pressure 7.7 MPa
Steam Valve Isolation 12 s after scram9 Main Feedwater Isolation 5 s after scram
Auxiliary Feedsater Initiation 60 s after scram
Auxiliary Feedwater Flow Rate

Intact Loop 0.0296 kg/s
Broken Looo 0.0099 kg/s

Auxiliary Feedwater Temperature 300 K

_

O
I216 016
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23 powered rods and 1 unpowered rod (one of the rod locations has been
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 vill have a
chopped cosine axial power profile as shuwn 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 III. imergency 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 suppression system , sill be controlled to maintain a

containment pressure of 241 kPa throughout the test.

9

.

O

1216 0\7a
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Total injection rate is shown. The flow
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TABLE II

POWER DECAY FOR TEST S-SB-P

Time after trip (s) Normalized Power Normalized Voltage

0* 1.0 1.000

3 0.4 0.632

6 0.123 0.351

20 0.06 0.245

30 0.052 0.228

60 0.044 0.210

100 0.04 0.200

200 0.035 0.187

1000 0.023 0.152

Time = 0 s is t'afined as 3.4 s after the pressurizer pressure*

reaches 12.58 MPa.

O
e

,

1216 0218
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TABLE III

PUMP SPEED FOR TEST S-SB-2

Time after trip (s) Normalized Value

0* 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

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

reaches 12.58 MPa.

1216 OR
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II. RELAP4 MODEL DESCRIPTION

The RELAP4/M007 (Update 92*) computer code was used to predict

the system response during the blowdown, 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 r,f

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 braak flow multiplier of 1.0 was used

during both the subcooled regir ind 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 m] del was not used in either the upper or lower
plenums. The standard bubble rise model was used in the downcomer,

core, upper head, pressurizer, pump suctions, and steam generator
secondaries. Heat conouctors were included in the upper plenum to
model the energy stored in the upper plenum and upper head structures,
and heat cc.1uctors wera useo to model heat transfer from piping,
downcomer ..all and cero barre.. Conductors were also used in the
lower plenum to model energy stored in the unpowered rod sections.
The upper plenum was nodalized into three control volumes in an

atte.mpt to simulate the mixing between the upper plenum fluid and
fluid draining from the upper head tSrough the guide and support
tubes. All heat conductors which would be exposed to the environment
were insulated on the outer surfaces and thus did not account for
energy transfer from the system to the environment. The pressure

suppression tank (Volume 6 in Figure 4) was reprerented 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 purps followed the coastdown curve shown in
Table III.

.

RELAP/M007 historical code configuration control number is*

H0071848.

** Input to RELAP4/M007 historical code configuration control number
is H00994IB.

1216 023lo
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III. SCALING CONSIDERATIONS

Due to inherent scaling cc.apromises, 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 conditions. Data from these tests will be used primarily to
benchmark small break code capability aad to evaluate scale 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 accountable. Those distortions
considered manageable will require physical modification to the system
to be effectively mitigated. Included in this category are excessive
external heat loss and atypical steam genicator cnfiguration.
Scaling distortions that are defined as accountal.ie 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 ean 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 integral part of that evaluation.

1. HEAT LOSSES

The heat losses from the piping, vessel and downcomer to the
environment and heat loss 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 be 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. Additiona lly, recent

installation of a honeycomb downcomer insulatcr and improved

insulatio'n of the loop piping should reduce the heat loss. 1215 025
12
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A long-term solution to the heat loss problem includes the
installe .on of strip heaters and high quality external insulat ion.
In the pretest calculation heat structures were modeled with an

insulated oucer surface, and thus heat loss between the system and
environment was not accounted for. An analysis is currently underway
to quantify the effect on system response caused by pip.og 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 regime
differences can in turn affect the wetted surface areas, pressure
drops, and critical break flow characteristics. Since the RELAP4,

calculations for both Serriscale and a PWR assume homogeneotis flow, the

9 effects of scale on flow regime characteristics cannot be evaluated
with the code. The potential differerce in flow ._gime behavi'r
between Semiscale and a PWR during a small break LOCA has beers

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 S-SB-2, the Semiscale primary

9 1216 026
* Comparison of LOFT and Semiscale mass flow rates indicate this to

be a valid premise.
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PREDICTED FLOW REGIMES IN SEMISCALE AND PWR COLD

LEG PIPING DUKLER-TAITEL METHOD - PWR 4 IN. BREAK ,

AUDIT CALCULATION MASS FLUXES USED
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coolant pumps are tripped at scram and will coastdown before
significant voiding occurs. Consequently, pump performance is not
considered a scaling distortion for this test.

4. CRITICAL FLOW

The critical flow characteristics of the Mod-3 system can be
affected by piping flow regimes, system ( . slant 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 break size may be
influenced by boundary layer effects (vena contracta) and by bubble
sizes which could be comparable to the orifice diameter.

Flow reg;,ne agreement between Semiscale and a PWR in the vicinity
of the break may potentially be quite good, as evidenced by the

9 comparison shown in Figure 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 compares 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
sys ten.. However, in the vichity of the cold leg centerline the
coolant inventory agreement is quite good, with the Semiscale system
containing approximately 10% more coo 9nt than the PWR at this
location. Thus Semiscale and PWR have close to the same potential for

draining water into the pump suction ripes, and both maintain the pump
saals for about the same duration. It can be 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 Jut by the RELAP4 analysis as discussed later
in this text.

1216 028is
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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 ficw 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-2 is to be 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
gennators. The brnken 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
secondary which is an important means of heat rejection during a small

9 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
eliminste the elevation mismatch problem. Furthermore, design
modifications are currently being explored to minimize the secondary
volume distortions. However, neither the replacement of the intact

loop steam generator nor volume modifications will occur prior to
completion of the current small break test series.

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 flnw
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 adjusted
to accnunt 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

found to influence results significantly.

1.216 030
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A qualitative 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 IV.4)
indicates that the scaling distortions did not result in appreciable
differences in primary-to-secondary heat transfer, on a scaled basis.

6. 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 Vestinghouse 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-E. 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 PWR audit calculation.

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

1. DEPRESSURIZATION RATE

Directly following initiation of the simulated pipe rupture, the

9 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 enthalpy discharge at the break 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

19
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TABLE IV

CALCULATED SEQUENCE OF EVENTS FOR TEST S-SB-2

Time (s) Event

0.0 Break nozzle opens, subcooled
blowdown commences.

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

16.3 Reactor scram, pump power
tripped off.

17.4 Steam generator discharge
valves fully closed.

21.3 Main feedwater starts to ramp

off.

25.8 Main feedwater completely
off.

31.6 Pressurizer valve closes
(pressurizer mixture level
falls to 3.05 cm).

41.3 HPIS initiated.

62.0 Intact loop steam generator
relief vahe opens.

76.3 Steam generator auxiliary
feedwater comes on.

838.0 Intact loop and broken loop
accumualtor flow initiated.

G
1216 03320
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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% for 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 'sst until about 340 s after
rupture in both calculations, at wh' S time the pump seals were blown
out (as Ren by the drop in mixture 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

9 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 subcooled period and lower than

,

the M flow rate during the two phase period. The higher flow rate
in the mb r oled period was a result of a larger break area (scaled)
in Semiscale than in the PWR (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 in the DWR 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.

O
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. F*om 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 oscillating until the accumulators came on. The drop in core

mixture level from 400 s to 600 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

9 by the level in the core being 130 out of phase with the downcomer
level as snowc in Figure 12. However, as seen from the core inlet

flow (Figure 14) there was no net mass transfer between 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 above the core, and the
downcomer nead of water forced a greater amount of water into the

core. This influx of coolant in turn increased the 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 af ter

,

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

h1604027
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different modeling in the core region (See Appendix A and Appendix B),
and this modeling difference may be 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
modeling used in Semiscale. The effect of differences in RELAP4
modeling between Semiscale and a Westinghouse PWR will be addressed
once experimental data has been 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 total
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 secono.:ry
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 total heat transfer rates. A second scaling
concern is that the use of two different size steam generators may
lead to abnormal behavior between the intact and broken loop. The

second concern does not appear to pose a major problem since not only
does the total steam generator energy compare well but so does the
energy transfer from the individual steam generators.

5. 20RE 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 40 (refer to
Figure 4). The cladding temperature peaked at 780 K before the core
began refilling at about 605 s. The peak cladding temperature for the
Semiscale core compares well with tha PWR core peak cladding
temperature up to 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

'
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above the heated core. The peak cladding temperature for the PWR core

rose to a maximum of 670 K af ter the core had partially uncovered at
about 1000 s. Accumulator flow was initiated at 1007 s in the PWR
calculation, and 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 uncovery, the peak
cladding temperature reached a maximum of 780 K before the core was
quenched by accumulator fic,w at 838 s.

Two significant factors bear on the degree of confidence placed
on the valid',ty of this pretest prediction. First, it is recognized
that the calculation does not embody all of the features that are
potentially necessary to describe the thermal-hydraulic phenomena

e expected. For example, the RELAP4 code is unable to predict flow
regime definition beyond homogeneous or separated condition (and even
this is restricted to selected mods! nodes). Also, the RELAP4 model
used did not account for the external system heat loss expected in the
test, nor the increased core power to be employed 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 true of the prediction of core
uncovery, which ulcimately detL7 nines the severity of the transient.
In addition to the importbnce of correc'1y predicting mass and energy
inventory in the system, reliance must be placed upon a model for
level swell behavior. An insufficient basis presently exists for
evaluating the various bubbia rise options available in the RELAP4 1216 048
code and selecting the optimum approach.

In conclusion, it must be stressed that the expectation of good
agreement between the pretest prediction and test data for Test S-SB-2

is significantly lower than has been the case for large break

35
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experiments of the past. The refinement of models and identification
of deficiencies can only be made possible by the experience gained
through posttest analysis as the small break test series proceeds.
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APPENDIX A

RELAP4 MODEL F0' TEST S-SB-2

The nodalization diagram for the RELAP4 model used for the Test
S-SB-2 prediction is shown in Figure 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, guide tube, support
tubes and the upper head are each represented by one control volume.
Table A-I 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 broken loop 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
capable of modeling both high and low power rods although for Test
S-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-III. The RELAP4 input

listing for Test S-SB-2 is given in Table A-IV.

A-2
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TABLE A-I

RELAP4/M007 MODEL CONTROL VOLUME DESCRIPTION FOR TEST S-SB-2

Control Volume Description

1 Core

2 Bottom of the upper plenum

3 Mid-volume of the upper plenum

4 Top volume of the upper plenum

5 Upper head

6 Pressure suppression vessel

7 Accumulator - intact loop

8 Accumulator - broken loop

9 Pressurizer

10 Intact loop hot leg

11 Intact loop steam generator inlet plenum
12, 13, 14 Intact loop steam generator tubo bundle

15 Intact loop steam generator outlet plenum

16 Intact loop pump suction downflow

17 Intact loop pump suction - upflow
18 Intact loop pump

19 Intact loop cold leg

20 Broken loop steam generator secondary

21 Broken loop hot leg

22 Broken loop steam generator inlet plenum
23, 24, 25 Broken loop steam generator tube bundle

26 Broken loop steam generator outlet plenum

27 Broken loop pump suction - downflow

28 Broken loop pump suction - upflow

29 Broken loop pump

30 Broken loop pump discharge

31 Break assembly

32 Broken loop cold leg

33 Support tubes

34 Inlet annulus and downcomer

35 Lower plenum

1215 054
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TABLE A-I (contd)

Control Volume Description

36 Core mixer box

37 Guide tube

38 Intact loop steam generator secondary

0

0
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TABLE A-II

RELAP4/M007 M0nEL JUNCTION DESCRIPTION FOR TEST S-SB-2

Junction Description

1 Core mixer box, core

2 Intact loop accumulator, intact loop cold leg
3 Broken loop accumulator, broken loop cold jeg
4 Pressurizer, intact loop hot leg

5 Core, bottom of upper plenum

6 Bottom of upper plenum, mid-solume of upper plenum

7 Mid-volume of uppe. plenum, tap volume of upper plenum

8 Top volume of utcer plenum, intact loop hot leg
9 Inta?t loop hot leg, 'ntact loop steam generator inlet

plenum

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

11, 12 Intact loop steam generator tube bundle juctions
13 Intact loop steam generator tube bundle, irtact loop

steam generator outlet plenum
14 Intact loop stet 1 generator outlet plentm, intact loop

pump suction - downflow

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

16 Intact loop pump suction - upflow, intact loop pump

17 Intact loop pump, intact loop cold leg
18 Intact loop cold leg, inlet annulus and downcomer
19 Broken loop cold leg, inlet annulus and downcomer
20 Top volume of upper plenum, broken loop hot leg

21 Broken loop hot leg, broken loop steam generatcr inlet
plenum

22 Broken loop steam generator inlat plenum, broken loop
steam generator tube bundle

23, 24 Broken loop steam generator tube bundle junctions

25 Broken loop steam generator tube bundle, broken !oop
steam generator outlet plenum

1216 056
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TABLE A-II(contd)

Junction Description

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

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

28 Broken loop pump suction-upflow, broken loop pump

29 Broken loop pump, broken loop pump discharge

30 Braken loop discharge, break assembly
31 Upper head, support tubes

32 Upper head, guide tubes

33 Support tubes, bottom of upper plenum
34 Guide tube, bottom of upper plenum
35 Lower plenum, core mixer box

36 Inlet annulus and downcomer, lower plenum

9 37, 38 Guide tube, mid-volume of upper plenum
39, 40 " " " " " " "

41 Pressure suppression vessel, break assembly
42 Break assembly, broken loop cold leg
43 Intact loop steam generator feedwater
44 Intact loop steam generator discharge
45 Intact loop steam generator relief valve

46 Broken loop steam generator feedwater
47 Broken loop steam generator discharge
48 Broken loop steam generator relief valve
49 Broken loop LPIS
50 Broken loop HPIS

51 Intact loop LPIS

52 Intact loop HPIS

53 Intact loop steam generator auxiliary feedwater
C4 Intact loop steam generator auxiliary feedwater

O
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Fig. A-2 RELAP4/f10D7 core model for Test S-SB-2.
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TABLE A-III

RELAP4/M007 INPUT OPTIONS FOR TEST S-SB-?

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

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

3. 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.

4. 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.

5. Core heat transfer is calculated by using (1) HTS 2 heat transfer
surface, (2) implicit wall temperature solution on the right side
of all conductors, (3) modified Tong-Yorng transition boiling
correlation, and (4) Condie-Bengston III (HTS 2) and
Condie-Bengston IV (HTS 3) film boiling correlation.

,

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

7. The new slip velocity model developed for RELAP4/ MOD 7 is used to
provide a flow regime dependent correlation, which results in a
more accurate value for interphase slip velocities.

8. The RELAP4/M007 self-initialization routine is used to effect an
initial system pressure balance and energy balance.

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

.

*A-9

1215 05?



. .

TABLE IV

RELAP4/ MOD 7 LISTING FOR TEST S-SB-2

fli!!M?82 Hl!H HHf fiHilluti!!!!1situttnintilittilit8t!stit9ttlililllHe
=RUN S-58-2

* ll RELAP4/M007 MODEL

!) hP NThhAK ( ARE A=6.175E-5 F12)
:
:
:
;

!*h|$sN|Cb!!!!"!!O:**'22" *72''

hA KING AND MIXTLFE LEVEL SMOOTHING DATA **

ziss!kEst is 8.a" a1

'lU P H.T. IME STEPS **
_

** TIME STEP CATA **2 1C 1 0 .01 .C0C01 2. 3900.030L .0

8!8818 23 28 i 8 :83 :!881 12:

f!8N|e'CONrR!<!AT!*@EU d-'

181 188": : :!"iN !Rt!M0izLe
-4 9 0 182 .4 * SCRAM E PUMP COASTDOWN

3! 3! t:: 18 8 18 i: 8: :!RM!E t88; it iltill M u t
.

CbUL.]i ). * T 00-

BOP0 1 25 2 4 * AC-

li18|lis':'8:' ! fili t88 & l
40 |3 !k 0 !h . b k0 IN R

; 4 14 -4 9 1825. 63.4 *I.L. S.G. AUX. F.W.

f!*. f: dR$ 0$ NON bl IS MODEL IN BLL,6 .6 -4 30 *

4.2!8 3 :: '8 8 181!: A: :I"!" PE EButil!'''*
" '' '" '' ' ''55''

4
** ONTROL VOLUNE DATA **

ili!!M f fl u iHl H!!!!!!!!i!!!!!i!!!)iie nitt u niill!!!?i38111t!!?!UIH!HHH
.

9
^"
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TABLE A-IV (contd)

_

h9C h 09hk k hhhbkhkkh hhh b6 9 C123456

C50011 ! C 2265.0046 57e.5 -1. .36e326 12. 12. 0 .C30694 .0332 -16.26166 0 17

Chbbb|C bhh2.*! hfb*. ~-|*. *.0kC2k4 I.$h 44 h I? 4*O Ck14 5 )09895
*

C 3 260 0
C50C32 17
CSCC41 C C 2250. 610. -1. .276993 5.5417 5.5417 0 .C49983 .153691 -1.06336 0 17
C5CC51 5 C 2250. 544 -1. .4716 6.7235 6.7235 C .05406 .176869 5.1615 0
C50061 5 1 94.3 -1. C. 11007.936 50. 5.45 0 7.79 3.4 -8.4 0
C50071 1 C 615. tC. O. 2.506 2.506 1.575 C 1. 1.12636 0 C
C5CC61 1 C 615 EC. O. .637 .837 527 C 1. 1.12e36 C. O
CSCC91 5 C 2247.655 -1. C. .978 4.53 3.042 0 2553 .b701 .6 0
CSCICI C C 2249.C169 610. -1. .3555 .21267 .2I667 0 .03755 .21867 .599 0
84811! 8 E f!!!.!!t' i48:43 : 1.'6!els!*ite1!s'i!e!6!a?Oti620315 3!!01342 -

0

!!!!!!!C sii?:!!!!!!!:11:!::12'.9951.99531!:itti'5$tal'8?Oths'!0sili.is'lt'e
'

C50151 C C 222c.1486 544. -1. .34 1 C .17C43 46563 1.20833 0
050161 2 C 2214.1667 544 -1. 407241 10.3C633 10 30633 0 .03755 .21867 -9.1 0
C50171 2 C 2213.7505 544 -1. .43C4E7 e.35508 6.355C8 0 . C 3 75 5 .2186 7 -9.1 0 17
CSClel C C 2246.7864 544 -1. .144 1.C3117 1.C3117 C .03491 .21083 .92163 0 17
CSC191 C C 22E1 2C49 $44 -1. .304916 .21867 .21867 0 .03755 .21867 .10933 0 17
CSC2C1 4 C 0. SI5.26 .CI2 3.46 41. 32.743 0 .0855 .25 8.408e3 0
C50211 C C 2247.6C25 610. -1. .079153 1115 1115 0 009764 1115 .6525E Og,.e947$ 5.89475 0 .017I66 l483 .764083 0C5C221 C C 2244.7785 610. -1. .101793
Ei!!!!8Esif3:?l82!!!:18:!::!$24t'e'i$l'550?888til:82?gft*!*all8-

5
251 C C 2216.6247 551.79 -1. .164643 25. 25. 0 .C065857 .06475 6.656833 0
261 C C 2215.3569 544 -1. .096644 5.586 5.588 C .017295 .14839 1.323333 0
271 2 C 2 216 . 0 E 6 8 t44 -1. .106591 1C.42333 10.42333 C OC9764 .1115 -9.1 0
C261 2 C 2215.C709 544 -1. 084115 6.24563 8.24523 0 .069764 .1115 -9.1 0 17

050291 C C 2300.986 544 -1. .C2934 .8963 .8963 0 .C32735 .204156 .85417 0 17
C503C1 C C 2261.6607 $44 -1. .C19236 .1115 .1115 C .009764 .1115 .05575 0 17
C50311 C C 24cl.2619 544 -1 .019086 .3115 .1115 0 009764 .1115 .05575 0 17

*

C50321 C C 22E0.6C5 544 -1. .C36043 .1115 .1115 C .009764 .1115 .05575 0 17
O!C331 C C 2251.0243 610. -1. .'.13591 E E596 E 8598 001534 1 892 -3 2 0
050341 5 C 2280.4C49 544 -1. 122327 1$.9075 I8.907 6 .03+2 .13ee -11.6090 5 0
C50342 17
050351 C C 2218.4465 544. -1. 3853 .9696 .9896 0 .3893 .293 -16.8971 0 17
CSC361 C C 22 76.4C 35 53C. -1. .C8C457 1.64584 1.64564 0 .C492C9 .0859 -17.9075 0
CSC3f2 17
C50371 C C ?250.1776 610. -1. .C5296 14.3028 14.302t 0 .0C3703 .27452 -3.2608 0
CSC3E1 3 C 0. 525.26 .0176 7. 15.52 9.678 0 .C4 .042 2.495 0
** BU8blF-RISE MOCEL CATA **
C60013 C. -2. *ACCUMLLATCRg
OfC kC C SGSfbbNCARY31 CI2 47 24,34 *
C6CC41 C.2766 3.79 88RCKhh LCOP SG SECChCARY

4600IME-CIPENCdhi
1 .E - 1. *DOWNGCPER. CORE. UPPER HEAC AND PRES $URIZER

** T VCLLME LATA FOR PS! TAhK **
kkCI 330. 43.5 0. C. 5.45

k2 56hhC 2k 6 f9 h b fCI2345$h890$h!kh6 hh0khhkh669023566 89

7*#*
_



. .

TABLE A-IV (contd)

O

sssssssssiiiiiiiiitetssisisisaiai2:29:strai:::stairii:: 3:isisitie$ts:f1 :::4:48
070102 1130. 14.5 0. O. 5.45

c- c- 5 ''Sic 3{!C3ffh6,1,2:::
CELC11 36 1 C C 25.79
CEOC21 7 19 C 2 C.
CFCC31 E 3C C 4 C.
CBCC41 9 10 C 1 C.
CECCSI 1 2 C C 25.79
CECC61 2 30 0 25.79
GECC11 34 0 C 25.79
C6CCE1 4 1C 0 0 19.35
CPCCQ1 ]C 11 C C 19, 33
CE0101 11 12 C C 19.35
CEclll 12 13 C C 19. 35
CECl21 13 14 C C 19.35
CBC131 14 15 C C 19.35
C80141 15 16 C C 19.35
CEC 151 16 17 CC 19.35
CEC 161 17 18 -1 0 19.35
cec 171 le lv 1 C 19.35
CE0161 19 34 C C 19.35
CPC191 32 34 CC 6.45
CEC 2C1 4 21 C0 6.45
CF0211 21 22 C 0 6.45
CEC 221 22 23 C C 6.45
C8C231 23 24 C C 6.45
CEC 241 24 25 C C 6.45
C2C251 25 26 C C 6.45
CEC 261 2e 27 C0 6.45
OEC271 27 23 C C e.45
CEC 2El 26 29 -2 0 c.45
CtCE9'. ?9 3C 2 C t.45

!!8!!!s31O0 8:''cc
CFC321 5 37 C C C.
CEC 331 33 2 C 0 0.
CFC341 37 2 C C C.
CE0351 35 36 C C 25.79

h1
*

7 C 0 .CF
OE03El 27 3 C 0 C.
CEC 391 37 3 C C C.
CECACI 37 3 C C 0.
cec 411 31 6 0 3 C.
CEC 421 31 32 C C 6.45
CPO431 C 30 t 5 1.E94
0FC441 C IF 7 c -1.E94
C604t1 C 3e 9 C G.
CEC 461 C 2C 6 5 631
CEC 471 C 20 E 6 .631

c1690fh3k5hh90k23kh6h690f2 09bh3h6 56C 3 ee 2 56 8 9C123

12\S
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TABLE A-IV (contd)

$hkkhhhhCk2kkhhhE9b$$$kh6h8bC$23khhh6C1234567ehbk23k$67290k23khIh890f236fd9h
cec 461 C 2C 10 0 C.
CEC 491 C 3C 4 0 0.
CeCSCI C 3C 2 0 0.
CEC 511 C 19 30 C.
cec 521 C 19 1 0 C.
CEC 531 0 36 11 C C.
OECt41 C 2C 12 C C.
CBCC12 .03C694 -16.26166 C. 4.7061 4.7061 05200.O. 0 2 0. OCECC22 .00499 0. O. 369.2 369.2 1 -1 2 3 .07971 0. 00 0. 008C032 .0C499 0 C. 3322.3 3322.3 1 -1 2 3 .07971 0. 0 0 C. OCECC42 .003 .6 . 490.6 490 8 1 5 2 3 .C618 0. CCC

b.0CeCC52 .03C694 -4.2617 C. $ 9018 3.9C10 C 5'2 C C. 0 1 0. OC6CC62 .0172C6 -3.260e 0 .7$46 .7546 05 2 0 .148C2 0. 0 0 -1. OCEOC72 .C41445 -1.06336 1.39324 1.39324 0 5 2 C C. O. C 0 -1. 0.

080C62 .C2755 .70633 C. 2.7227 2.7227 1 5 20 .21867 0. 000. OCECC92 .03755 .E1767 C. 35.C38 35.C38 C 5 20 .21867 C. C C C. 0060102 .0476 3.20334 C. .51139 .51139 C 5 2 0 .0335 O. 0 2 0. OC6C112 .0976 8.61954 C. 2.9302 2.9302 0 5 20 .0335 O. C 3 0. 0
08C122 .C476 P.E1954 C. 2.9334 2.9334 C 5 20 .C335 C. C 3 1. OC80132 .0476 3.20334 C. 2.3928 2.392e 0 5 20 .C335 0. 0 1 1. OCEC 142 .C3 75 5 1.2Ce33 C. 36.E33 36 633 C 5 2 C 0. C. CC 1. 0

8181s!:8????:!eitiil8:'si!!'sih!Ii!88:8:888:8CEC 172 .C3755 0. C. .01474 .C1474 1 5 2 C .21867 C. 0 00.OC60122 .03755 0. C. 4.4449 4.4449 1 52 0 .21667 C. 00 1. OCEC 192 .CC9764 0 0 1.4901 1.4901 15 20 1115 C 0 0 C. O.ICuS3 C 3.0329 15 IC .11IS 0. 0 0 0. 0CEC 2C2 .C09764
C8C212 .0C9764 .764083 6.3 0329I.e52 2.652 0 5 20 .1115 0. O C 0. O

9CtC242
E0222 .C065657 6.658633 0. .t574 .657 C5 2C .0640 0. 0 2 0. OeC232 .CC65E57 31 65Ef3 0. 46 .4E O5 2 0 .C648 C. 0 3 C. O0065857 31.65863 0. 1.417 1.417 C 5 2 C .0648 0. C 3 1. O

C8Ce@es .0C97640065857 6.658633 C
CEC 52

I.2 465 2 4551.$724 C 520 .1115 O.C0 1. O
0 5 2 C .C648 C. C1 1. O3I241.32333 C.

CEC 272 .0C9764 -9.04425 O. .945 .945 1 520 .1115 C. 0 0 0. OC20262 .0C9764 .65417 0. .C149 .0149 1 5 20 .1115 0. O C 0. Ocec 292 .CC10347 C. C. C.C 0 0 15 2C .C3625 C. O C 0. OCEC 302 .CC9764 C. O. .392 .$384 1 5 2 0 1115 C. 0 0 C. OC20312 .CC1534 t.599 C. 12.2e 12.28 0 5 I3 .044194 C. O C 1. Ocec 322 .CC37C3 11.C42 29C2. 75.0 15.6 05 0 3 044194 0. C0 1. 00E0332 .0C1534 -3.2600 C. 1. 1 0 5 2 3 .04419I 0. C0 1. 0
080342 .01227 -3.2600 C. 66.62 66.62 0 52 3 125 O. 0 0 1 OCEC 352 .C46266 -17.9075 O. 1.7626 1.7626 05 IO 0. 0 0 C.-1. OCe0362 .C26039 -17.9075 C. 3.446 3.446 C 5 2 C 0. C. 60 1. OCE0372 .01912 -1.4463 C. 1.22

1 22
1 1 5 2 3 .039C2 C. 00 C. OCE03t2 .01912 -1.9254 0. 1.22 .22 1 5 2 3 .03902 C. CC C. Ocec 392 .01912 -2.4C46 0. 1.22 1.22 1 5 2 3 .03902 C. 0 0 C. OCECAC2 .C1912 -2.863d O. 1.22 1.22 1 5 2 3 .03902 C. C0 C. 0OtC412 6.198E-5 0. O. O. O. 1 5 2 0 C. C. 000.006C422 .0C9764 0. O. 6384 .392 1 5 2 0 0. O. 0 0 C. OCtC432 .C12 2.5 O. 752 .39 1 5 2 3 .155 C. O C 0. C

kh h Ehc 2 E9b hkk f k 2 45f f C123 67E9C2kh6ThkokhIkh6hhh023 5609b

/.
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TABLE A-IV (contd)

O

iSSt829f u lH H H148filH BinillH H142 titt;u;8 alistiti:881 tit 2:9%Bl?Illlli!J'

'o' 8 *

I!!::4:'!!!.!!'832!e-!i!*l'|1o$..
25

*tii:tia:5:cis.ij,j.5||o|o+82
1 ,' - e' m3 52

pj ::8 !s466. 6. 'Hz n 13 2 I :8td 8: 8 8:
s

5 2-

lei {d!:[t!!8:8:.:li!:!!Ii!!:131|61|6-
: :8j

s: g:2.av,w.h" 6 5 'najpa Ilh.e o
"

wn - 15 2 ' -

H R -FALSME-H M CRITICAL FLOW MODEL **

8 1! I3 2 22.3
' ' ^ "

" ' - 8:''" i'?i' " -
o.

''' **jj [**"zh!""""1 1.1 22 31.3 ze1.u23o.g*1 c

MP HEID Mutif LIERk RVE
*

***

:t6 8.4 |.8. j.e' g.H 8:.' :8jj 1-
:8|E * * * *

** MP TORCUF PULT P I CURVE *

8:f5gli 8:12'o!!' 8:1'o!;! 8:46o?2
|3|||1-' PUMP) **

(IhTACTg0OP* MP SPEEC VS T M A A

! !a "2!;.i!96"el8.811:>is t80Pej!.e226ftet.348!'j}!P
2"'

's8sE01s'T1@sA?;<880R PUMP > **Pu

}j||1112.?ce!8h?'di6.31*g''dfi.!!'!3
2 2

3361.71

** PHP IhsPibBt d8tCit8R9?* -

khGLE HE Ab FOMOLOG005 CURVEHA PUM (INTACT LOOP 1 **

1|':221 1 1 :( 8:8-j:!s 6:i 4:2 a.3 o.o
i:t 1:P5 A:: 1:87381! 1 3 -3

1|
-o.6 1.373

1 c!! :!:2 1:!" -|: j js
-g..f:.95

1 + -6

1:8 31531'
2

Sj8:8?,P
!!|! L
2

8i,!:lii !!!!!?i'
, -3l ' '6 -'

t988??'""?!?!

ils!!!isillHHHl48!!sHHiUl!!H!)idetiltinM813itilliB8tatte/.
A-14
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TABLE A-IV (contd)

khbkh6hhkd}}}kde}ekb$h!!$e$$9C}!$$$23$hC133I56789C$2$ 56$ehbII3I56I69[I}3 d[ha98
.0LO71 7 -3 -1.0 C.175 -C.50 0.65 0.0 0.975

LC:.C E 1 1 e -5 -1.0 0.175 -0.75 .15 -0.55 .3.C,CE2 -C.275 .4 C.0 -0.35
** S!hCLE-PHASE PUMP TORCLE HOPCLOGOUS CORVE (INTACT LOOP) **
1C1C91 2 1 -6 C.C 0.54 C.2 0.59 0.4 0.65ICIC92 0.6 C.77 C.8 0.95 0.9 0.981CIC93 C.95 C.96 1.0 0.87
1C11C1 2 2 -8 C.0 -0.15 C.2 0.C2 0.4 0.22
1011C2 0.6 0.46 C.8 0.71 0.9 0.81
1C13C3 0.95 0.65 1.0 0.E7
1C1111 2 3 -6 -1.0 0.62 -0.8 0.63 -0.6 0.53
1C1J12 -0.4 0.46 -C.2 0.49 -0.0 0.54
101121 2 4 -6 -1.0 C.62 -0.8 0.53 -0.6 0.461C1122 -0.4 0.42 -C.2 0.39 -0.0 0.36
1C1131 2 5 -7 C.C -C.63 C.2 -0.51 0.4 -0 16,C1132 0.6 -C.29 C.8 -0.2C 0.9 -0.16;C1133 1.0 -0.13
C1141 2 6 -6 0.C C.36 0.2 0.32 0.4 021C1142 C.6 0.le 0.8 0.05 1.0 -6.713

IC1151 2 7 -6 -1.C -1.44 -C.8 -1.25 -0.6 ~1.08101152 -0.4 -0.92 -C.2 -0.77 0.0 -0.63101361 2 e -6 -1.0 -1.44 -C.8 -1.12 -0.6 -0.79101 e2 -0.4 -0.52 -C.2 -0.31 0.0 -0.15** Sm INGLE-PHASE PUMP HEAD HOPCL"GOUS CURVE (BROKEh LOOP) **IC2011 1 1 -5 0.0 1.7e2 C.297 1.906 0.555 1.625IC2012 C.892 1 187 1.0 1.0IC2C21 1 2 -4 0.0 -1.I36 C.682 C.0 0.79 0.296

91C2C32003!
* *

1 3 -5 1. -0.8 1.275 -0.6 1.375- .

-C.4 1.375 0.0 1.21C2C41 1 4 -6 -1.0 1.5 -C.6 1.15 -0.6 0.951C2C42 -0.4 0.83 -C.2 0.775 0.0 0.725102051 1 5 -3 0.0 C.975 C.5 1.35 10 1.95102061 1 6 -5 0.0 0.725 C.2 0.725 0.4 0.eIC2C62 0.6 1.025 1.0 1.95
1C2C71 1 7 -3 -1.0 0.175 -C.50 0.65 C.0 0.975102CE1 1 6 -5 -1.0 0.175 -C.75 .15 -0.55 .31C2CF2 -0.'75 .4 C.0 -0 35
** SIhCLE-FHASE PUMP TORocE HGPCLCGGb5 CLRVE (BR0 KEN LOOP) **IC2C91 2 1 -6 C.0 C.54 C.2 0.59 0.4 0.651C2092 0.6 0.77 0.8 C.95 0.9 0.98
Ir2C93 0.95 0.96 1.0 0.87
1021C1 2 2 -6 0.0 -0.15 C.2 0.02 0.4 0.221C2102 0.6 0.46 C.e 0.71 0.9 0.81IC21C3 0.95 0.E5 1.0 0.87
oC2111 2 3 -6 -1.0 C.62 -0.6 0.66 -0.6 0.53~C2112 -0.4 C.46 -C.2 0.49 -0.0 0.543C2121 2 4 -6 -1.0 0.62 -C.e C.53 -0.6 0.46iC2122 -0.4 0.42 -C.2 0.39 -0.0 0.361C2131 2 5 -7 0.0 -C.63 C.2 -0.51 0.4 -0 16

O C C C C 000011111111112 2 2 2 22 2 2 2 2 3 3 33 3 33 3 3 3 4 4 4 44 4 4 4 44 5 5 5 5 5 5 55 5566 66 6 66666 77 77 77 777 70
1234567E9Cl2345678901234567e901234567e9C1234567e901234567e901234567e901234567 90

h1216 0654
4be6

e
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TABLE A-IV (contd)

O

1ssssssteziiitais 4stiit:14:4 iiite 4:attin::24:ssisiteriesseiste:9881111:izii48
102132 0.6 -C.29 0.e -0.20 0.9 -0.16
1C2133 1.0 -C.13
1C2141 2 6 -6 C .0 C.36 0.2 0.32 C.4 C.27
3C2142 0.6 C.18 0.8 0.C5 1.0 -0.13
1C2151 2 7 -6 -1.0 -1.44 -0.8 -1.25 -0.6 -1.06
1C2152 -C.4 -C.92 -0.2 -0.77 0.0 -0.63
1C2161 2 t -6 -1.0 -1.44 -C.e -1.12 -0.6 -0.79
1C2162 -0.4 -C 52 -C 2 -C 1 0.0 -0.15
*e 2-FnASE ;Lpo HEAC FOPOLOGCL$ CLRbt (hdTH LE PS) **

1 0.83 0.2 1.09IC4C11 1 1 7 0.0 C.0
C.7 1.C1 0.9 0.94C.1C4C12 0.5 1.02

1C4C13 1.0 1.0
1C4C21 1 2 0 0.0 0.0 C.1 -0.04 0.2 0.C
104C22 0.3 C.1 C.4 C.21 0.6 0.67
1C4C23 C.9 C.6 1.0 10
104C31 1 3 1C -1.0 -1.16 -C.9 -1.24 -0.8 -1.77
1C4C32 -0 7 -2.36 -C.6 -2.79 -0.5 -2.91
1C4033 -0.4 -2.67 .25 -1.69 -0.1 -0. C5
1C4C34 0.0 C.0
1C4041 1 4 10 -1.0 -1.16 -C.9 -0.78 -0.6 -0.5
1C4042 -0.7 -0.31 -C.6 -C.17 -0.5 -0.08
1C4C43 -C.35 0.0 -C.2 0.C5 -0.1 0.06
1C4044 0.0 C.11
1CAC51 1 5 6 C.0 C.0 C.2 -C.C34 0.4 -0.65
1C4C52 C.6 -0.93 C.8 -1.19 1.0 -1.47
1C4Ct1 1 e IC 0.0 C.11 C.1 C.13 0.25 0.15
1C4Ct2 C.4 C.13 C.5 C.C7 0.6 -0.04
1C4C63 0.7 -0.23 0.6 -0.51 0.9 -0.91
IC4Ct4 1.0 -1.47
1C4C11 1 7 2 -1.0 C.C C.0 0.C
IC4Ctl I t 2 -1.0 C.C C.C C.0
** 2 .hASE PLNP ICRCUE HOPCLCGCUS CURVE (80TH LOOPS) **
IC4C91 2 1 -6 0.0 0.54 C.2 0.59 0.4 0.65
IC4C92 0.e C.77 C.6 C.95 0.9 0.98
104C93 0.95 0.96 1. 0 C.87
1C4101 2 2 -8 C.0 -C.15 C.2 C.02 C.4 0.22
1C4102 0.6 0.46 C.8 0.71 0.9 0.81
IC4103 0.95 0.05 1.C C.t?
IC4111 2 3 -t -1.0 C.62 -C.8 C.66 -0.6 0.53
1C4112 -0.4 C.46 -C.2- 0.49 00 0.54
1C4121 2 4 -6 -1.0 0.62 -0.6 C.53 -6.6 C.46

1C4122 -0.4 0.42 -C.2 0.39 0.0 0.36
1C4131 2 5 -7 0.0 -0.63 C.2 -0.51 C.4 -0.39
1C41'2 0.6 -C.29 C.6 -C.2C 0.9 -0.16
1C4133 1.0 -0.13
1C4141 2 6 -e 0.0 0.36 C.2 C.32 0.4 0.27
1C4142 C.6 0.19 C.e C.C5 1.0 -0.13
1C4151 2 7 -6 -1.0 -1.44 -C.E -1.25 -0.6 -1.C8
1C4152 -0.4 -C.92 -C.2 -0.77 0.0 -0.63
1C4161 2 E -6 -1.0 -1.44 -0.5 -1.12 -0.6 -0.79

CCCCCC0C011111111112222222222333333333344444444445555555555666666666677777777778
1234167t9C12345678901234567F901234567tvC12345678901234567t90123456789012 567890
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TABLE A,IV (contd)

$hikh6hekkff Nhbhhbfhb bbhkh!h! b 0123k5h7e98fil!! ell 88t99tttle,CIziUbH8
104142 -C.4 -0.52 -C.2 -C.31 0.0 -0.15

$C 6kt O. C. O. *PR 550RIZER SLRGE LIN (JCT 4)
fC0 2CC 0 C C.*I MthI *

O b 8 ZL lC 41)
!!!!s!ifi88:8:8:i: ti|80'MiBr!!''"''" " "" 3

QCC 3 C C. C. C. *S.G. CISCHARGE

1201CC -3 It 15. *S.G. FEEDhATER

h2 C.0 8.
Ih03C3 9C00 C.
g2 g -3 { Isg *S.G. DISCHARGE

LL 8 E! **
1301CC 9 2 17 3 0 LES/SEC 80 0. O. *1.L. hPIS (Js2)

i!8!Ei tit.2is?!!7 'zisFi!g.051 9 115 M is2 9 115 t??91 "eIsF>?21
!!818!

lilt:'t8''2018j!!Of:ss:i:se
's.''''''"'8" " ' ' - 26" ""- 22"

!!!' 3s"3 7s."sissFiOWi!s11
!!8is!i2!dl'5 ele

$!I!i'!Osid!jli,;i8h"d:
! ; st. 3:n3 1 ,9 "i e t., m a a . m ain .42,

- -

D "'t: N'il' e ze*2' e>>

!!828i 2id 12.'eie"!H'iO !69 i: 7.940 1s!553! 400 2.765*
s

!!!!!!2!";iC lin!EE900.'

us.90 *1.L. SG r u ou u R au)
!!8i!! 9CC8: 10:!!!
11818!'2!.'1 4!!35" S " " * ' '' ' SS " ' ' " " " " ' ' '

1306C2 9CCC. 137.633
CC 2 1g3 Les/SEC 529. 1. O. *I.L. SG STEAM CISCHARGE (J44)

,

138 0 k*32 0 LaS/SEC 527.2 1. C. *B.L. SG STEAM CISCHARGE (J47)
*

4 0 LBS/SEC 1100. 360. O. *I.L. SG RELIEF VALVE (J43)
309 2 1CSv C

13C9C3 1100 -102.E6

f f!!!!928 HlH!H H!f!!!!Hik!!!!!!Dlie tit:4292881!!!i!?!!8t atteatt%3IIHiUH8

&1216 067*** /-
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TABLE A-IV (contd)

O

CCCCg0CC0111111111122222222223333333333444*4444445555555555t6e6666666777777777781234,67E9C1234567890123456789C1234567E9C12345t?89C123456729012345678901234567690

13C904 2000. -102.t6
131CCC $ 2 4 4 C LUS/SEC 110C. 560. C. *B.L.SG RELIEF %ALVE (J48)
131CCI 0. O.
131CC2 ICsq. C.
131CC3 11CO. -102.86
111CC' 2000 -1C2.46
1311CC 14 1 2 4 C L65/SEC 900. 80. O. *I.L. 5.G. AUX. F.h. (J53)
131 1 C. t.465
l 2 9CCC. 6 465
13'11 C 15 1 24 C Lat/SEC 900, 80. C. *B.L. S.Ge AUX. F.b. (454)
1312C1 0. 6.461
1312C2 9CC0 6.465
** M1billC1 dChiTAni LATA **
14CCCC C C. C. C. C.
** SCEAP T46LE CATA **
1410CC -9 3
141001 C. 1.C00
141CC2 3. 400
141CC3 E. .123
141CC4 10. .C60
141005 30. .CS/
141CC6 60. .044
141CC7 ILO. .C4C
141CCt 200. .C35
141CC9 1C00. .C23
** FEA1 18Ah1FER SLRFACE C)PC **

15CCCC 2 0 0 ?
** FFAT SLAP CATI **
** CCFi FEATLaPS (HIGH FO%EF RGCS) **
150011 C 1 1 C 2 C C C. 1.9806 .01748 C. .0111 0. 0111 0. 12. C. 2.

15CC21 C 1 1 1 2C0 C. C.9943 .00E74 C. .0111 C. .0111 0. 12. 2. 3.

15CC31 C 1 1 1 i GC C. 9943 .00674 C. .0111 C. .C111 C. 12. 3. 4

15C041 0 1 1 1 2 C 0 C. 9943 .00074 C. .0111 C. .C111 C. 12. 4 5

15CC51 C 1 1 1 2 00 C. 9943 00074 C. 0111 C. .C111 C. 12. 5. 6
15C061 C 1 1 1 2 C0 C. .9943 .00874 C. .0111 C. .0111 0 12. 6. 7.

15CC71 C 1 1 1 2 CC C. .9943 .00E74 C. .0111 0. .C111 C. 12. 7. 8.

ItCCel C 1 1 1 2 C C C. 9943 .COE74 C. .0111 C. .0111 0. 12. 6. 9
10.C. 12II.9 IC. 12.E..C111.01110.15CC91 C 1 1 1 2 C C C. 9943 .COE74 C. .0111 C

'1 * 01 C 1 C 1 1 1 2 0 C C. 1.9886 .C1746 C. .0111
** CCpt htAT SLA05 LCh POWEk ROCS) **
150461 0 1 1 0 2 C0 C. 4.6401 .04079 0. 02903 C. .0$0e C. 12. O. 3.

150411 C 1 1 1 2C 0 0. 3.0934 .02719 C. 029C3 0. .0506 C. 12. 3. 5.

150481 C 1 1 12 C C C. 3.0934 .02719 C. 029C3 0. 0508 C. 12. 5 7
9!$0491 C 1 1 1 2 CC C. 3.0934 0271C 0. 029C3 C. .0506 C. 12. 7.

C C. 4.64C .04079 0. .02903 0. .0$0e C. 12. 9. II.
HEAT SLA8S .1

1505C1 C 1 1 1 2 C *** Ib1ACI LOOF !G
15C131 12 3t 20 3 CC 31.9177 39 6966 .146216 .0335 .04167 .0335 04167
150132 E.4fC4 c.4604 .7Ce35 c.324!3750141 13 3t 2 1 3C C 16.2777 20.246C .C745cq .C335 .C41t? .C335 04167
150142 e.4804 S.4004 c.32455 9.1Pe75

OCCC{ C0 C01111111111'2 2 2 2 2 22 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 55 5 5$ 5 5 5 55 6 666 666666 77 7 7 7 7 7 7 77 612 3 4,c 7 E9 C l? 3 4 5 e 7 E9612 3 4 5 c 7 E9 012 3 4 56 7 t9 C 12 3 4 5 6 7t 9 012 3 456 7 E9 012 3 456 709 012 3 4 56 789 0
,

$$#eA-18

1216 068'
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TABLE A-IV (contd)

khhkkh N N b bb h N N b kNhh fhhb b hk N3 b678 N k23 N b hbkhk N6h N 0 b N fb 69b
150151 14 38 20 3 0 0 31.9177 39.6906 .146216 .0335 .04167 .0335 .04167150152 E.4604 8.4604 .7C835 6

16.277)32453150181 13 30 21 3 C C 20.246C .074569 .0335 .04167 .0335 .04167ISC162 6.4e04
e$G HEAL SLAB 3e.32455 9.iee75

4e04
** BPCKEN LCCP **
150171 23 20 30 3 0 0 9.4569 10.652 .C4106 .06475 .072917 .06475 072917
150172 25. 30 C. 23.25
150161 24 20 3 1 3 C C 2.93125 3.30096 .C12724 .C6475 .072917 .06475 .072917
150182 6.ib 3C. 23 25 32
150191 25 20 3C 3C 0 9.4569 10.652 .C4106 .C6475 .072917 .06475 .072917

*f2.9312's
* *

2C 3 C 3.30096 .C12724 06415 .C72917 .C64 75 .072917
1502(2 6.15 30. 23.25 32
150211 23 C 4 0 1 0 C 71196 C. 424093 .06475 0. 06475 C. 1.75 O. O. 1.75150221 25 C 4 0 100 .7119e C. 424093 .06475 C. .C6475 C. 1.75 0. O. 1.75** LChER PLch0M HEAT $ LABS **
150231 35 C 5 0 1 0 0 2.2466 C. .5655 .293 0." 9*93 0. .9896 C. O 90962

- - "6 '"g6 "''liit!J lh*JJ idei*!'''6 - '"3 " - -

1t0251 C 36 6 1 20 0 0. 4.54576 .039965 0. .C478 C. .C47E 0. 1.64564 0. 1.64564** CCRE BARREL HEAT SLA25 **
150241 1 0 11 1 1 0 C 2.81 C.

b.53657 .C29056 C. b.29056 C.
12. O. C. 35 C

15C211 1 C 11 1 1 0 0 1.87333 .3e9104 .029056 .029056 0 12. O. 3. 5
15C2e1 1 0 11 1 10 0 1.87333 C. .369104 .029056 C. .C29056 0. 12. O. 5. 7.
150291 1 C 11 1 1 0C 1.87333 0. .369104 .029C56 0. .C29056 0 12. O. 7. 9.

!! afid EL M AJrs M 1 h ". 36"
" '6 '"'' " '- '2-- - - - -

9*0321
0311 2 C 11 1 100 .57C967 C .164C7 .05544 0 C5544 C. 1.0008 C. O. 1.00083 C 12 C 1 0 0 1.64699 0. .35657 .099 C. .069 C. 2.1775 O. .21916 2.17744

dlM Mi M13M 2t"' " 2- " * * ' " " 2" - ''"' - " '""

J!cliMJJ' aid id8P!!"' ".4EE984
2''" "6" " " ' * ' " ' '"'' " ''2"-

15C351 3e 34 7C 1 C C 1.64611 1 .0820Cle .077828 .0854215C352 .077e2t .CE542 1.64584 1.45 O. 1 64584
15C271 34 C t 0 1 C C E.22961 C. .5665cf .182C83 C. .182083 C. 15. C. 2.1667150512 16.55333
li!!n i;.id31 !dd7! **2' " ' " " *"2" " "2" " 2"""
15C391 C 34 10 0 2 C C C. 2.75C2 .13636 0. .14275 0. .14275 O. 2. 16.63666150392 16.71999
** Ih7ACT LOLP FIPIhG HEAT SLABS **
15C111 10 0 13 C 1 C C 6.41C6 C. .273029 .21867 C. .21867 C. 9.3317 0. O. .218671S0121 le C 13 0 1 0 0 7.0855 C. .300994 .21e67 0. .21867 0. 10.308 0. O. O.150361 17 C 13 0 1 C C 5.7431 0. e243967 .21867 0. .21667 0. 8.3551 0. O. O.
H ifMS Mi idJC sM'! bit :!''"' '''" ". .2 2*"

"' *" " 2 ""-

150411 21 C 14 C 1 0 C 2.463E4 d. 069812 .111$ C 1115 C. 7.03375 0. O. .11151 0421 27 C 14 010C 3.61634 0. .106176 .1115 O. .1115 C. 10.9008 0. O. O.150431 26 C 14 C 1C C 3.01737 C. .085462 .1115 0. .1115 C. E.614 0. O. O.

!!in!nn U !b WHi!!!iHinf!!HHilenuniM!iliHHintnN29nlUUlH138

*1216 0
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TABLE A-IV (contd)

0

1ssssssseiuitiiiiaserst:141: sri :::4rattin:::,tastisti:3i:8tssee:$i8ar111:21:48
15C441 30 C 14 C 100 650C67 C. .C19536 .1115 C. .1115 C. 1.97 0. O. .1115
15C451 32 C 14 C 1 C C I 321752 0 .C3742 1115 O. .1115 C. 3.77333 0. O. .1115
** 5.0. SEC0bdAR7 hA1LRIL CChVECIICh CARC$ **

O 4
15C154 2
ItC164 2
150174 2
15CIE4 2
150194 2
15C2C4 2
** CCRF FEAT SLAB DATA CARD **
160C1C 2 6 1C C. .C2935 C. O.
leCC2C 26 1C C. .C2902 C. C.
ItCC30 2( IC C. .C397E C. C.

f Ch b SC C.
* * * *

. . .

ItCCCC 26 10 C. .C5C54 C. C.
ItCC7C 2 e 1C C. 0469t C. C.
ItCCEC 26 1C C. .C3978 C. C.
ItCC9C 2 e IC C. .C2902 C. C.

hbkkb fC b*. *.h eb
*

0.
ILL47C 26 1C C. .13493 C. C.
leC4EC 2e LC C. .15724 C. O.
It049C 2 e 10 C. .13493 C. O.

EATSLkb
* '

68 LMEiRf C R **
** CCRL kEC1Cha (eGt=1, P RL=3,4,3,1,1 **

*CChST Ah;. TRICE*8CR0h N1701C1 2 $ 3 1 C. 002917 C.
' AN1701C2 C 4 4 .CGe458 1.

17CIC3 C 3 4 .005125 O. *8CR0h h. TRICE
170104 C 1 4 .C01 0 8316 STA;NLESS STEEL
17CICS C A 4 CC2003 C. *316 STAINLESS STEdL
** IhTACT LCCF Sb iLbFS, GECP=2, Pihl=5 **
17C2C1 2 15 4 .C1675 .C04CE3 C. *INCONEL 600
** BRCkFN LanF SC TLdES, CFCF=3, PTRL=5 **
1703C1 2 1 5 4 .032375 .004CP3 0. *INCGNEL 600
** EFCnih LCLF 50, 6tLb=4, PTFL=1 **
17 CACI 2 1 1 t .C32375 .Itt7 C. *316 STAIhlESS STEEL
** LChER PLEhtM HALLS, GECP=5, PTRL=1,2,1 **
170501 2 3 1 2 .4C6254 .0C233 0. 8316 STAINLESS TEEL
1705C2 C 2 1 .00417 C. *AWESACE 2-PHAS
110tC3 C 1 3 .16667 C. 4316 STAINLESS TEEL
** CC6E nCL E) TENS 10NS, GE0H=6. MTRL=7,3,1,1 **
37CtC1 2 4 7 1 L. .CIC4167 C. *CCPPER (CA 102)
17C60c C 3 1 .C04083 C. *2CRCh h11 RICE
11 cec 3 C 1 1 001 C. 8316 STAINLESS STEEL
17C6C4 0 1 1 .C02003 C. *316 STAINLESS STEEL
** PI)ER EC), GECP=7, P.T R L = 1,2,1 **

kh h0123 h 890ff ' f 8967f9C 3 29C 3 29C123 56 290C 12 3

/ .
A-20

1215 070
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TABLE A-IV (contd)

Shbk!bhhhbkhkk56hhhb$$$khbhfkC|2$!!fhhhC123 56hb9bkh$kb6h!9hkIIkhkhehbffd5dh|db
170701 2 3 1 4 .159375 .C3125 0. *316 STAIhLESS STEEL17C7C2 C 2 1 .00417 C. * AVERAGE 2-PHASE17C7C3 C 1 2 .00633 C. 4316 S1AINLESS STEEL** CChhCOPER, GEOP=6, MTRL=1,6,2s1 **
170601 2 4 1 2 .09104 .007913 0. *316 STAINLESS STEEL17 CEC 2 C 6 2 .C09542 0 *GRAFOIL17 CEC 3 C 2 1 .00083 C. * AVERAGE 2-PNASE170EC4 C 1 2 .C365 0. *316 STAINLESS STEEL** INLtT At.htLUS, GEON=9e M IE L = 1s 2s 1 **
170901 2 3 1 2 .271375 .00633 0. 9316 STAIhLESS STEEL17C9C2 C 2 1 .00417 0. * AVERAGE 2-PHASE17CSC3 C 1 2 .0755 0. 8316 STAINLESS STEEL** INLE1 ANNLLUS, GEOP=10, MikL=1,2,1 **
171CC1 2 31 2 .14325 .04425 0. ^316 STAlhLESS

*AVERAiE 2-PHASc} TEEL171CC2 0 2 1 00417 C.
17**1CC3 C 1 2 CCt33 C. *316 STAlhLESS STELLCCRE BARREL HALL, GEOP=11, NTRL=1,2,1,1,1 **
1711C1 2 5 1 2 .132114 .00175 0. *316 STAINLESS STEEL1711C2 C 2 1 .C01667 C. *AhERACE 2-PHASE
!?llE!E 1i :82!!!8: *!12ilflutili!I!!!171105 C 1 2 .C72 C. *316 S1AIhLESS STEEL** LPFLR PLftun. GECH=12, N IR L = 1,2,1,1 * *
lil!El ! ' ) ! '3"'' :88!!!! 6. :!?8812i2916A15 5''''
11128!8 1! :83 4!! 8- :!!!iliisttil!IlitfhTACT FIPIhG CEGN=13, MIRL=]LOOP **

.1C933b .0365 C. * 316 S T AINLE SS STEEL1301 2 1 1 4
BR0kEh LPLF P1F1 hgs C C0h a 14s MTFL=1 **

1401 2 1 1 4 .C5575 .023417 0. *316 STAIhLESS STEEL** TFEhrAL CCh0LCTI%ITY CATA **
160101 -3 100. 7.75 5 316L STAINLESS S T E F.IECIC2 eCC. 11.0C $ 316L STAINLgSS ST[;180103 1600. 14.30 5 316L STAINLESS 5 T ci: .

.

1802C1 -P 212. C.02 5 AVERACE T WO-P N AS E DATA1E02C2 572. 0.03 1 AVEEAGE TWO-PHASE DATA160301 -6 400. e.1 1 BCxCN NITx10c1FC3C2 SCCe 6.6 $ BCRCP. N11R10%1603C3 1200. 5.6 5 o0RCN hl"nLD 41E0304 1500. 4.9 $ BCRCH NI"R;,0':1603CS leCC. 3.7 $ 20kCN NJ"x 0 LIE03C6 19CO. 3.5 $ BORCh N J"R.,DI:1E0401 -2 0. 14.00 1 CONSTANTAN1E0402 3CCC. 14.0C 5 CONETANTAN1E05C1 -t ICC. 8.5 $ INCENEL 6001805C2 3CC. 9.6 1 INCChEL 6COleCSC3 SCC. 10.6 1 INCCNEL 6CC1605C4 700. 11.6 5 INCCNEL 600100$C5 900 12.6 $ INCCNEL 6C0

CCCCCCCC011111111112222222222333333333344444444445555555555666666666677777777778
123456769C123456s69012345676s01234567690123456769C123456769012345678901234567690
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TABLE A-IV (contd)

O

GCgCgCC0011111111412??22{222233333333334444444444555555555566666666667777777777812. 4, t it9 C 12 3 45 t 7 F 9 012 3 4,6 7 t9 C 12 3 4 5 6 7t9 C 12 345 6 7 E9 C 12 34 56 7 49C123 456769012 3 4 5 67890

180$C6 11CC. 13.6 5 1hCCNEL 600
1EC(C1 -t 250. 2.t75 5 GRAF0 Ln

1E0602 500. 2.45E 1 GRAF0 .L

1EC6C3 750. 2.C83 1 GRAFC,,L

1E0604 10C0. 1.633 i GRAFDL L

180605 12 5 C . 1.742 1 GRAFD. L

1606Ce 1500. 1.6E3 1 GRAFU L

1E06C7 20CC. 1.t67 i GFAF0, L

1606CE 30C0. 1.75C 1 GRAFO,L

1607C1 -4 32. 224.C 1 CDPFEk CA 102
1607C? 212. 218.0 5 CCPPER CA 102
1807C3 572. 212.0 1 COPFER CA 102

932 2C7.C 1 COPPER CA 102
160704VCLLPc1pIC HEAT CAPAhlTY OATA **
1901C1 -4 400. 61.3 5 316L AINLESS , FEEL**

1901C2 600o e4.e $ 316L A hL'SS STktL
1901C3 600. 67.1 1 316L A|, hlb 55 STEEL

1901C4 10C0. 69.35 5 316L STA; NLESS STEEL

190201 -2 212. 1.0 5 AVEGAGE .h0-PHASE LATA

1902C2 172 e4.0 1 AVERAGE TWO-PHASE DATA

190301 -7 400. 37.5 5 B0kth NLTx. 0E

bb*

3 1 . .

14C3C4 16C0. 58.3 i BORCh h11 R105
1903C5 20C0. 60.5 5 BORCh h1TR106

4 5 00R0h N|,1 RIDE
19C3C6 24C0 61 5 BORCN N TRIDE

Cuh 5T AN;1903C7 34C0. 62. 1
' AN

1904C1 -7 212. 56 1

190402 572. 61 5 CONSTAN"Ah
1904C3 932. 67. 1 CGNSIAh' Ah

1904C4 1472. 73. 5 CGNSTAN"Ah
19040t 2192. 76. 1 C0hSTAhIAh
19040e 25t?. E4 1 CCh)TANTAh
1904C7 30C0 90. 5 CGh;TANTAN

600
{NCChEL19CSCI -2 10C. 57.225 5

!!8!8i 2c|8: !!:(!! I ct1Ealt
6

-9 4

1906C2 17C.4 14.7CC 1 GRAFO ,L

14 cec 3 260.4 17.150 1 GRAF0 'L
190tC4 35C,6 19.6C0 $ CRAFD ,L

19C605 440.4 21.35C 1 GRAF01L
19CtCe 530.4 22.4C0 $ GRAF0,,L

190607 620.4 23.E00 $ GRAFO,,L

190e06 71C.4 25.200 1 GRAFO 'L

190 e C 4 6C0.4 26.320 $ GRAFO,L

1907C1 -2 100. 51.336 1 COPFER CA 102
190702 600. tl.33t 1 CCPFER CA 102

* CHAhGts FOP MCD-1 1.L. PUPP 50CTIOh PIPF

344444444445555555555666666666677777777778
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TABLE A-IV (contd)

khhkhbhkh!fNhdNkbkbbbbhhkbfhhkhhNht$23N$1Nbkh!N!h6kbkhhNkh89C123 56h89b
450161 2C 2213.2370 544 -1. .1915 4.g6764.66780 .C3755 .21067 -3.457 0

1 6 1 01 1 C3755 * . 6 C. 29 C9 I 200 C 06 0
*

4
* TEPPr.FATLRs. bALANC:
* CORE ECLN0tGf bCLLK%
22C2CC 3e 2

22 ICE 12 13 14 3E 15 43 44
*

2 IU I 23 24 25 2C 2t 46 47

* CUSE FLCm PATH
22C210 1

22 II55 6 17 1E 19 34 35 36 32 31 30 29 26 27 26

* CCRE - S.G.
g2C2t1 2 3 4 10 12 21 22

2 $CE 57 I 15
*

$bi
6PRESSLkF

28 3 26

eALAhCE
* PAEALLEL FLLh FATHS
* 22C312 hChE
* OfA0 FhC FL0m PATHS
22032C 4
220321 33
22C322 34
j20323 32

* MAlb FLCh LLOP
2204CC 4 10 11 12 13 14 15 16 17 16

4 3 2 1 36 35 34 19 16j204C1

20 C2 2 2 23 24 25 26 27 28 29
g204C3 34 32 31 3C 29

* NEGATIVE RESI00AL TLRNCFF
22CACE 1
.

CCCCgCOC0111111111122222222223333333333444444444455555555556666663666777777777781234,6764C1234567e9012345672701234567t9C1234567890123456789012345678901234567890
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f4PPENDIX B

RELAP4 MODEL FOR AUDIT CALCULATION

The nodalization diagram for the RELAP4/ MOD 7 model used for the

Westinghouse PWR 2.1% cold-leg break calculation is showr in
Figure B-1. The model includes 40 contral volumes and 47 junctions.
One control volume is used to represent the lower pknum, one volume
to represent the core mixer box, th,ee volumes to represent the core,
and one volume to represent the upper plenum. Table B-I provides

physical descriptions of the control volumes used in the model. Table
B-II describes the jc.'ctions 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

/

1216 075



O 9 -

(

e e.' ,

\ .ILS ,

n *II Mssuent sR a
y :S,

3W'

27

q 5, JN " ,r2.
I

'' ''
\' s .g se'

p Y -}
i, l' 11 31 x ,;j

$,e 4u ,' -

3 36 I-> Bi 6
'

2 il -4 Y,

%' L,J
'

| ,' ,l id .9., ' ' ~
1, --

, '
* ' l' a. i

'

sy 3S % T,3 ,7 Y -"
~ , __.

5 .- J Of N j _M- I'
#V #9 14 ;-'37 m is -Ii 'j e j

s s

!!/' : 33 .

'
,

I hub N ''
* ~ '

23 f
28 ?i'

|6, a ce w 'ja;/
- 5|_.i - ''

, -
'

'' f I (:: ew 1
.

en G n"" * ~rl /p |!

! as W, ' : . I' :/ -c

h ~

~37 i__.#
,

i . , , ,

/
-

|
;< _ _ _ _ _

/

[ h 3' l .'
i

|%~ / % ,; '" ~\_ L I; ,
~s I. f

,
'*31+ ,o I ,~

|7|
~

,,~'
3c q c 23 ,

,

.
I II -

! 29 ;
,

m Acc.o
N -

0-

gOs
WV O Fi g. B-1. RELAP4/ MOD 7 modei for Westinghouse PWR,g

N
ON

1
0



~ ,

TABLE B-I

RELAP4/M007 MODEL CONTROL VOLUME DESCRIPTION FOR PWR

Control Volume Description

1 Intact loop hot leg
2 Intact loop steam generator inlet plenum
3,4,5,6 Intact loop steam generator tube bundle
7 Intact loop steam generator outlet plenum
8 Intact loop pump suction - downflow
9 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 loop steam generator tube Sundle

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 steam 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 baffle region
1216 077
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TABLE B-II

RELAP4/M007 MODEL JUNCTION DESCRIPTION FOR PWR

Junction Description

1 Intact loop hot leg, intact loop steam generator inlet
plenum -

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

3,4,5 Intact loop steam generator tube bundle juctions
6 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 loop pump
10 Intact loop pump, intact loop cold leg

9 11 Intact loop cold leg junction
12 Broken loop hot leg, broken loop steam generator inlet

plenum

13 Broken loop steam generator inlet plenum, broken loop
steam generator tube bundle

14, 15, 16 Broken 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 loop pump
21 Broken loop pump, broken loop pump discharge and break

assembly

22 Broken loop discharge and break assembly, t'roken loop
cold leg

1216 078
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TABLE B-II (contd)

Junction Description

23 Broken loop pump discharge and break assembly, presure

suppression vessel

24 Intact loop accumulator, intact loop cold leg
25 Broken loop accumulator, broken loop pump discharge and

break assembly

26 Pressurizer, intact loop hot leg

27 Intact loop cold leg, inlet annulus
28 Broken loop cold leg, inlet annulus

29 Inlet annulus, downcomer

30 Core mixer box, core

31, 32 Core junctions

33 Core, upper plenum

34 Downcomer, lower plenum

35 Inlet annulus, core baffle region

36 Core baffle region, core mixer box

37 Lower plenum, core mixer box

38 Upper head, upper plenum

39 Inlet annulus, upper head

40 Upper plenum, broken loop hot leg

41 Upper plenum, intact loop hot leg
42 Intact loop steam generator main and auxiliary feedwater

43 Intact loop steam generator discharge

44 Intact loop steam generator relief valve
45 Broken loop steam generator main and auxiliary feedwater

46 Broken loop steam generator discharge

47 Broken loop steam generator relief valve

O
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TABLE 8-III

MODELING OPTIONS FOR PWR CALCULATIONS

1. 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 accurculator
junctions, core bypass paths and all fill junctions.

2. Vertical slip is used at all vertical junctions in the model

except in the steam generator tubes.

3. 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

8 modeled in the accumulator. A constant bubble rise velocity

and bubble gradient are used in the steam generator
secondaries. The values are code calculated to achieve an
initial energy balance.

4. 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).

5. Core heat transfer is calculated with the default and/or
recommended options for the RELAP4/M006 Update 4 code.

These are (1) use of HTS 2 heat transfer surface, (2) CHF
calculated with recomended CHF correlations, (3) Transition
boiling calculated with modified Tong-Young correlation, and
(4) film boiling calculated with the Condie-Bengston III
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. 1215 080
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TABLE B-III (contd)

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

7. The new slip velocity model developed for RELAP4/M007 is

utilized. The new model employs a flow regime dependent
correlation which results in a more accurate calculation, of

interphase slip velocities.

8. The RELAP4/M007 self-initialization routine is used to
effect initial system pressure and energy balances.

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

9

9
1215 081
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