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2. TEST FACILITY AND TRANSIENT DESCRIPTIONS
2.1 Test Facility

Semiscale ‘Mod—2A is a scaled model representation of a four-loop pressur-
ized water reactor (PWR) nuclear generating plant, with a fluid volume of about
1/1705 of a PWR. The scaling philoscphy followed in the design of the Mod-
2A system (modified volume scaling) preserves most of the important first-order
effects thought to be important during loss-of-coolant transient.

The system incorporates the major componenis of a PWR, including steam
generators, vessel, pumps, pressurizer, *nc 100p piping as shown in Figure 2.1. The
loop piping consists of an intact loop and a broken loop, the former representing
three “unaffected loops” of a four-loop PWR, the latter simulating the single
“affected loop™ in which a break is postulated to occur in a PWR. Fach loop
inciudes an active steam generator and coolant pump. The pressurizer is connected
to the intact loop hot leg, and the pressure suppression header and tank are
connected via the rupture disk assembly to the broken loop cold leg. Emergency
core coolant (ECC) from an accumulator and high or low pressure (low pressure
~aly for S-1B-3) injeciion system pum,s are routed to ti/ loop cold leg (intact
lcop only for S-IB-3). Feedwater is supplied to the two steam generators from a
heated tank and the staam routed through control valves to the atmorphere, ie.,
an open 0op secondary coolant system is used.

For test S-IB-3, the vessel is multi-sectiona! consisting of an upper head,

upper plenum, heated core region, lower plenum, and an external inlet annulu. and

downcomer pipe. The core simulator consists of a 5 x § array of electrically heated,

3.66-m-long, 1.072-cm-outside-diaineter rods which simulate the fuel rods in a

15 x 15 type PWR core. Equal power was applied to the 23 heated rods as shown in



Figure 2.2; and two of the rods were unpowered. The peak to average power ratio
is 1.56 and the total design power per rod is 116 kW at 380 Vdc. The maxizum
linear heat generation rate per rod is 36.8 kW/m and the maximum rod design
temperature is 1275 K. The number of turns per inch of the electrical heating coil
is varied along the rod length to give the staircase approximation of a cosine axial
heat flux shape.

The intermediate break S-IB-3 test involved a break at the horizontal mid-
plane of the cold leg pine, between the broken loop pump and downcomer inlet,
and at a position relative to that pipe simulating a break in its wall. This was
accomplished by utilizing a communicative break assembly, with break oriffice or
break nozzle and rupture disk assembly cc. _nected to the pressure suppression sys-
tem. The converging diverging nozzle with throat diameter 0.78867 cm was sized
to preserve the ratio o. Jreak area to system volume for the LOBI B-R1M test.

Couditions in the system were monitored by an extensive network of metal
and fluid thermocouples and differential pressure transducers. In the affected
(brcken loop) steam generator, both tubes were extensively instrumented with
both piimary- and secondary- side fluid thermocouples and several primary-side
differential pressure transducers. Average fluid density was measured in the loops
and vessel with gamma densitoraeters while volumetric flow was measured with
turbine meters. Condensing systems and catch tanks were included to measure

effluent from the steam generator atmospheric dump valves and the break assembly

(break flow).

2.2 Transient Descriptions (3]
Test S-1B~3 was performed in the Semiscale Mod-2A facility. The experiment

simulated intermediate break loss—of-coolant accident involving 21.7% break area
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of the cold leg in a PWR with inverted top hat, non-UHI upper internals. This
tost duplicated, as closely as possible, a test of LOBI B-R1M conducted in March
of 1981 in the Loop Blowdown Investigation Facility, which was a 25% break test
in the LOBI facility in Ispra, Italy.

The test was condcted from initial conditions of 15.5 MPa and 563 K (average
of both loops cold leg temperature at downcomer inlet) with a simulated break
size (21.7%) of the broken loop cold leg piping at an initial core power level of 1.44
MW, and an initial core inlet flow rate of 7-8 kg/s adjusted to permit achicvement
of core 33 K temperature rise. After initiation of blowdown, the exact timing of the
occurrence cf the controlled events can be found in Table 2.1. Immediately arier
rupture of ‘he pressure houndary, the core power and pump speeds began following
controlled transients. Shortly after the pressurizer pressure reached 12.6 MPa, the
broken loop steam generator steam valve was closed at 5 s. This was followed by
closure of the breken and intact loop steam generator feedwater valves at 2.5 s and
30 s, respectively. Approximately 163 s after the depressurization of the primary
system continued, and the accumulator actuation pressure (2.7 MPa) was reached,
the accumulator flow was initiated. Upon reaching a primary system pressure of
1 MPa, the intact loop steam generator steam valve was closed, the power to the
broken loop pump was tripped and Low-pressure Injection System (LPIS) flow
was initiated shortly thereafter. The test were terminated vupon reaching the end
of available data acquisition space. -

The depressurization of the primary system caused the vessel upper plenum
fiuid to reach saturation conditions within 1 to 2 s after rupture of the pressure
boundary. As the vessel coolant was displaced from the core, the heater rod

temperatures began to increase. Before the blowdown ends at the system pressure



of 1 MPa, the vessel lower plenum was refilled and reflooding of the core was
initiated. Thereafter, the reflooding of the core associated with the flow of LPIS

liquid led to the eventual quench of the core at 350 s.

3. CODE AND MODEL DESCRIPTIONS

3.1 Computer Code

The RELAP5/MOD2 Cycle 36.04 computer code is used to simulate the tran-
sient thermal-hydraulic response of the semiscale Mod-2A system during exper-
iment S-IB-3. RELAP5/MOD?2 is based on an one-dimensional, two fluid, six-
equation, thermal non-equilibrium non-homogeneous hydrodynamic model and
includes thermal-hydraulic and component models, to describe the processes that
occur during the blowdown of a PWR. This computer code is developed at the
INEL for the U.S. Nu.'sar Regulatory Commission (USNRC). Specific applica-
tion of the code to the experiment S-IB-3 simulation is discussed in the following

sections.

3.2 Model Descriptions [4]

The RELAP5/MOD2 model of the Semiscale S-IB-3 simulation is shown in
Figure 3.1. The nodalization used in this study is based on the nodalization pre-
sented in Reference 5. This model consists of 142 hydraulic volumes, 139 junctions
and 167 heat structures to describe the Semiscale Mod~‘2A system including reac-
tor vessel, broken loop, intact loop, pres.urizer, steam generator, and ECCS. Brief

descriptions of the RELAP5/MOD2 model of the Semiscale Mod-2A facility are

presented as follows.
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3.2.1 Reactor Vessel

The reactor core is modelled by six control volumes of equal length covering
the active length of the heated core (3.66m). The twelve-step axial power profile
is modelled within these six volumes (two steps per volume). Equal power was
applied to the 23 heated rods; two of the rods we . _..power~d. In modelling of
the reactor vessel, a total of 36 hydraulic volumes and 42 junctions were used to
represent the vessel hydraulic space.

The downcomer inlet annulus are branch components which connect the pip-
ing cold legs to the downcomer and upper head bypass line. In Semiscule, the
annular downcomer of a PWR vessel is replaced with an external pipe to permit
extensive instrumenting of both the core and downcomer regions. The downcomer
control volume boundaries occur at the same elevations as control volumes in the
vessel for ease in liquid level tracking. The lower plenum and upper plenum are
divided into several control volumes and simulated by branch or single-volume
components in the RELAP5/MOD2 model. Flow resistance and percent bypass
flow through the upper head bypass line is adjusted at the junction between the
two control volumes of component.

A total of 44 heat structures representing the flow ducts and reactor ves-
sel are modelled to describe the appropriate heat transfer between different flow
channels, and ambient. Heat transfer between physical structures and primary
coolant is modelled by defining the appropriate geometry and boundary condi-
tions in RELAP5/0OD2 heat structure components. The environmental heat
loss components are bounded by a primary coolant volume and an ambient (air)
volume. Besides, honeycomb and steam gap insulators were also appropriately-

modelled.

10
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3.2.2 Broken Loop

Modelling of the broken loop deserves careful attention since the accuracy of
the break flow calculation is of major importance in the predictions of the system
responses. In this study, the broken loops (hot leg and cold leg) are simulated by
a series of branch and pipe components, and the break junction is simulated by a
trip valve with 4.885 x 10 ®*m? flow area of a converging/diverging nozzle. Down-
stream of the break junction, the broken loops are connected to time-dependent
volume where the pressure boundary condition of the blowdown suppression tank
is provided. Flow areas and flew resistances of the junctions along the broken
loops are specified to simulate the pump suction, steam generator, and broken
loop piping. Choked-flow model is applied to the junctions wherever the junction
flow area is restricted.

Determination of the break genmetry is also of importance in accurately cal-
culating the break flow. A dischurge coefficient is required to account for multi-
dimensional effects at the break that cannot be calculated using one-dimensional
computer codes. A recommended discharge coefficient of 1.0 and 0.84 are ap-

plied in the broken loop cold leg break for subcooled «nd saturated choked flow,
respectively.

3.2.3 Intact Loop

In modelling of the intact loops, the hot leg, steam gen~rator, primary coolant
pump (PCP), and cold leg are simulated by branch, single volume, pipe, and
pump components. Control volumes are divided at interfaces of flow area change,
branching locations or instrument locations. Pump characteristics (including head
curves and torque curves) are provided for single-phase homologous conditiors. A
s~t of two-phase multiplier and difference curves are input, in conjunction with the
single-phase curves, to calculate the two phase pump performance. Two major

braach locations are the pressurizer in the hot leg and ECC injection in the cold

leg.

11
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3.2.6 ECCS

The emergency core cooling systems, including the accumulator and LPIS
are simulated in the RELAP5/MOD2 model. The accumulator is represented as a
time-dependent volume. It is actuated at a given time rather than by a specified
low pressure of 2.7 MPa. The LPIS is modelied by a time-dependent junction
which is activated by a iow system pressure of 1 MPa. The LPIS is operated by
centrifugal pump, which is controlled to inject coolant at a pre-programmed rate.

In addition to the system modelling, adequate control variables including fuel
temperature, collapsed water level, pressure, and volumetric flow rate etc., are

generated so that direct comparison with test data could be made. A.l input data

are listed in the Appendix.

3.8 Initialization Process

The RELAP5/MOD2 model oi the Semiscale 8-1B-3 exper'ment simulation is
initialized to a steady-state corresponding to the test initial conditions before it is
utilized for the intermediate break LOCA transient analysis. During initialization,

the following processes are taken:

(1) Through reviewing the available documents in hand, no information about

feedwater, break flow rate, and steam valve open rate have been provided.
Besides, the measured hot leg temperature in broken loop presented in Table
5 (596.9 K) and Appendix (589.6 K) of Report No. EGG-SEMI-6013/6] are
not consistent. Consequently, an effort was iuitiated to simulate feedwater
flow rate and steam valve open rate using control system, which should be
adjusted to meet the required energy balance and 1:3 loop steam flow ratio

criteria. The measured break flow rate is calculated from the summation of

i S oA o S M e e
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secondary side in intact loop (ineasured data is 732.7 ¢m) and broken loop
(measured data is 713.8 cm) are not consistent with the differential pressure
measured at the test's initial condition. Because there is no liquid level data
during the transient, the differential pressure data is selected. Consequently,
the liquid level of intact and broken loop were revised into 1050.0 em and

982.0 cm, respectively.

Five hundred seconds of steady-state calculation was proceeded. It was
achieved by using some initialization techniques including pressurizer pressure
control, 8/G steam valve and feed valve closure, pun:p coastdown, and ECCS
actuation controi, etc. The calculated tniwa! conditions of the RELAP5/MOD2
model obtained by the initialization process are listed in Table 2.4 in comparison
with the specified and measured data. The comparison shows minor differences
between measured and calcu'ated results, however, tl.ey alrmost matched quite

well and were acceptable.

4. RESULTS AND DISCUSSIONS

In this section, analytcal results of the experimental simulation of the
thermal-hydraulic responses of S-IB-3 test are assessed through comparson of
test data. Besides, effects of several different modellings are also indep~ndently

investigated as sensitivity studies to compare with base case results and *est data.

4.1 Base Case Analysis

4.1.1 General System Response
Test results of approximately 320 seconds of transient time were used to assess
the RELAP5/MOD2 code. Following the test procedure in S-1B-3 simulation, the
transient calculatior initiated by the opening of break valves, has the following

major calculated event timings as compared to the test data listed in Table 4.1.

15
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Dy investigating the ~verall experimental phenomena, system behavior dur-
ing the first 130 s of the transient was characterized by continuous voiding from
the upper elevations going downward. The phenomena of interest include gravity
drain, liquid holdup in the steam generator tubes and pump suction upflow legs
due to steam flow, and the formation of liquid seals in the pump suction piping.
The calculated differential pressure and liquid level of the broken loop pump sne-
tion upflow lez are presented in Figure 4.6 and 4.7, iespectively. It shows that
RELAP5/MOD2 underpredicts the formation of loop liquid seals from 10 to 25
seconds, whereas i. fails to simulate the liquid seal clearance at 25 second. Accord-
ing to the experiment, hydraulic seals are formed in the pump suction loop U-bend
piping as a result of the slow gravity dominated depletion of primary cool?-.i /.
The liquid seals impede the flow of vapor (generated in the core) through -
coolant loop piping thus preventing steam venting from the break and this in turn
can indnce a differential pressure between the reactor vessel and downcomer. As
a result of failing to simulate the liquid seal clearance at 25 second, the calculated
result is overpredicted by RELAP5/MOD2 during the period of 20 s to 150 s as
shown in Figure 4.6. Thereafter, the restriction of vapor flow around ‘he loops
is reduced due to the fact that the pump suction liquid seal clears. Figure 4.8
represents the volumetric flow rate in broken loop cold leg. At 25 second, the
measured volumetric flow rate increases as the result of vapor flow rate associated
with the liquid seal clearance increased. The fact that this phenomena can't be
calculated in the simulation provides another evidence which shews that the liquid
seal clearance is not properly simulated.

Figure 4.9 represents the calculated mass flow rate from the upper head to
the guide tube and shows that no reversed flow occurs in the guide tule while it
is observed in the experiment. Since in \he calculation, there is no liquid seals
that formed in the pump suction legs, the vapor flow around the loops will not

be impeded and the vapor in the vessel will not be forced to flow up the guide

17
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tube into the upper head. On the other hand, the flow calculated in bypass line
reverses at about 14.7 s as shown in Figure 4.10 and starts to flow down the bypass
line to the downcomer inlst anrulus. The occurrence timing is well predicted as
compared to the experimentai results. Afte: initiation of blowdown, the flow in the
broken loop is being restricted and actnally stagnated at about 11.6s as presented
in Figure 4.11. This restricted flow caused the liquid which was being held up in
the upflow leg of the steam generator tubes to fall back down the tubes and forced
the flow in the broke.. '~=n hot leg to reverse.

The broken loop steam generator steam valve was essentially isolated prior
to and throughout the blowdown, while the intact loop steam: generator steam
valve was specified to be left open at their steady state operating position until
the s1 ‘tem pressure reached 1 MPa, then closed. Thus, this effective isolation of
the broken loop steam generator caused the secondary pressure in the broken loop
steam generator to remain very near to ‘he initial secondary pressure and conse-
quently the broken loop steam generator became a heat source earlier. In Figure
4.12, it is noted that the time by which the broken loop steam generator becomes
a heat source is about 12 s earlier than the test result of 22 5. It is suspected that
the condition of broken loop steam generator secondary side (whether it is heat
source or heat sink) has a major effect on the prediction of the broken loop hot
leg flow reversal. Further discussion will be ms=de in the sensitivity study later.
In contrast, the intact loop steam generator became a heat source arisen by 300 s
whick occurred much later than the test result. This evidence is shown in Figure
4.12. |

In Figure 4.13, it is seen that the calculated break flow transition from sub-
cooled to saturated condition occurs at 10 s. That is, single-phase blowdown
ends and two-phase blowdown begins at the cold leg break 10 s after the experi-
ment initiation. The comparison between the calculated break ruass flow rate nu?

test one is shown in Figure 4.14. It indicates that the flow is characterized by a






Figure 4.21 and 4.22 presents the differential pressure in intact loop pump up-

flow and downflow leg, respectively, which indicates that no liquid seals formation
and clearance occurred during the blowdown period. It can also be seen from Fig-
ure 4.23 that liquid level in intact loop pump suction upflow retains a monotonous
decrease, while no abrupt change in liquid level occurs during the clearout period
of liquid seals from 89 to 160 s, which is evidently different from the experimental
results. Thus, it is concluded that RELAP5/MOD?2 fails to predict the liquid seals
phenomena in intact loop pump suction. Furthermore, Figures 4.24 through 4.26
show the mass flow rates of intact loop hot leg, cold leg and vessei downcomer,
respectively. It illustrates that intact loop acts u a “liquid slug amplifier” since
the liquid slug calculated around 25 second is amplified along the loop down-
stream due to the condensation resulted from intact loop steam generator cooling
and liquid-vapor mixing in the pipirg. Since this behavior is not observed in the
test, it may partially explain the overprediction of intact loop flow rate during
the first 150 s. The measured pressurizer volumetric flow rate in Figure 4.27 is
shown to rise sharply at 7 s, characteristic of an abrupt transition from liquid to
two-phase flow. The occurrence timing and the magnit\ ie of peak flow rate are
well predicted during the transition, while the slope change in a drastic reduction
is steeper than the test data. In Figure 4.28, it is also noted that the calculated

pressurizer surge line mass flow empty occurred at 10 s after the test initiation.

4.1.3 ECC and Core Thermal Response
As described earlier, the calculated accumulator liquid as shown in Figure
4.29 starts flowing into the intact loop cold leg at 163 seconds. It is virtuaily
the same with the test results due to the fact that the accumulator is modelled

by a time-dependent volume instead of pressure controlled actuation at 2.7 MPa.

20
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According to the experimental phenomena, because of the condensation of steam
at the injection point, a regicn of lower pressure was formed at the injection point,
causing steam to flow up the external, single pipe downcomer. It can be seen in
both the calculated and measured data of Figure 4.30. Also, owing to the pressure
differential between the vessel and the break, the steam flow up the downcomer
was of sufficient magnitude to force the ECC liquid around the downcomer inlet
annulus an to the break (as shown in Figure 4.31), bypassing the core between
1€3 and 190 s. With the blowdown nearly over, the large driving force for flow
up the downcomer diminished and the ECC was able to penetrate the downcomer
and flow into the core /7. However, Figure 4.29 also indicates that there is no
LPIS injection during the hlowdown transient. Sinca the LPIS pump is specified
to inject liquid into tne intact loop when the pressurizer pressure reaches 1 MPa,
while the sys* = pressure is always above 1 MPa throughout the blowdown.

In general, the accumulator water, the formation of pump suction liquid seals,
and the core power are the major factors affecting the core thermal response during
slowdown (8], Before we discuss the calculated core thermal responses of S-1B-3
test, the experimental temperature excursions are described below. A composite
core temperature trace for this test consists of a decrease in temperature corre-
sponding to the saturation temperature in the core, fc' owed by a rapid increase
in temperature starting at about 50 seconds, to a peakx temperature in the range
of 740 K, and then followed by another, slower, decrcase until the core is rewet at
about 133 seconds, when a rapid decrease occurs. This is followed by a reduction
in the cooling rate until the temperature levels out and starts to increase again at
about 190 seconds. The temperature then peaks, :n the range of 630 K, and starts

to gradually decrease until the rod is rewet again at about 280 seconds. From this
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in the entire core to get high enough to cause dryout on all of the heater rods. In
contrast, RELAP5/MOD2 cannot give the prediction of the liquid formed seals
in thy pump suctions, therefore, an unrestricted steam generated in the core can
flow freely around the loops to the break, this leads to impediment of heatup. The
overpredicted density in vessel during the blowdown as shown in Figure 4.34 can

also be accounted for this result.

4.2 Sensitivity Studies

In addition to the base case calculation, sensitivity studies are performed to
explore the effects of input modelling and code options. Scenario study and simple
model modification, such as the effect of steam generator secondary side pressure
boundary, intact loop pump coastdown behavior, and some interesting studies
regarding break flow, etc., are also analyzed to elucidate the code capability. The
identifications of the cases performed in this study are listed in Table 4.2 with the
conditions which are different from that of the Lase case. The purpose and the

results of the sensitivity studies are discussed in the following sections.

4.2.1 PRESSB This case study is used to identify the influences of primary
coolant system thermal-hydraulic response predictions resulted from providing
pressure boundaries in steam generator secondary sides. The calculated system
pressure and break mass flow rate in this case as shown in Figure 4.35 and 4.36,
respectively, indicates that results are similar with the base cas> except the break
mass flow rate slightly overpredicts during 70 s to 110s. In Figure 4.37, calculated
cladding temperature in PRESSB case is shown. It is seen that there is still no
heatup phenomena in the cladding temperature prediction resulted from no liquid

seals formation in the pump suction. Also, there is no significant difference in vessel
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C164) can only improve the intact loop mass flow, however, there is negligible

influence to the system response.

4.2.3 PUMPCD The purpose of this case study illustrates the effect of intact
loop pump on intact loop flow rate and core heat up. In the PUMPCD case, intact
loop pump speed is adjusted t~ roast to a stop from 20 s to the end of the test.
Minor difference in the calculated break mass flow rate is seen from Figure 4.46
and indicates negligible effect resulted from pump coastdown actuation. The same
result can be obtained in heater rod cladding temperature as shown in Figure 4.47.
With regard to the influence of intact loop flow, similar results as PB-IRFL case
are obtained from Figure 4.48 and 4.49. A better improvement in intact loop flow

prediction is appraisable in this case study.

4.2.4 CROSFJ It is recommended that modelling of loop-pipe is connected
to the reactor vessel should use the option for cross-flow connections [9]. However,
normal junction is specified in RELAP5/MOD2 input as loop-pipe ic connected
to the reactor vessel in the base case study. Thus, a sensitivity study is needed to
investigate the possible impacts of different junction types on the system response.
According to the results from Figure 4.50 to 4.53, the hot leg and cold leg j*nction
ruass flow rate of both loops indicates that there is no significant influence using

either normal or cross-flow junction.

4.2.5 BREAKJ It is interesting to give a sensitivity study in investigating
the effects of changing direction of break junction from C362 to C363. It is seen
from Figure 4.54 that the calculated break mass flow rate in single-phase blowdown
almost approach that of the base case data, whereas a larger difference is presented

during the two-phase blowdown period. It is due to the fact that the volume void
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notnena could be the major reason. Besides, the other cause of disagreement
that RELAPS/MOD2 predicts no heatup is suspected due to the fact that
the calculated core coclant inventory is essentially homogeneous whereas core
liquid was highly stratified in the experimons, Thus, it indicates that the loop
fluid seal and vertical stratified flow modelling employed in this study s quite

important in an iatermed.ate break LOCA analyses,

(7) In the sensitivity svadies, the influence of providing pressure boundaries to the

steam generator sec..ndary sides was shown to be of limited significance rela
tive to the primary covlanl system response. Besides, modeliing of lonp-pipe
connections (o the reactor vessel with the option of either normal or cross-
flow connections, may result in minor difference of overall system response,
With regard to the change of <.« connection direction of break junction, it
is found that a larger difference is presented during the two-phase hluwdown

period uecause of the different upstream volume void {raction prediction,

(8) Finally, in modelling the junction flag option for ECC injection ; vint, a com-
putational failure occurred with Hag 00120 assumption, however, it was re-
moved by usine flag 20121 instead. The major differc.ices between the flag
options are - selection of centrally located or downward oriented junction

and another selection of normal or cross-flow junction.
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Table 2.1
Chronology of Events for The Intermediate Break S 1B -3 Test

Events Time, Seconds

| Rupture initiated; Core power, putup speed transients initiated 0

| Upper plenum fluid saturates i.5
Broken loop steam generator feedwater valve closed 43
Intac’ joup zteam generator feed vater valve closed 30
First temperature excursion starts | 50
Accumulater flow starts 163
Lower plenum refilled; Keflood starts 190
Intact loop steam generator steum valve closed 240
Blowdown ends; LP1S flow starts; Power to broken loop pump tripped 240
Core quenched 350
Data acquisition system shut down 531
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Table 3.1

Revised Differential Pressure aad Liquid Level in Intact Loop

Measurement AP, test Volume or Elevation AP, corrected
1D (kPa) Junction Difference (cm) (kP&)
b ~+—
D-V13A«l1 78 16301 /20102 33.0 11.03
——— - taemasy o _.._’.._.fu_,L..___._v.....,_,..».-,__ﬁ
DP1s143C 5.05 20102 /20201 0.0 5.05
DPI+3C5 1.26 20201/20301 ERO 6.94
i S NS Eies) S RS NI
DP145+9 117.0 20301 /24002 39.0 120,582
e i ECY, A NSt
DP1«9+14 15.1 24002 /24005 -380.0 -22.14
DPle14+18 -2.51 24005 /24008 257.0 22.08
. P— JUG— —— ..—4*- SIS ————
DP1+21+18 219.2 2€102/24008 25.0 -216.55
e -
DPl«21+22 1.06 26102/26201 0.0 1.06
Ds#1224+VD29 6.04 26201/10101 10.0 7.02
LIS1117+50 50.79 60304 /60201 -1067.0 -53.78
- 3P -



e & L

Table 8.2
Revised Differential Pressure and Liquid Level in Broken Loop

Measurement T.AP. test Volume or Elevation AP, corrected
n (kPa) Junction Difference (em) (kPa)
D-V13A+50 1 6.85 16301/30102 33.0 11.08
DBesoss | 828 | smozsoos | o0 | sas
RN TS ———
DB«55+57 0.63 30103/30104 61.0 6.61
DPBeszvez | 11206 | sowoa/mo0z | 90 | nass |
T Y v
DPBussts | 110 | swos/soor | asmo | 2o
DBorasts | 25474 | seouseor | sso | aa000 |
DB+74476U 8.16 361(;1’/_;6201 o‘o N _m::bh et
DB«76U+79 | 4.16 ”201/363;2-ﬂ»- 0.0 :16 G
D.Bn+vb;a- | 0.15 363(_)2—/:(;?0; 25.0, sif i) 2:0 =
LBSIIT450 | 4930 ooyt | awro | asas |
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Table 3.3

Reviged Differential Pressure and Liquid Level in Vessel

Measurement AP, test Volume or Elevation AF, corrected
1D (kPa) Junction Difference (cm) (kPa)
LVD+29-578 35.47 10101/12001 607.0 2599
r"‘"—‘——""—“_-” e - s o i R S rn-. - s i
LVD+29-17C 15.76 10101/1100. <199.0 «3.742
SN, |CI T AU S I SNSRI } e R o SEECRETE
LVD170-435 17.27 11003/11008 «265.0 -8.70
RN, (ST, (LN R ek _ A iy
LVD435-578 4.76 11008 /12001 143.0 -9.25
EE——— ENSSSSEESEEEE B e SR I SINSSUS——
LV 4421-578 -38.23 _J 19401 /12001 099.0 -136.13
B R PR S ——. S TS —
LV +421-13M 18.75 19401/16301 -434.0 -23.78
IR SR SE—— I e
LV 44214160 6.11 19401/19101 -261.0 -19.47
LV-13M-578 -54.98 ; 6301/12(()1 -565.0 -110.37
LV-13M-1056 -10.67 16301/16101 -02.0 «19.69
LV-105-195 <19.29 16101 /15005 -90.0 -28.11
LV-195-278 -7.67 15005 /15004 -83.0 ~-15.81
~e—— . — e o e e S A . i i e —
LV-278-360 -7.54 15004 /15003 -82.0 -15.58
— S 1
LV-360-442 «4.90 15003/15001 -82.0 -12.94
g — — e iL— e e e -—'——J
LV-442-501 -1.56 15001 /14001 -59.0 -7.34
| i P e pmaarun -
LV-501-578 -15.63 14001 /12001 770 «23 (8
. Sk -




Comparison of Specified, Measured and

Table 3.4

Calculated Tnitial Conditions

RELAPS/MOD2
Specified Measured Calculated
1. Primary Coolant System

Intact /Broken loop flow rate 3:1 2.9:1 31
Pressurizer pressure (MPa) 165 + 0.2 15.53 15.47
Upper plenum pressure (MFa) 155 402 15.58 15.49
Cold leg temperature (K)

Intart loop 563 + 2 5594 560.3

Broken loop 563 + 2 566.4 568.0
Hot leg temperature (K)

Intact loop 506 + 2 596.1 503.6

Broken loop 596 + 2 596.9 593.9
Core temperature rise (K)

Intact loop 33 36.7 33.3

Broken loop 33 30.5 25.9
Total core electrical power (MW)  1.44 + 0.05 1.45 1.45
Core inlet flow rate (kg/s) T~8 8.02 8.01
Core bypass fiow (% of Total) 2.5 3.7 3.44
Pressurizer liquid mass (kg) 82401 10.1 9.99

- 35 .
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Table 3.4

Comparison of Specified, Measured

and Calculated Initial Conditicns (Cont'd)

RELAPS/MOD2
Specified Measured Calculated
2. Secondary Coolant System
Steam Generator
Secondaries Pressure:
Intact loop (MPa) b4 402 6.48 6.47
Broken loop (MPa) 54102 7.63 7.51
Feedwater Temperature:
Intact loop (K) 483 %+ 2 402.5 494
Broken loop (K) 483 + 2 484.7 494
Steam Temperature:
Intact loop (K) 542+ 2 553.5 553.9
Broken loop (K) 542 4 2 564 .4 563.6
8. Coolant Injection System
Intact loop accumulator
Pressure (Mpa) 27401 26 2.6
Water temperature (K) 305 + 10 208 299.6
4. Pressure Suppression System
Suppression tank
| Pressure (Mpt) 0.024 + 0,01 0.25 0.25
- 36 =~



Table 4.1

R e —

Comparison Between Caleulated and Measured Sequence of Events

R S R ——

Events Time, Seconds
RELAP5S/MOD2 Measured
Rupture initiated 0 0
Upper plenum fluid saturates 159 1.5
Fluid in intact loop hot leg saturates 1.1 2.2
Broken loop steam generator feed valve closed BC* 2.5
Fluid in broken loop hot leg saturates 3.64 4.5
Pressurizer empi.os 9.96 7
Guide tube flow reverses N/A" 14
Core bypass line flow reverses 14.68 14
Fluid in broken loop cold leg 10 16
(downcomer to break) saturates
Fluid in intact loup cold leg saturates 13 17
Flow reverses in broken loop hot leg 11.6 22
Broken loop steamn generator 11.8 22
secondary becomes energy source
Broken loop pump suction liquid seal starts to clear 35 27
Intact loop steam generator feed v ve closed B.C. 30
Intact loop pump reaches steady (.37) of initial speed B.C. 30
Broken loop pump reaches steady (.52) of initial speed B.C. 30
First temperatare excursion starts N/A 50
Intact loop pump suction liquid seal starts to clear N/A 89
Intact loop stearn generator secondary 300 105
becomes energy source
Accumulator liquid flow starts B.C. 163
Accumulator liquid bypass ends, Refill starts, N/A 100
Secondary temperature excursion starts
Most of core quenched N/A 280

a: Boundary Conditions
b: Unpredicted Events

- 37 =
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Table 4.2
Cases Analyzed in *he Sensitivity Studies of the
Semiscale Test §-1B-8 Simulation

Clases

Condition Descriptions

PRESSB

| PB-IRFL

PUMPCD

CROSFIJ

BREAKIJ

| TDC-1.0

Providing pressure boundaries in steam generator seconda:y side

Infinite reverse form loss coefficients between the junctions
C163-C301 and C163-C164 are used to impede the reversed flow

Intact loop pump speed coasts to a stop from 20 s to the
end of the test

Cross-flow junction is nsed (instead of normal junction in the base case)
in modeling of loop-pipe connections to the reactor vessel

Change the direction of break junction from C562 to C363

Two-phase discharge coefficient of 1.0 (instead of 0.84 in the
base case) is used in the broken loop cold leg

o 30 -
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Table 6.1

Run Statistics of the Semiscale Test S IB 3 Simulation

Cases Transient CPU(s) Number of Number of  Performance
Time (s) Tim2 Step Volume Cell  Number *
BASE 323 7039.16 12255 142 4.045
PRESSD 320 6400.94 11080 42 4.068
PB-IRFL 50 1508.86 2500 142 4.250
PUNPCD 90 2653.01 4500 142 4.152
CROSFJ 35 1063.09 1750 142 4.278
ERFAKJ 30 926.49 1500 142 4.350
TDC-1.0 100 2880.43 5000 142 1.057

* Performance Number =
CPU x17" /[Number of Time Step|/|[Number of Volume Cell]
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