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The LOFT experiment LP-02-6 was simulated using the RELAPS/MOD3.2 code to assess its
capability to predict the thermal-hydraulic phenomena in LBLOCA of the PWR. The reactor
vessel was modeled with two core channels and split downcomer for a base calculation. The
results of the base calculation show that the code can not predict the early bottom-up
quenching which is a distinguished phenomenon of the expeniment LP-02-6, mainly due to the
deficiency of break flow model.

The discharge coefficient sensitivity study was performed to show that the calculated
cubcooled break flow which might significantiy affect the early bottom-up quenching is
dependent on the coefficient. More detailed modeling of the cross flow in the split downcomer
was performed, but, resulted in littie improvement on the predictability of bottom-up quenching.
Additional calculation using the RELAPS/MOD3 1 instead of RELAPS5/MOD3.2 showed that
there is no large difference between the versions in the simulation of LBLOCA.
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Executive Summary

This report presents the results of RELAPS/MOD?3 2 assessment in the prediction
of the thermal-hydraulic behavior under the conditions of Loss of Fluid Test(LOFT)
LBLOCA Experiment LP-02-6 The assessment was purposed to determine whether the
code can predict the major phenomena of LOFT LP-02-6 and to provide some useful
information to code developers and users

Experiment LP-02-6 was conducted on October 3, 1983 It was the forth experi-
ment conducted in the LOFT facility at the ldaho National Engineering Labora-
tory(INEL) under the auspices of the OECD. This experiment, which was designed to
meet re juirements outlined by the USNRC as specified in the OECD LOFT Project
Agreement, simulated a double-ended off-set shear of a commercial PWR main coolant
inlet pipe coincident with the loss of offsite power. Experiment LP-02-6 addressed the
response of a PWR to conditions closely resembling a USNRC “Design Basis Accident”
in that prepressurized fuel rods were installed and minimum US emergency coolant injec-
tions were used.

A base case calculation using RELAPS/MOD3 2 with the typical LOFT nodaliza-
tion and default break flow model was conducted. The results of the calculation were
compared with the experiment data in terms of loop behavior, ECCS performance, vessel
phenomena, and f;el thermal response It was disclosed from the comparison that the
code has poor predictability of the important thermal-hydraulic phenomena such as the
early bottom up quenching during the blowdown A primary cause of this poor predic-
tion was inferred as the overprediction of subcooled break flow The overprediction of
subcooled break flow bring about the early end of suocooled break flow, early core heat
up during the blowdown, the early initiation of bottom-up quenching and little amount of
bottom-up flow

To identify the effect of break flow model in the base case calculation, several cal-
culations were performed with changing discharge coefficient It was concluded that de-



creased discharge coefficient reduces the peak subcooled break flow and it helps the
code better predict the early bottom up quenching.

Another sensitivity study was performed to identify the effects of the modeling of
cross flow in the split downcomer annulus. All the downcomer volumes of each side
were connected by cross flow junctions while only the top volume of downcomer annu-
lus was connected by a cross flow junction in the base case calculation. This change of

slization resulted in little improvement on the prediction of bottom up quenching,
which means that the core thermal-hydraulic behavior is not dependent on the number of
cross flow junctions.

Additional calculation using the RELAPS/MOD3.1 was performed to catch the
improved features of RELAPS/MOD?3 2 compared with RELAPS/MOD3 1. The ver-
sions showed nearly identical results, but, RELAP5/MOD3 2 predicted better the thermal
behavior in the both end parts of the core than RELAPS/MOD3 1



L INTRODUCTION

This report presents the results of code assessment of RELAPS/MOD3 2 using the
LOFT experiment LP-02-6 The assessment was performed within the Code Applications
and Maintenance Program(CAMP) organized by the U S Nuclear Regulatory Commis-
sion{NRC)

The experiment LP-02-6 was the first large break LOCA simulation which was de-
signed to represent the design basis accident conditions The distinguished thermal-
hydraulic phenomena of the experiment LP-02-6 is a positive bottom-up core flow,
which resulted in bottom-up quench of central fuel assembly during the blowdown period,
due to the long-term pump coast down.

The objective of this study is to identify effectiveness and deficiencies of
RELAPS/MOD3 2 in predicting thermal-hydraulic phenomenon specific to LBLOCA
such as bottom-up quenching RELAP5/MOD3 2 is a recently released version of
RELAP5/MOD3 which was developed by improving the modeling base of
RELAPS/MOD2. RELAPS/MOD2 was assessed using the LP-02-6 test data by
Liibbesmeyer [2] He concluded that it could not predict the early bottom-up rewetting
which occurred between 4 and 8 seconds of the blowdown phase.

it is well known that RELAP code is very strongly dependent upon user specific
input parameters. The discharge coefficient at the break valve affects significantly on the
resultant thermal-hydraulic behavior in the analysis of LBLLOCA. To find out the influ-
ence of discharge coefficient in the calculation of LP-02-6, sensitivity calculations on the
discharge coefficient were carried out.

Transversal flow in the downcomer, which has been believed to have effects on the
core flow behavior, has been modeled by cross flow junction between downcomer upper
volumes of both loop sides. A more detailed modeling of the transversal flow by connect-

ing all the volumes of both loop sides with six cross flow junctions was tried to get better



prediction of core flow behavior
Finally, a calculation using RELAPS/MOD?3 1 in place of RELAPS/MOD?3 2 was

conducted, though it is generally thought that there is no significant change between
these versions in the analysis of LBLOCA, to get knowledge of the improved features of
RELLAPS/MOD3 2.

A brief description of the LOFT system and the LP-02-6 experiment are provided
in Chapter 2 The code and modeling basis for the base case calculation is described in
Chapter 3 The results of the base case calculation are discussed in Chapter 4. The scope
and results of sensitivity studies are presented in Chapter 5 Chapter 6 describes the run
statistics for the base case calculation and conclusions and recommendations from this
assessment are presented in Chapter 7 The input list for steady-state run and transient

run of the base case is attached in Appendix.



2. FACILITY AND TEST DESCRIPTIONS

2.1 LOFT facility

The LOFT(Loss of Fluid Test) facility at Idaho National Engineering Laboratory
was designed to simulate the major component and system responses of commercial
PWR during LOCA It is a scaled representation of a commercial PWR of Westinghouse
type having 4 loops with a volume ratio of 1/60 The experimental assembly includes five
major subsystems which have been instrumented such that system variables can be meas-
ured and recorded during a LOCA simulation The subsystems consist of a reactor
vessel with a nuclear core, an intact loop, a broken loop, the blowdown suppression sys-
tem, and the emergency core coolant system The entire nuclear core consists of five
square and four triangular fuel bundles with a total of 1300 fuel pins each of 1 67 m long
and an outside diameter of 10 72 mm. The overall configuration is shown in Figure 21

and complete information on this system is provided in Reference 1

2.2 Expeniment LP-02-6

Experiment LP-02-6 was completed on October 3, 1983, in the LOF1 facility lo-

cated at the Idaho National Engineering Laboratory. It was the first large-break LOCA

simulation and the fourth experiment conducted under the auspices of the Organization

tor Economic Cooperation and Development(OECD) LOFT Project. This experiment
simulated a double-ended offset shear of a pressurized water reactor(PWR) main coolant
inlet pipe, and was initiated from conditions similar to PWR operating conditions

Prior to the experiment, LOFT facility was set to have a primary system pressure
of 150 MPa, primary system cold leg and hot leg temperature of 560K, and 590K re-

spectively, and a loop mass flow rate of 248 7 kg/sec. Initial reactor power level was 46




MW with a maximum linear heat generation rate (LHGR) of 48 8 kW/m_ Table 2.1 pres-

ents a summary of initial conditions of the experiment.

The experiment was initiated by opening both the Quick Opening Blowdown
Valves(QOBV) in hot and cold leg. Reactor was scrammed on low hot leg pressure at
0.1 secs and the pumps were tripped at 0 8 secs The pumps coasted down until 165
secs when their rotational speed fell below the trip point and they were decoupled from
their flywheels Flow in the core reversed almost instantaneously with experiment initia-
tion, and the fuel rod cladding temperatures started to increase due to stored thermal
energy at 0.9 secs The entire core heated up until 5 2 secs, when positive core flow was
again established due to choking of the flow in the broken cold leg This positive core
flow quenched the lower ~2/3 of the core until ~10 secs when flow in the intact cold leg
decreased to below that of the broken cold leg and the core again started to heat up. A
partial top-down core quench initiated at 14 8 secs and lasted until 18 6 secs. The lower
plenum was filled by 30.7 secs, the core quench was complete by 56 secs, and core re-
flood was complete by 59 secs. Thermal-hydraulic sequence of main events observed in
the experiment is summarized in Table 2.2



3. CODE AND MODELING DESCRIPTION

RELAPS/MOD3 2 used in this assessment was the very version(without any
modification) received at October 1995 from USNRC. Since any RELAPS input spe-
cific to LP-02-6 experiment was not obtained from INEL, a reference input was devel-

oped by authors based on the input which was used in the previous LP-LB-1 assessment
by Liibbesmeyer [3]

3.1 Input Modeling

The base nodalization used to simulate the LOFT experiment LP-02-6 in this study
is shown in Figure 3 1 This nodalization and input deck are based on those used to cal-
culate the LP-LB-1 experiment with RELAPS/MOD2 by Liibbesmeyer [3] Modifica-
tions implemented into the original input are as follows : (1) General changes suitable to
RELAP5/MOD3(e g heat structure), (2) Introduction of ECCMIX component, (3)
Changes in the number of volumes of pressurizer (six to twelve), (4) Changes in the
number of axial nodes of core channel, (5) LP-02-6 experiment specific modifications

The reactor vessel is modeled by three hydraulic channels representing reactor
core(volume 230, 231, and 235), two downcomer channels(volume 200 to 210 and 270
to 280 respectively), lower plenum(volume 220 to 225) and upper plenum with the ves-
sel dome(240-260). Top volumes of each downcomer channel(volume 200 and 270) are
connected with single cross flow junction(junction 290) which has energy loss coefficient
of 1.8341. Nozzle bypass from intact cold leg to upper plenum is also modeled. The core
is modeled by 3 parallel channels, core bypass channel(volume 235) with 3 subvolumes,
average and hot core channel(volume 230 and 231) subdivided into 12 equally spaced
volumes respectively. It is assumed that the total mass flow rate through the core is

shared approximately 79% by the average channel, 16% by the hot channel and 5% by



core bypass channel The heat generated in the fuel pin is transferred to primary coolant
by heat structures attached to the hot channel and the average channel. To include the
effect of heat capacity of material, heat structures of the downcomer and lower plenum
are modeled

The intact loop consists of twenty volumes with several subvolumes. The pumping
system is divided into two pump lines with two individual pumps numbered 25 135 and
165 respectively

The ECC injection system consists of five volumes and one valve. This system is
connected to the intact loop cold leg volume mcdeled by the ECCMIX compo-
nent(volume 185) The HPIS and LPIS are modeled by time dependent junctions num-
bered 635 and 625 respectively. Control valve(valve 610) in the accumulator line is to
isolate the accumulator when the accumulator is emptied.

The steam generator consists of eight volumes on the primary system and fifteen
volumes on the secondary system Heat i exchanged between primary and secondary
side of the steam generator via the u-tubes which is modeled by heat structures. Feed
water system and steam condenser are modeled by time dependent volumes(volume 505
and 541, respectively) Feed water flow rate and steam flow rate are controlled by con-
trol logic to keep the required secondary pressure and level.

The pressurizer is modeled by surge line(volume 400 and 402), pressurizer ves-
sel(volume 415) and pressurizer dome(volume 420). Pressurizer vessel was divided into
twelve subvolumes.

The broken loop hot leg is modeled by four volumes(volume 300 to 315) Compo-
nent 315 represents steam generator simulator. The broken loop cold leg is modeled by 4
volumes(volume 335 to 344) Reflood assist bypass line is modeled by 2 volumes(volume
370 and 380). The reflood assist bypass valve is modeled by a trip valve which is closed
when the break valves are opened. At the end of each broken loop, two break valves
which have to be opened by trip signal are placed and connected with the suppression



tank modeled by two time dependent volumes(700 and 705) The discharge coefficients
of the break valves are 1.0 for the subcooled discharge and the saturated discharge

In the input modeling delineated above, total number of hydrodynamic volumes,
Junctions and heat structures are 147, 152, and 47, respectively

3.2 Initial and Boundary Conditions

To obtain the initial conditions proper to the test conditions over the whole system,
a steady state calculation was performed with four steady state controllers and a time
dependent volume : two prunary coolant pump speed controllers, a charging and letdown
controller, a feed water flow rate controller, and a time dependent volume to set pressur-
izer pressure to a designed value.

The results obtained from the steady state run were compared with the measured
initial conditions [4] in Table 2.1. The calculated results generally agree with the experi-
mental conditions except the broken loop hot leg temperature which was estimated lower
than the measured data. The reason of such underpredicticn of the broken loop hot leg
temperature was not clear, but, it was believed to have negligible effect on the overall
system transient.

Based on the experiment data, the reactor power history, containment pressure
and feedwater flow rate after scram were described as time dependent tables. Perform-
ance curves for HPSI and LPSI flow rate as function of cold leg pressure were provided
in the input. The pump speed after trip was simulated by time dependent speed table.
And the steam generator secondary side air-cooled condenser was modeled as a time
dependent volume with a constant pressure of 2 069 MPa during the transient. All infor-

mation of boundary ccnditions was provided in the steady and transient input deck.



4. RESULTS FROM BASE CASE CALCULATION

The LP-02-6 transient was calculated up to 80 secs from the initial conditions ob-
tained from steady state run Steady state controllers were deleted in the transient input
deck to get proper initial conditions

The sequence of hydraulic events during the transient calculation was summarized
in Table 2.2 and compared with the experiment chronology In general, the calculated
sequence of events show good agreement with the expenment, but, the overall transient
was calculated to progress more rapidly than the experiment because of rapid system
depressurization

In this chapter, the predicted important thermal-hydraulic parameters such as sys-
tem pressure, loop mass flow rates and cladding temperatures are compared with the
measured data Table 4.1 summarizes the list of assessment parameters. It describes the
identification of calculated parameters and corresponding instruments in addition to un-
certainties of measurements. The corresponding figure numbers are also listed in the ta-
ble

4.1 Loop Behavie-

The behavior of calculated system pressure in the intact loop hot leg is plotted
with corresponding experimental data in Figure 4 1. It is easily found that the system
pressure was calculated to be lower than the measured data during overall transient. This
underestimation of system pressure might be a resuit of overprediction of break flow
during the blowdown, which will be discussed later.

The calculated mass flow rate in the broken loop cold leg and hot leg are shown in
Figure 4 2 and 4 3, respectively. As shown in the figures, the overall trends of mass flow
in the broken leg were predicted well. However, the peak values of the mass flow were



highly overestimated to be about 741 kg/sec (the measured value is ~550 kg/sec) in the
cold leg and 241 kg/sec (the measured value is ~193 kg/sec) in the hot leg Such an
overprediction of mass flow rate in the broken loop in the early period of transient is
considered as a deficiency of RELAPS/MOD3 2 critical flow model This might lead the
intact loop to contain less inventory than the experiment.

The calculated mass flow rates in the intact loop cold leg and the intact loop hot
l:g were compared with the experimental data in Figure 4 4 and 4 5, respectively. It can
be found that the calculated mass flow rates followed the trend of the measured data very
well with slight underestimation of mass flow rate in the cold leg during the blowdown
phase.

The mass flow rate in the broken loop cold leg was predicted to fall below the
mass flow rate in the intact loop cold leg at ~3 3 secs as shown in Figure 4 6 The fact
that the mass flow rate in the broken loop cold leg is lower than the mass flow rate in the
intact loop cold leg means that the flow in the broken loop cold leg is saturated and the
core is being filled with fluid from the intact loop cold leg. The phase transition of flow

in the broken loop cold leg was observed at ~4 secs after transient initiation in the ex-

periment.

4 2 ECCS Performance

Figure 4.7 shows the calculated accumulator pressure and Figure 4 8 shows the
predicted liquid level in the accumulator with corresponding measured data As shown in
these figures, the accumulator injection was initiated at ~14.5 secs while it was started at
17.5 secs in the experiment. This earlier accumulator injection was resulted from rapid
system depressurization

Figure 4 9 shows the calculated LPSI mass flow rate with the measured data. The
injection was predicted to be earlier and higher than the measured data This earlier and



higher injection was also due to the underestimation of the primary syst .n pressure dur-

ing the mjection period

4 3 Vessel Phenomena

Figure 4 10 shows the calculated liquid temperature in the lower plenum The lig-
uid temperature was underperdicted after ~14 secs when the accumulator injection was
initiated ~3 secs earlier than the experiment as stated in the previous section

Figure 4 11 presents the collapsed liquid level in the two downcomer channels and
the two core channels of reactor vessel Since no experiment data for these collapsed
liquid levels were available, the predicted levels are plotted only.

The liquid level in the core decreased rapidly after initiation of break and the core
was completely emptied at ~3 secs until bottom up flow was initiated The filling of the
core with the bottom up flow was predicted to make the lower part of the core rewet
And then, the liquid level fell again below the bottom of core and was maintained low
level until the ECC injection water reached the bottom of core at ~38 secs The hot core
reflood was completed at 64 secs, ~5 secs latter than the experiment

In the early blowdown period up to ~3 secs, the liquid level in the broken side
downcomer dropped more rapidly than that in the intact side one due to less flow resis-
tance. The liquid level in the broken side downcomer increased for a short time from the
end of subcooled blowdown because the break flow was reduced significantly due to
saturation while the incoming flow from the intact loop cold leg was still maintained.
During the core rewetting period, the liquid levels in the both sides decreased again The
decreasing rate of the broken side liquid level was smaller than that in intact side. This
was due to upward water flow from the lower plenum to the broken side downcomer
The level in the intact side downcomer started to increase at ~22 secs mainly due to ac-

cumulator imjection flow initiated at 14 S secs The level in the broken side downcomer

10



also started to increase at ~26 secs.

4 4 Fuel Thermal Response

Calculated cladding temperatures of hot rod at 12 axial hot core nodes are com-
pared with the measured data of corresponding elevation in Figure 4.12 to Figure 4 23
From the comparison of the cladding temperature behavior, following features are ob-

served

1) The blowdown heat up was relatively well predicted over the core except at the
highest node, but, it was calculated to occur little earlier than the measured data.

2) The blowdown heat up was underpredicted at the low heat flux region, and
overpredicted at the high heat flux region In the middie part of the core, the
degree of overestimation is ~60K at the hottest elevation.

3) The early bottom-up quenching was predicted to occur at the 1/4 lower part of
the core, while it was observed at the ~2/3 lower part of the core in the experi-
ment. Even more, it was calculated to be initiated slightly earlier than the meas-
ured data. This prediction of earlier and little amount of bottom up quenching
resulted from the overestimated peak mass flow rate in the broken loop cold leg,
i.e. cold leg break flow and the early end of subcooled blowdown as mentioned
in section 4.1.

4) The calculated second heat up was also calculated to start earlier than the
measured data due to earlier bottom-up Juenching

The peak cladding temperature(PCT) during the biowdown phase in the core was

calculated to occur at the elevation of 22 to 27.5 inches(node 5) while it was measured at
27 inches from the bottom of core The calculated PCT is 1121 K, which is ~50 K higher

11



than that measured in the experiment The calculated maximum cladding temperature

during the refloo’ phase was approximately 960 K while it was 831 K in the experiment
Such an overestimation is a result from the deficiency of RELAPS/MOD3 2 not to be
able to predict the early bottom-up quenching in the middle part of the core

12



5. SENSITIVITY STUDIES

To investigate the influence of discharge coefficient on the resultant cladding tem-
perature behaviors, two additional calculations were carried out. A brief note of these

calculations is as follows

calculation ID | subcooled discharge coeff saturated discharge coeff’

DC1 1.1 1.1
(Base case) (1.0) (1.0)
DC2 09 09

And to find out the effects of the cross flow junction between the intact side
downcomer and the broken side downcomer, an additional calculation was performed
with six cross flow junctions between all the volumes of both sides. The sum of mass
flow through the cross flow junctions before the initiation of transient in the calculation
is made to be nearly equal to that in the base case calculation by adjusting the energy loss
coefficients of junctions. For the convenience of iater discussion, the calculation was
named SIXX.

Finally, a calculation using RELAPS/MOD3.1 was conducted to identify the ef-
fects of improved features of RELAPS/MOD?3 2 for the LBLOCA analysis.

5.1 Influence of Discharge Coefficient
In Figure 5.1 and 5.2, the calculated mass flow rates in the broken loop cold leg

and hot leg with various discharge coefficients are presented for comparison. These fig-
ures show that the mass flow rate in each broken leg during the blowdown is highly de-

13



pendent on the discharge coefficient

Figure 5.3 contains the difference between mass flow rate in the intact loop cold
leg and mass flow rate in the broken loop cold leg, and Figure 5 4 presents the calculated
bottom-up core mass fiax at the hot core inlet junction induced by the mass flow differ-
ence. From these figures, it can be found that the bottom-up core flow in the blowdown
phase is dominated by the discharge coefficient at the break and the smaller discharge
coefficient, in other words, the iower break flow induces the higher bottom-up core flow

This correlation between the discharge coefficient and the bottom-up core flow
can be made clear by Figure 5 5 and 5 6, which show the calculated cladding temperature
behaviors at the hot core node 5 and 8, respectively As shown in the figures, the more

break flow rate was estimated in the blowdown phase, the less bottom-up quenching was

predicted

5.2 Influence of Cross Flow Modeling in the Downcomer

Figure 5.7 contains the calculated downcomer liquid levels both in the base case
calculation and in the SIXX calculation. From the figure, one can find that the liquid lev-
els of both sides of downcomer predicted in the calculations showed almost similar trend.

The difference between the base case and SIXX calculation for the core bottom-up
flow is shown in Figure 5.8 As shown in the figure, the initiation and completion of bot-
tom-up flow in the SIXX calculation was predicted to be little later than those in the base
case, and the total bottom-up flow in the SIXX calculation is considered somewhat
greater than that calculated in the base case calculation. Such a delayed and larger bot-
tom-up flow resulted in lower and delayed second heat up.

Figure 5.9 shows the mass flux at the outlet of the core. The calculated top-down

quenching flow in the base case was higher than that predicted in the SIXX calculation
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However, the cladding temperature behavior predicted in the both calculations didn’t
show any significant difference because the differences of flow behavior were not so
large. The cladding temperature behaviors at hot core node 1, 5, and 10 are presented in
Figure 5.1010 5.12

In conclusion, the hydraulic and thermal behavior in the core calculated by
RELAP5/MOD3 2 was not strongly dependent on the number and position of the cross

flow junctions in the downcomer.

5.3 Calculation Using RELAP5/MOD3 1

A calculation similar to the base case using RELAP5/MOD3.1, for which we
didn’t make any change after it was received at October in 1993 from USNRC , was
performed to identify the difference between RELAPS/MOD3.1 and RELAPS/MOD3 2
for LBLOCA analysis.

The calculated hydraulic behavior by RELAPS/MOD3.1 is very similar to that
predicted by RELAPS/MOD3 2. The mass flow rates in the broken loop cold leg and hot
leg, for instance, showed nearly same trend as shown in Figure 5.13 and Figure 5.14.
However, the cladding temperatures predicted by RELAP5/MOD3.1 showed less degree
of heat up both in the blowdown phase and the reflood phase than those by
RELAPS/MOD3 2. The cladding temperatures calculated by RELAPS/MOD?3 .1 at sev-
eral elevations are presented in Figure 5.15 to Figure 5.17 with corresponding data by
RELAPS/MOD3 2 More profound studies of these results were not tried because the
predicted cladding temperature behavior by RELAP5/MOD3 | and RELAPS/MOD3 2

showed no dramatic difference.
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6. RUN STATISTICS

The computer used in the present calculations was HP9000/K200 workstation at
KNFC, with OS Version 1001
Figure 6.1 presents the plot of the required CPU time for the transient time in the
base case calculation. And the time step sizes are also plotted in Figure 6.2 The user-
specified maximum time step was 0.01 sec up to 30 secs in real time and then reduced to
0 002 sec up to 80 secs. The run statistics from the major edit is summarized in Table 6.1
ar.d the grind time can be calculated as follows.
(
|
1
|
|
|
\
|

Computer time, CPU = 2397.7 - 1 = 2396.7
Number of time step, D7 = 286'5 - 167 = 28448

Number of volume, C = /4

Transient real time, R7 - 80 (secs)

Grind time = CPU x 1000 / (C x DI) = 0.573 CPU m sec/vol step
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6. CONCLUSIONS AND RECOMMENDATIONS

RELAPS/MOD?3 code was assessed using LOFT LP-02-6 test data A base case
calculation using RELAPS/MOD?3 2 was carried out as a reference case. Discharge coef-
ficient sensitivity studies were performed to investigate the influence of this user-specific
parameter in the analysis of LBLOCA. A more detailed modeling of cross flow in the
inlet annulus and downcomer volume was tried to improve the code predictability of
early bottom-up quenching in the blowdown phase. As a final case, a calculation using
RELAP5/MOD3 1 was performed to identify the differences between RELAPS/MOD3 1
and RELAP5/MOD3.2. Based upon the results from the scope of this study, the follow-

ing conclusions were made.

1) Using LOFT LBLOCA test data LP-02-6, a base calculation with a standard
nodalization was successfully performed and matched relatively well with the

experimental data.

2) RELAP5/MOD3 .2 with standard nodalization can predict system hydraulic be-
havior. However the mass flow rates in the broken loop cold leg and hot leg

during the subcooled blowdown were largely overestimated

3) RELAP5/MOD3 2 can predict well the blowdown heat up of the core. How-
ever, the calculated blowdown heat up was initiated slightly earlier than the ex-
periment due to the poor prediction of heat transfer in the fuel rod during blow-
down. The calculated PCT was predicted to be ~S0K higher than the measured

data.

4) The bottom-up quenching in the middle part of hot core was not predicted
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properly by RELAPS/MOD3 2, therefore, the maximum ciadding temperature
during the reflood phase was highly overestimated to be about 96/ <.

5) RELAPS/MOD3 2 was so sensitive to the discharge coefficient that the resul-
tant behavior of cladding temperatures was greatly varied with small change of
discharge coefficient. The development of more accurate break flow model,
which is known to be undergoing, should be made to remove the sensitiveness

to this user accessible parameter.

6) From our analysis of cross flow modeling in the downcomer volume, . was re-
vealed that the core flow behavior is not dependent on the position and number
of cross flow junctions connected In other words, single cross flow junction
with a low energy loss coefficient and multiple cross flow junctions with a high
energy loss coefficient might have similar effect on the resultant thermal behav-

ior in the core.

7) Neither of code versions, RELAPS/MOD3.1 and RELAPS/MOD3 .2, could
predict properly the early bottom-up quenching in the middle part of the core.
The only effect of improved features of RELAPS/MOD3 2 could be shown in
the lower part of core, where RELAP5/MOD3 .2 could predict the biowdown
heat up better than RELAPS/MOD3 1.

8) It was revealed that RELAPS/MOD3 can be used as a best estimate tool for
analysis of LBLOCA with the improvement of break flow model which has
great influence on the predictability of early bottom-up quenching in the
LBLOCA.
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Table 2.1 Initial and boundary conditions for experiment LP-02-6

Parameter Measured  Calculated
Data value

Power(MW) 46012 460
Temperature Across Core(K) 33.1£1.1 33.57
Hot Leg Pressure(MPa) 15.09£008 15.10
Cold Leg Temperature(K) 5559+1.1 55598
Mass Flow Rate(Kg/s) 2487426 248.69
Pressurizer

Liquid Level(m) 1.04£0.04 1.04]

Water Temperature(K) 615658 61576

Pressure(MPa) 15.3+0.11  15.09
Broken Loop

Cold Leg Temperature(K) 553.046.0 5558

Hot Leg Temperature(K) 560.0+6.0 5559
Emergency Core cooling System

Accumulator Liquid Level(m) 2.10+0.0 2.10

Accumulator Pressure(MPa) 411006 4.11

Accumulator Liquid Temperature(K) 302.#6.1 302

High Pressure Injection Flow Rate(l/s) 1041004 104

High Pressure Injection Liquid Temperature(K) 305. 7 305.

Low Pressure Injection Flow Rate(l/s) a a

Low Pressure Injection Liquid Temperature(K) 305. £7 305.

a. Depending on pressure difference between LPIS and downcomer
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Table 2.2 Chronology of event for experiment LP-02-6

Event Measured Calculated
Data value
(seconds)  (seconds)

Blowdown Valve Open 0.0 0.0
Reactor Scrammed 0.1 0.1
Primary Coolant Pumps Tripped 08 0.8
Cladding Temperature Initially Deviated from

Saturation 09 0.5
End of Subcooled Break Flow 40 B
Blowdown Peak Cladding Temperature Reached 49 38
Bottom-up Core Rewet Initiated 52 37
Bottom-up Core Rewet Completed 9.1 13.0
Partial Core Top-down Quench Initiated 148 145
Pressurizer Empty 15.5 14.0
Accumulator Injection Initiated 17.5 14.05
Partial Core Top-down Quench Completed 186 246
High Pressure Injection Initiated 218 218
Lower Plenum Refill Completed 30.7 5’
Low Pressure Injection Initiated 348 348
Reflood Peak Cladding Temperature Reached 410 26.3
Accumulator Injection Completed 57.0 50.0
Core Quench Completed 56.0 60.5
Core Reflood Completed 59.0 64.0

a. This value is based on the time when the junction void fraction in the cold leg
break valve is less then 0.1

b. The measured time for complete refill of the lower plenum is based on when the
lowest fuel rod cladding quenched.
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Table 4.1 List of assessment parameters (LOFT LP-02-6)

Description Calculation Measurement  Uncertainty  Figure
Primary System
Pressure p 11201 PE-PC-002 0.036 MPa 41
BLCL
Mass Fiow Rate mflowj 34001 FR-BL-105 Not found 42
BLHL
Mass Flow Rate mflow;j 305-01 FR-BL-205 ' 43
ILCL
Mass Flow Rate mflowj 175-01 FR-PC-100 " 44
ILHL
Mass Flow Rate mflowj 112-01 FR-PC-205 . 45
Downcomer
Fluid Temperature tempf 210-02 TE-18T-002 51K 46
Lower Plenum
Fluid Temperature tempf 220-01 TE-SLP-001 51K 4.7
LPIS
Mass Flow Rate mflowj 630-00 FT-P120-085 025Vs 43
Cladding Temperature
(Central 2 inches) httemp 231-01 TE-5H02-002 52K 412
Cladding Temperature
(Central 5 inches) httemp 231-01 TE-5106-005 . 412
TE-5J04-005 .
Cladding Temperature
(Central 8 inches) httemp 231-02 TE-5H07-008 . 413
Cladding Temperature
(Central 11 inches) httemp 231-02 TE-5G06-011 ’ 413
Cladding Temperature
(Central 15 inches) httemp 231-03 TE-5F04-015 . 414
TE-5H05015 "
TE-5M07-015 o
Cladding Temperature
(Central 21 inches) httemp 231-04 TE-5J04-021 " 415
TE-5J06-021 .
Cladding Temperature
(Central 2¢ inches) httemp 231-05 TE-5H06-024 " 416
Cladding Temperature
(Central 26 inches) httemp 23105 TE-5F04-026 o 416
TE-5F08-026 ”
TE-5108-026 ’
TE-5J06-026 g
TE-5M07-026 "
Cladding Temperature
(Central 27 inches) httemp 231-05 TE-5D07-027 i 4.16
TE-5104-027 "
Cladding Temperature
(Central 28 inches) htterap 231-06 TE-5H06-028 . 417
Cladding Temperature
(Central 30 inches) httemp 231-06 TE-5G06-030 . 417
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Table 4.1 List of assessment parameters (Continued)

Description Calculation Measurement  Uncertainty  Figure

Cladding Temperature

(Central 31 inches) httemp 231-06 TE-5C07-031 52K 4.17
TE-5D07-031 %

Cladding Temperature

(Central 32 inches) httemp 231-06 TE-5F04-032 " 4.17
TE-5H06-032 i
TE-5M07-032 "

Cladding Temperature

(Central 37 inches) httemp 231-07 TE-5H06-037 " 418

Cladding Temperature

(Central 39 inches) httemp 231-08 TE-5106-039 . 4.19
TE-5104-039 3

Cladding Temperature

(Central 41 inches) httemp 231-08 TE-5H07-041 . 4.19

Cladding Temperature

(Central 43.8 inches)  httemp 231-08 TE-5C07-43.8 - 419
TE-5104-43 .8 »

Cladding Temperature

(Central 45 inches) httemp 231-09 TE-5G06-045 . 420

Cladding Temperature

(Central 49 inches) httemp 231-09 TE-5H05-049 g 4.20

Cladding Temperature

(Central 54 inches) httemp 231-10 TE-5106-054 " 421
TE-5J04-054 .

Cladding Temperature

(Central 58 inches) htterp 231-11 TE-5H07-058 " 422

Cladding Temperature

(Central 62 inches) httemp 231-12 TE-5F04-062 " 423
TE-5G06-062 .
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Table 6.1 Run statistics data in base case

Transient time CPU time Attempted Repeated Last Courant

(sec) (sec) ADV ADV DT DT
0 1.00 O 0 0.01 G
10 94 46 1011 3 0.01 1.11175-2
20 189.78 2011 3 0.01 9.57746-3
30 291.52 3106 3 0.01 1.17485-2
40 784 4] 8613 166 0.002 1.06071-2
50 1229.55 13615 167 0.002 1.84512-2
60 1676.05 18615 167 0.002 1.65845-2
70 1995.11 23615 167 0.002 4.72061-2
80 2397.70 28615 167 0.002 1.38078-2
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(49

-100

450 TIPSR R NRCH ETET TR WL SO WESL TSN O T e GONRT VLU MBS MG ST TG NN (OO0Y S e

150

AL N e Ak S D e Dy EE o ok S

"'.'_'v T~

—o— (FR-PC-100) - (FR-BL-105)

g

~
b
-~
w
B
~

Time (sec)

Figure 5.3 Mass flow difference between intact ivop cold leg and broken loop cold leg



Temparature (K)

Figure 5.4 Mass flux at the core inlet junction with various discharge coeffictents




143

—— base case

Temperature (K)

Figure 5.5 Cladding temperature at hot core node S with various discharge coefficients



$s

Temperature (K)

1900

L i

e ——

T Y

e e

Figure 5 6 Cladding tempeature at hot core node 8 with vanous discharge coefficients



9¢

vv"'rf]"lrl"irlv'lvif

=

=)
3

Figure 5.7 Collapsed liquid level in the downcomer from the base case and SIXX calculation



LS

Mass flux (kg/sac m?)

-'\'T'Y | i e aa Py | A e Py
-

———— base case

- - - SIXX

.-

P

-
-
4
\
/
-

=
e

Figure 5 8 Mass flux at the inlet of core in the base casc and SIXX calcuiation

14



8¢

Mass flux (kg/sec mr)

b
b
b
-
b
-
=
- SNy Y
b N s 3 . "
5 ‘a7 ]
b 5 '
]
o ¢
5 ’
of
b
| |
L
b
=
b
=
b
-
4 A A A B dend A A A AL A - A A r-— A A 'S A A A A A A L - -

12

14

18

Time (sec)

Figure 5.9 Mass flux at the outlet of core in the base case and SIXX calculation




66

1 ——base case

4 - - - SIXX -]
- / —=— TE-5/06-005 |
.

N A A 1 A A A A A A A | —— A A v — A A -y A A A

Figure 5.10 Calculated cladding temperature at hot core node 1 in the SIXX calculation



Temperature (I

1200

1100

A, bate case
- - — = SIXX
=5, —o— TE-5F04-026
: l[ .
- \ '_f'_ --\\_
[] [ 4

Y
- /
¥ /
M ' nu.,n‘-"‘"
H 50

\ du

\ fd

|
SRV
-
:
-
(4] 10 20 30 40 S0 60

Figure 5 11 Cladding temperature at hot core node S in the SIXX calculation



19

L i i

——— base case

- — = SiIXX
4 ~—eo-— TE-5I06-054
b —eo— TE-5J04-054

..
F 1 d'uuo‘"" ¥
- oo, "d 66
§ d
s o s

o N - - -~
- ’ “—sn e
- “ f‘ g

sl il A A A A

Figure 5.12 Cladding temperature at hot core node 10 in the SIXX calculation



29

-
3 ﬁ ———MOD3 1
- . - - - MOD22

i\ —o— FR-BL-105

Mass flow rate (kg/sec)

T TV PLYrYTY

L
o<?]
]

Figure 5.13 Mass flow rate in the broken loop cold leg by MOD3 1 and MOD3 2



£9

-———MOD3 1
- -~ MOD32
—o— FR-BL-205

-0-0-0-9-g-0-0-0%-4.

o A A

-
-
-
S
-
S
3
-
3
=
5
3
-
=
: t
E ™
- g X o
ﬂ : : Anr:, a fqoogos o8 ¢o gao_ 9
° = e \n/ b 3 ,( P
A A A A A A A J i A A A A A i A ' A A A A A A i
4]

Figure 5.14 Mass flow rate in the broken loop hot leg by MOD3 1 and MOD3 2




Temperature (K)

A A A L

A i A A

1 A A A

10

Figure 5.15 Cladding temperature at hot core node 2 by MOD3 | and MOD3 2



$9

Temperature (K)

1200

i
L i ——MOD32
Ll - —-MOD3 1
p1 o ; —o— TE-5F04-026
’ o
1000

900 B ‘. g gy
- P U
3 ' 4 o
3 / W Yy
80 | '\.' a,w‘e?&" "P\"ﬂh
L™ s
I { o,,oo""’o# 0‘"" ‘—\\‘
,‘ " g .
700 — +——F
d
b
- } /
; Ll
g
500
.
m A4 L A A 4 A 4 odh A i ' ' ' A AL A A 1 2 4
) "0 20 20 w© 50
Time (sec)

Figure 5.16 Cladding temperature at hot core node S by MOD3.1 and MOD?3 2




¢ tAOW Pue [ £dON Aq

1

i

[ apou 3102 oy je aimeradwa) Fuippe|) 21 ¢ andiyg

(o2s) aun |

8G0-Z0HS-31
I EGON

¢ EOOW

AJAAIJ;LL[A)JLIJLIALALJ

‘lxxll,LLL4lJlLLiAAAJ.

0ss

009

0s9

(LS

008

1) aunesadwse |

66




L9

4

ik o

e

T -

ik AL

hodd AL

v - A

Figure 6.1 The required CPU time in the base case calculation
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R R A A R A A A AR L

STEADY-STATE INPUT FOR LP-02-6 (Base Case)

CODE VERSIONS - MOD3.2
DISCHARGE COEFFICIENTS AT THE BREAK VALVES: 1.0, 1.0

MODIFIED AT 6/25/96
EDITOR : T. 5. CHOl

85D PPy ESe

R R R R R R A R A A A A A A A A A A A A A L A

B e e B B B

100 new stdy-st

101 run

105 50 10.0 * No CPU time limit

i10 nitrogen

G i s iy Aot atiics. . i Yients. i Yt | . Rt
- time step control cards

- end time wmin dt max dt  optn mnr mir rst
Wi | s it it feren. - i P i Qi b i e Qi
201 1.45 1.9-6 0.1 14003 1000 5000 5000
R R R R L R R AR Rl Sesnsense - -

-

. trips

-
R R i L

B e T B e B R

. S00 end of job trip

o e w——— — i, i e s S Y e
500 time 0 ge mull O 3000 . 1

600 500

Wi el oiinse. saviviatil . i | e Y it A Lo Y s
. 501 always true

s s i e . S Yt S e P, s P, i Y i
501 time 0 ’e nuil 0 -1.0 !
S Smcnfie S f————— . i i e
. 501-515 test specific trips

O i Qi i ittt S Y, A Yo, et Y| . e
. break open

510 time 0 ge null 0O 1500.0 1

-

- scram

511 time 0 ge timeof 510 0.13 1

s pep trip

512 time 0 ge timeof 510 0.0 i

. hpsi on

512 time 0 ge timeof 510 21.8 1

. broken leg bypass

514 time 0 ge null 0 1.048 i

Al

. accumulator valve

515 P 620010000 ge p 185010000 0.0 1

- ipsi on

516 time 0 ge timeof 510 34 .8 1

. reflood

555 time 0 ge timeof 510 1 046 I
G s cmne s e S Y | " —  f—
Ll

. difference related trips

-

i e S S B e S S
* It 681 reflood bypass valve card 3750301

St St Y. i Y. M Qs ern e it Y i i Y i
681 -510 and 510 n

e Lo S et e i B e S
* It 682 accumulator valve card 6100301

B et SR mbiias i, | Wi i, ot e s it
582 cntrivar 4 It mull O 1.-3 1

682 -582 and 515 n

s e S B B s

* It 68B5-686 steam valve card 5400301 : L2-5

i B e e i TN E

* open trip

589 » 530010000 gt null 0O 7. 1246 n
590 » 530010000 1t null O 69846 n
670 685 or 589 n

671 ~590 and ~-686 n

685 671 and 670 n

* close trip

581 P 530010000 gt null O 6. 5746 n
592 P 530010000 It null O 65045 n
672 686 or 592 n

673 -591 and 672 n

674 -685 and 511 n

686 673 and 674 n

-

o ey e Siieii S e Prin e e - S P e |
* job termination valve trip

Prens smcafiscs comamlente senceinn mnenlaian el enme e
* open

687 685 or 685 n

* close

688 686 or 686 n

Mo, e i e P i o s PR s P
-

R
-

- intact loop [100]
-



B s i i, it i s S 1120301 1.38893 1
e reactor vessel nozzle - intact loop hot leg 1120302 ©.707687 2
S A s S i S S | ot S i bR 1120401  0.U796973 1
(000000 rwmnilhl  branch 1120402 ©.0579614 2
000001 2 ] 1120501 0.0 2
V00101 .0 1.58878 0. 102752 0.0 0.0 0.0 1120601 0.0 1
Y B010: 4. 0-5 09 01000 1120602 90.0 2
9200 0 1.51702+47 1415050. 2455780. 0.0 1120701 0.0 1
1001.91 252010000 100000000 © 0634 0.1 0.1 0002 1120702 ©0.245447 2
1002101 100010000 105000000 0.0 0.1 0.1 0000 1120801 4.0-5 0.0 2
1001201  5.7156000 6.0302000 0.0 1120901 0©0.20 0.20 1
1002201 5 6878000 5. 6978000 0 0 1121001 01000 2
G SR i e s, i . e 1121101 0000 1
* pressurizer connection tee reactor vessel side 1121201 © 1.5159047 1415050 2456050 . 8 5 1
b e P s it s S i Al e e 1i21202 O 1.51679+7 1415050. 2455580 g 9 2
1050000 pxrtrvs  branch 1121300 0O
1050001 13 0 1121301  6.3002000 6.3002000 0. 1
1050101 0. 0634444 1.0531192 0.0 090 0.0 00 S —eme e s cemsfeeee seee]em—e ccesfesee soofoms
1050102 4.0-5 .0 01000 * sg inlet plenum
1056200 0O 1.5168047 1415050 245729¢C. 0.0 B e e e s S e et Sty
1051101 105010000 107000000 0.9 0.12 0.12 0000 1140000 sginpinm branch
1051201  5.8282000 5.8282000 0.0 1140001 2 4]
Poin e i it e Y i Y i G Mo i 1140101 0.0 0.629795 (.33532 00© %0 .0 0.512,
* pressurizer connection tee 1140102 4.-5 0.Mmo2 01000
Wi ey e i P s P S Pornin. b e it . pmam 1140200 O 1.51362+7 141505C. 2456610. 0.0
1070000  przt branch 11413101 112010000 114000000 0.0512 eo0 0.0 Gide
wrmoer 1 0 1142161 114010000 115000000 0.0 0.0 09 0100
1070101 0.0620253 0 2810215 ©.0 0.0 0.0 0.0 1141201 4 .4139000 4 4760000 0.0
1070102 4.0-5 0.0 01000 1142201  2.3845000 2.6100020 0.0
1070200 © 1.5165847 1415750, 2457350. 0 0 1142110 0.0102 0. 1.
1071101 107010000 110000000 0.0 0.135 0.135 0000 Pomon mmmmfeeae mmma]eees cescjeees cmem]ecss ccno]emen ssdo]eee-
1071201  5.9648000 5. 9648000 0.0 * sg u-tubes
G i, S i, i i e W Y b Yt et Pt S el e el e P —
* pressurizer connection tee steam generator side 1150000 sgtubes pipe
et i e i i, | e e e i, S it S it 1150001 8
1100000 przisgs branch 1150101 00 K
1100001 1 0 1150201  ©0.151171 7
1190101 0.0605063 0.9207292 0.0 0.0 0.0 0.0 1150301 ©.902 1
110162 4.0-5 0.0 01000 1150302 0.6096 3
1100200 © 1.5163247 1415050. 2455890. 0.0 1150303 0.462908 5
1101101 110010000 112000000 0.0 0.15 0.15 0000 1150304 0.6096 ¢
1101201  6.3002000 6.3002000 0.0 1150305 0.902 8
B i S e, S——anits, e Y— ——— 1150401 0.136356 i
* hot leg piping 1150402 0.0921538 3
B S S —— —— ————— — i —————— 1150402  9.0699783 5
1120000 hot legpp pipe 1150404 0.0921538 7
112000t 2 1150405 0.136356 8
1120101 00O 2 1150501 ©.0 R
1120201 00 1 1150601 90.u 4



YOOOK
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1250200 © 1.5106947 1227210. 2457340. 0.0
1251101 125010000 13000000D 0.0 0.13 0.13 0000
1251201 4 2208000 4. 4909000 0.

D T B e e S B EE

* pump 1 inlet

B B R e B B B

1300000 pmplinit sn.ivol

1300101 0.0 0.457201 0.0177444 0.0 9 0 0.457201
1300102 4.0-5 0.0 21000

1300200 O 1.5096947 1227210, 2457560. 0.0

e S At S e, i . e e S i S
* primary coolant pump 1

R, i GG SR st . st Shame s ac o
1350000 pepmpl pump

1350101  0.0366 00 0.0991 0.0 90 .0 0.317900
1350102 0O

1350108  13001000¢ 0.0 0.017 0.017 0000

1350108 140000000 0.0 0.05 0.05 0000

1350200 0O 1.5162047 1227280. 2455980. 0.0

1350201 © 4.4717000 4.7483000 0.

1350202 © 44715000 4.4715000 O.

1350301 O 0 0 =3 0 512 0
1350302 369.0 449573 .3155 96 500 .6 1.431
1350303 613.6 .0 207 433 0444 19 5987 0.
1350310 0.0 0.0 a.0

Wi Sy SR i | s i v Y— e
« pepl pump velocity table

i i i Qe i R, e Y. R s S Y a—.
1356100 501 entrlvar 902

1356101 9.0 0.0

1356102 369.0 369 0

iinin St P Sana i i v P Ny PSS e e
* pump 1 outlet pump side

i ciilfieiity | ARy NGl Al . " Y
1400000 pmploutp sngivol

1400101 0.0 0 502185 0.0183849 0.0 0.0 0.0
1400102 4.0-5 0.0 01000

1400200 0O 1.5229447 1227290. 2454300. 0.0

W (s . R el S . S G| W S Wl R~
* pumpl outlet pipe tee side

Bt it i, | G it Y . s i R Qe i G
1450000 pmploutt branc®

450001 2 0

1450101 0.0 1.40843 0.0633861 0.0 0.0 6.0
1450102 4.0-5 0.0 01000

1450200 0O 1.5231747 1227290. 2454300. G.0

1451101 140010000 145000000 0.0 0.0 0.0 0000
1452101 145010000 150000000 0.0 0.57456 0.050347 0060
1451201 4 .4741000 4 4741000 0.©

A4

1452201

i B B e B il T

* pump out let tee

e e B B B T

3.6395000 3.6395000 0.0

_--_l—_‘-

1500000  pmpout * branch

1500001 1 0

1500101 0.0 0.496511 0.0316011 0.0 0.0 0.C
1500102 4.0-5 00 01000

1500200 ©O 1.5223547 1227290 2454300. 0.0

1501101 150010000 175000000 0 063427 0.0 0.0 000000
1501201 51545000 5. 1648000 0 .©

Bl o it A R b Gt M ity e [ty S i
* pump 2 suction tee out let

boise Seccfuecs dentfemme fmaclenie sl i ——
1550000 pmp2suct  branch

1550001 1 0

1550101 0.0 1.00308 0.0640548 0.0 9 0 0.520704
1550162 4.0-5 0.0 01090

1550200 O 1.5106947 1227210. 2457340. 0.0

1551101 155010000 160000000 0.0 0.13 0.13 0000
1551201 4.2207000 4.4907000 0.0

B Sore . s i S s, i Y i i i Qs i
* pump 2 inlet pipe

Priae Sesuaais Sans s Seme i s e S — ——ta
1600000 pmp2Zinlt snglvol

1600101 0.0 0.457201 0.0177444 0.0 90 0 0.457201
1600102 4.0-5 0.0 01000

1600200 © 1.50969+47 1227210 2457560. 0.0

Simes amcsfeees cssnjecas cmvaletnn meesleeen s ] e ———
* primary coolant pump 2

Pores cmenuscs cssafeaes ccmaleses Snmaleeee Senefescs Seadfeesa
1650000  pcpmpZ pump

1650101 6 .0366 0.0 0. 0991 0.0 Q0 0 0.317900
1650102 0

1650108 160010000 0 0O 0.017 0.017 0000

1650109  170°50000 0.0 0.1 0.1 0000

1650200 o 1.5161847 1227280. 2455990. 0.0

1 501 0 4 .5461000 4 8246000 0.0

1650202 O 45459000 4 .5459000 0.0

1650301 135 135 135 . | 0 512 0
1650302 369 0.449573 3155 86 500 .6 1.431
1650303 613.6 0.0 207.433 0444 195987 ©
1650310 0.0 0.0 0.0

iRl i Potns e — - | e e

* pcp2 pump velocity tabie

it gt et | i i, i i i | i | i i
1656100 501 eatrivar 903

1656101 0.0 v.0

1656102  369.0 369.0

————]———



e aa smeadbe ol St Semedi e Sl s S
* pump 2 outlet

e uniimier Asmeativearron: s Reacans Tommeetnnon SR c s e e e
1700000 pmp2outt branch

1700001 1 0

1700101 0.0 0.514071 O . 0192958 0.0 0.0 0.0
1700102 4 .0-5 00 01000

1700200 © 1.5229447 1227290 2454350. 0.0

1701101 170010000 150000000 0.036611 ©.3847 0.6316 0000
1701201  4.4738000 4.4738000 ©.0

B e S S S B B

e iatact loop cold leg pipe

S s i il UG, | SR SIS, . A
1750000 ilclpipe pipe

1750001 2

1750101 0.0 2

1750201 0.0 1

1750301 ©0.558577 1

1750302 0.613244 2

1750401 ©0.035428 1

1750402 0.038895 2

1750501 0.0 2

1750601 0.0 2

1750701 0.0 2

1750801 4.0-5 0.0 2

1750901 0.0 0.0 1

1751001 01000 2

_751101 0000 1

1771201 O 1.52232+47 1227290. 2454500. 0.0 0.0 1
1751202 O 1.5222947 1227290. 2454510. 0.0 0.0 2
1751300 ©

1751301 5 1650000 51650000 0.0 1

i sttty (b s SR RCL. SRR WA . SR Y
* ecc comnect ion tee

Bt St s Rt Mo s, WP W B g,
1800000  ecct branch

1800001 1 0

1800101 0.0 1.15189 ©0.0730598 0.0 0.0 0.0
1800102 4.0-5 0.0 01000

1800200 © 1.5222547 1227290. 2454520. 0.0

1801101 175010000 180000000 0.0 0.0 0.0 000000
1801201 5. 1650000 5. 1650000 0.0

Wit s itaibod Sl i, ot Q. SN PAIAS,  iritn. eie Y adiie
* reactor vessel nozzle - intact leop cold leg

Bissiiis: s Yot s Rinbit o Pt e i, . Sy i
1850000 mixer ecemix

1750001 3 0

1850101 0.0 1.00965 0.0644920 0.0 0.0 0.0
1850102 4.0-5 0.0 00000

1850200 © 1.5222147 1227290. 245453¢. 0.0

1851101 605010000 185000000 0.0 0.935 0.935 001000
1852101 180010000 185000000 0 0O 0.0 0.0 000090
1853101 185010000 202000000 O 0634 2.8 2.8 000001

1851201  1.99758-3 2.02067-3 0.
1852201  5.1649000 5.1649000 0.
1853201 5.1671000 51671000 O.

LRSS TR TS SR TR SR SR SR SR SR SR SR T S T8 I8 T8 T% T8 S T % T8 3% % 3% T 3% 3% 3% 3
* reactor vessel! {200]

s303e8e8egetegogetegeteofogotegesogosefesososotosogesogesesosogess

P mnenfmeee comme— emn e cmes e cese ] ceea]enes
* inlet annulus upper volume intact side

Wil St S i i " ——— i  cr— Y it
20C3000  inanupri  annulus

2000001 1

2000101  0.1308530 1
2001601 0.0322690 1

2000401 0.0 v

2660501 0.0 1

2000601 90.0 1

2000801 3 81-6 0.172 1

2002301 3 R1-6 0.172 i

2001001 01000 1

2002701 00000 1

2001201 O 15201400, 1227290. 2455030. 00000000 ©.0
S Sesmfeics smmfieie measlesie seeelem—. e—afenee —eemfesas
* junction - upper to lower inlet annulus ‘ntact side

Bttt . bt e Pt Frm Pt i s s P et

2010000 inanmuin  sngljun
2010101 202000000 200000000 0.129467 0 .0000 0.0000 0100

2010110 0.172 0.0 1.0 1.0

2010201 O .731170 . 85084 0.0

e b Sl e e e B
* inlet ammclus middle volmme intact side

Do v Yottt i Jobins, i P bdonin. e Y, i i, . sttt Yt
2020000 inammidi annulus

2020001 1

2020101  0.1308530 1
2021601 0.049051v 1
2020301 ©0.2851823 1
2021801 0.7607787 1
2020401 ©.0 1



2020501 0.0 1

2020601 -90.0 1

2020801 3 .81-6 0.172 1

2022301 3.81-6 0.172 1

2021001 01000 1

2022701 00000 1

2021200 © 15201400, 1227290. 2455030. 0.0 0.0
e i i e —— o | i Yoo e
« junction - middle to lower inlet annulus intact side

i s i Wb SRt S G, i s Y
2050000 inanmlin sngljun

2050101 202010000 210000000 0.0709408 0.0 0.0 0100
2050110 ©.172 0.0 1.0 1.0

2050201 O 1.7724 1.8718 0.0

B St S . o f— i . it S
« inlet annulus lower volume intact side

B S e e — s w—f— —f—— | ———Ya
2100000 inanlwri annulus

2100001 4

2100101 0.0710000 1

2101601  0.0258470 1

2101602  0.1550460 2

2101603 0.1286870 3

2101604 0.1100840 4

2100162 0.0 4

2100201 ©.0709408 3

2100301 0.2534239 1

2100302 1.5200561 2

2100303 1.2616333 3

2100304 1 .0792591 4

2101801 ©0.6961386 1

2101802  1.0202559 2

2101803 0.9457054 3

2101804 0 8964118 4

2100401 0.0 1

2100402 O 1581866 2

2100403 ©0.1217000 3

2100404 0 .0986806 4

2100501 0.0 4

2100601 -90.0 4

2100801 3.81-6 0.102 4

2102301 3 .81-6 0.102 4

2100901 0.0 0.0 3

2101001 01000 1

2102701 70000 4

2101101 100100 3

21012010 © 15201400, 1227290. 2455030. 00000000 0.0
2101202 © 15204900 1227290, 2454940 00000000 0.0
2101203 0 15213600 1227290, 2454730. 00000000 6.0

2101204 O 15221100, 1227290. 2454550. 00000000 0.0
2101300 ©

2101301 3.2693 3.5236 0.0 1

2101302 3.2693 3.5236 0.0 2

2101303 3.2692 3.5234 00 3

2101401 0.102 0.0 1.0 1.0 1

2101402 0.i02 0.0 1.0 1.0 2

2101403 0.102 0.0 1. 1.0 3

Some memmfecnn mmeefeene e feeee smme]e——— —meefeeee sme—fee——
* junction - inlet annulus to downcomer imtact side
e S iy el S S

2150000 inan2dci sngljun

2150101 210010000 222000000 0. 0709408 0.0000 0.0000

2150110 0.102 0.0 1.0 1.0

2150201 © 2.5365 5. 1650 0.0

#omom mmmmfeees seen]emee meem]eeee —cesjeses come]e———
* lower plenum top volume

e  Seel et il b i S S
2220000 lwrpitc  branch

2220001 2

2220101 O. 0.3533183 0.2592277 0. -90.
2220102 3.81-6 0.0 01000

2220200 O 1.5225347 1227290. 2454450. 0.0
2221101 222010000 220000000 0.0 0.005 0.005
2222101 222000000 225000000 0 1499 1.5 1.5
2221201  7.17715-7 7.17715-7 O.

2222207 2 1R54000 2.4112000 O

B i i, | e i s G| S i S |
* lower plenum bottom volume

P i oo e s S i e P, i [
2200000 lowplbv  snglvol

2200101 0. 0.3741720 0.29656 0.0 -90 .
2200102 0. 0.0 01000

2200200 0O 1.5165547 1408220. 2455830. 0 0
Bt S Yo | i it it S i i e
* lower core support structure

Do Qe e i, i iris i Y i Y
2250000 lcoresup branch

2250001 3 0

2250101 0.2832456 0.5709989 0.0 0.0 0 .0
2250102 3.81-6 0.095 01000

2250200 © 1.5001847 1230920. 2459750. 0.0
2251101 225010000 230000000 9.4301-2 1.5 1.5
2252101 225010000 231000000 1.9099-2 1.5 1S
2253101 225010000 235000000 0.0 2. -

2251201 0.5923840 0.5923840 0.0
2252201  1.5174900 1.5174900 0.0
2253201  0.3590500 0.3590500 0.0
2251110 0 095 0. . & 1

100190

_-__‘-__.

_---l_-_-

-0.3533183

0000
6000

—---‘-_--

_---1‘___

-0.3741720

--_—l-_—-

_---l»_--



2252110 0.095 0. 9 | 2301408 0.012 0. 1 1. 8

225310 0.095 9. 1. 1. 2301409 0.012 0. 1 3 Q

B, Ml QUian - SN R, STy R TR S el Uil ey 2301410 0.012 0. 3 1 10

* active core (average core) 2301411 0.012 0. 1. 1. 1

D ot S ey e o coon iy Poomn meenlime Sads e Sl — ——— - f————
2300000 avgcore pipe * active core (hot)

2300001 12 B s dmmfe s S Y i i Y. e Qi G it
2300101 0.152397 2 2310000 hotcore pipe

2300102 0.142439 4 2310001 12

2300103 0.143852 6 2310101  3.08652-2 2

2300104 0.142604 B 2310102 2.88483-2 4

2300105 0.142578 10 2310103 2.91345-2 6

2300106 0.147386 12 2310104 2.88819-2 B

2300201 0.141784 3 2310105 2 .88766-2 10

2300202 O.119747 4 2310106  2.98503-2 12

2300203 0. 141784 7 2310201 2.87158-2 3

2300204 ©.119747 8 2310202 2.42526-2 4

2300205 0. 141784 11 2310203 2.87158-2 7

2300301 0 1397017 12 2310204 2 .42526-2 B

2300401 0.0 12 2310205 2.87158-2 11

2300501 0.0 12 2310301 ©.1397017 i2

2300601 90.0 12 2310401 0 12

2300801 1.27-7 0.012 12 2310501 0.0 12

2300901 0.0 0.0 3 2310601 900 12

2300902 0. 85 0.66 4 2310801  1.27-7 0.012 12

2300903 ©.0 00 ) 2310901 0.0 6.0 3

2300904 0. 66 0.66 8 2310902 0.66 .66 4

2300905 0.0 0.0 11 2310903 0.0 0.0 7

2301001 01000 12 2310904 0.66 0.66 »

2301101 0000 11 2310905 0.0 0.0 11

2301201 O 15048500. 1263450. 2459550. 00000000 0.0 02 2311001 01000 12

2301202 © 15045400, 1309480. 2459550. . 0C000000 9.0 04 2311101 0000 11

2301203 0O 15042500, 1357660. 2459550. 00000000 0.0G 05 2311201 © 15048500. 1263450. 245955C. 00000000 0.0
2301204 0 15040100. 1394080. 2459550. 00000000 0.0 06 2311202 0O 15045400 . 1309480. 2459550. 00000000 0.0
2301205 © 15037200. 1417170, 2459550. 00000000 0.0 10 2311203 O 15042500. 1357660. 2459550. 00000000 0.0
230,206 ¢© 15034300 . 1424460. 2459550. 00000000 0.0 12 2311206 0 15040100. 1394080. 2459550 00000000 ¢ 0
2301300 © 2311205 0 15037200, 1417170, 2459550. 00000000 0.0
2301301 1 4679000 1.4679000 0.0 02 2311206 0O 15034300, 1424460. 2459550. 00000000 0.0
2301302  1.7789000 1.7789000 0.0 04 2311300 0

2301303  1.5425000 1.5425000 0.0 06 2311301  1.4679000 1.4679000 0.0 02

2301304  1.8668000 1.BE58000 0.0 08 2311302 1 7789000 1.7789000 0.0 04

2301305  1.599400-) 1.5994000 0.0 1 2311303  1.5425000 1.5425600 0.0 06

2301401 0.M2 0. ¥ 5 1 2311304  1.8668000 1. 8668000 9.0 08

2301402 0.012 0. . 1. 2 2311305  1.5994000 1.59%4000 0.0 11

2301403 0.012 0. ; 5 3 2311401 0.012 0. 1. 1

2301404 0.012 0. s 1 23114902 0.012 0 3 i 2

2301405 0.012 0. 1. 3. 5 2311403 0.012 0. 1 1 3

2301406 0.012 0. 1. k. 6 2311404 9.012 0. 1. . B 4

2301407 0.012 0. , % 1. 7 2311405 0.012 0. 1. 1 5

28

G5

10
12



2311406 0.012 0. 1. 1 6

2311407 90.012 0. 1. i 7

2311408  0.912 0. R . 8

2311409 0©.012 0. A 1 9

2311410 0.012 0. 1. 1 10

2311411 0.012 0. R 11

TG, NSNS, A YRt Rt GRS, WA iviocds Seii Y Sttt
* core bypass volume (4 prozenti)

e e e e aamade et S
2350000 corebyps pipe

2350001 3

2350101 0.0129428 3

2350201 0.0 2

2350301 0. 5588068 3

2350401 0©0.0 3

2350501 0.0 3

2350601 90.0 3

2350801 3 .81-6 0.003 3

2350901 0.0 0.0 2

2351001 01000 3

2351101 0000 2

2351201 © 1.4995147 1230900. 2460030. 0.0 0.0 1
2351202 O 1.4989947 1230870. 2460150. 0.0 GO0 2
2351203 0O 1.4984647 1230840. 2460270. 0.0 0.0 3
2351300 O

2351301  0.6985700 0. 7883400 0.0 1

2351302 0.6985700 0.7893600 0.0 2

2351401 0.002 0. : N 1. 1

2351402 0.003 0. 3. : {8 2

Bt S RRNGS, S i, SRS SG - ARG Sy MY
» upper end boxes and support structure

Bt miiuisan wnpilediai bl A R G MR aiias
2400000 wprendbx branch

2400001 3 0

2400101 0 2423341 0.5867979 0.0 G.0 90 .0 05867979
2400102 3.81-6 0.145 01000

2400200 0O 1.4977747 1423500. 2460430. 0.0

2401101 230010000 240000000 9.2971-2 1.5 1.5 100000
2402101 231010000 240000000 1.8829-2 1.5 1.5 100000
2403101 235010000 240000000 0.0 12. 12. 100000
2401201  0.5486000 0.5484000 0 0

2402201  1.5486000 1 5484000 0.0

2403201  0.4357900 0.4357900 0.0

2401110 0. 012 0. 1 1.

2402110 0 .02 0. 2 A

2403110 0.003 0. 1. 1.

Boiain. nsYsiinis, iy SR, A . i S
* upper core support structure - cross flow region

. e e o e ——ae Pt duay e P | e

A8

2450000 wprcrsup branch

2450001 2 0

2450101 00 0.4933248 0. 1280806 0.0 90 .0
2450102 3 Bi-6 0.145 01000

2450200 0O 1.51905+7 1420710. 2455290. 0.0
2451101 240010000 245000000 0.0 0.0 00
2452101 245010000 251000000 0.0 0.0 0.0
2451201  1.49177%00 1.6814000 0.0

2452201 2 .34575-6 2.34579-6 0.0

2451110 0.145 0. 8 s

2452110 0.145 0. 1. B

B emiefimne cuan i S ——— e ——
* upper flow skirt region

L omeaiiamues Semadibenss b i s Sa i B
2500000 uflwskrt branch

2500001 1 0

2500101 0.1547532 6.7850547 0.0 0.0 90.0
2500102 3 .B1-6 0.131 01006

2500200 © 1.5185047 1420710. 2455420. G .0
2501101 245010000 250000000 0.0 0.0 0.0
2501201  2.3359000 2.5642000 0.0

250111 G.145 0. 3- L.

B wnnie Juisics. i i i et et Y
* dead end of fuel moduies

R it el ey pocradia s T e T
2510000 defimods snglvol

2510101 0.0 0.7844123 0.1154214 0.0 90.0
2510102 3.81-6 0.214 01000

2510200 © 1.51872+47 1590340. 2455370. 0.0
e e I e e e
* upper head

P mmmafes et s i i — ———
2520000 wuprhead branch

2520001 2 0

2520101 02622585 0.2869580 0.0 0.0 Q0 0
2520102 3.81-§ 0.0 01001

2520200 O 1.5182547 1415050. 245549%0. 0.0
2521101 250010000 252000000 0.0 0.006 0.006
2522101 202000000 252010000 0.0 0.90+4 0.90+4
2521201  2.3358000 2.5642000 0.0

2522201 ©.053 0.053 0.0

2521110 0.131 0. R ;

2522110 0.172 0. e 1

| e t— —— < e = e P i —
* upper plenum bottom volume

Pons mmisfies mmselin ccoafetis cessfenes e ]eeee
2550000 uprplbot branch

2550001 2 0

2550101 0.2622585 0.6312304 0.0 0.0 80 .9

0.4933248

100000
100000

-_—-‘_---

]

0.7850547

100000

~—_-l_-_-

__-_‘_---

0.7844123

-_--‘-—_-

_---I----

0. 2869580

100000

_--_‘_--_

0.6312304



2550102 3.81-6 oo 01000

2550200 O 1.51822+7 1539710. 2455490 0.0

2551101 250010000 255000000 0.0 0.006 0.006 100000
2552101 255210000 260000000 0.0 0.03 J2.03 100000
2551201 2.16560-5 2.16570-5 0.0

2552201 1.21306-5 0.1789200 0.0

2551116  9.131 0. 1. i.

i e i e St el S e i
* upper plenum tep volume

il i, St Y. i Qs | St et ey B i, e i
2600000 wuprpltop snglivol

2600101 0.0 0.7747094 0.1914909 0.0 90.0 07747094
2600102 3.81-6 00 01000

2600200 O 1.51787+47 1582880. 2455580. 0.38893

i e il | o R isiie. Ml e i e i, o Y
* inlet annulus upper volume intact side

P St e fe— e fe—— et e e
2700000 inanupri annulus

2700001 1

2700101 0.1308530 1

2701601 ©.0322690 1

2700301 0.1876129 1

2701801 0.7607831 1

2700401 0.0 1

2700501 0.0 1

2700601 90.0 1

Z700801 3 .81-6 0.172 1

3.81-6 0.172 1
2701001 21000 1
2702701 0000 1

2701201 © 15201400, 1227290. 245563C. 00000000 0.0
DS | S e, AN, i, G s e, i i
* junction - upper to lower inlet annulus intact side

Sl it Prieiiinn. Sl Y oiiatn, S Qi i ki it Qi S e
2710000 inanmuin  sngliun

2710101 272000000 270000000 0. 129467 0.0000 0.0006 0100
2710110 0.172 0.0 1.0 1.0

2710201 © i . 0.0

Wi bt Prsimics, Ui, e, S G, i Ry i i
* inlet annlus middle volume intact side

Goaios s S s e SRt S, e R i
2720000  inanmidi annulus

2720001 1

2720101  ©0.1308530 1

2721601 0.0490510 1

2720301 0.2851823 1

2721801 0.7607787 1

2720401 0.0 1

2726501 0.0 1

- A9

2720601 -90.0 1

2720801 3.81-6 0.172 1

2722301 3.81-6 0.172 1

2721001 01000 1

2022701 00000 1

2721200 © 15201400 1227290. 2455030. 0.0 G.0
Siiis i Smhiills Mo i Wi Yt s Y e ool bt
* junction - middle to lower inlet annulus intact side

e, M P i R S it St Y, S . i Y s
2750000 inanmliin sngijun

2750101 272010000 280000000 0.0709408 0.0 0.0 0100
2750110 0.172 0.0 1.0 1.0

2750201 ¢© 0.5 0.5 0.0

Pt S Yl i e Y e Y i [ it i i
* inlet annulus lower volume intact side

L ntmneiiamnet et S dib s paaedb ey el SR S S
2800000 inaniwri annulus

2800007 4

2800101 ©.0710000 1

2800102 © 0O 4

2801601 ©.0258470 1

2801602 0.1550460 2

2801603 0.1286870 3

2801604 0.1100840 4

2800201 0.0709408 3

2800301 0.2534239 1

2800302 1 5200561 2

2800303 1.2616333 3

2800304 1 .0792591 4

2801801 0.6961386 1

2801802 1.0202559 2

2801803 0 9457054 3

2801804 0. B9654118 4

2800401 0.0 1

2800402 0. 1581866 2

2800403 0.1217000 3

2800404 0.0986806 4

2800501 9.0 4

2800601 -90.0 4

2800R07 3.81-6 0.102 4

2802371 3.8'-6 0.102 4

2800901 0.0 0.0 3

2801001 01000 4

280270F 00000 4

2801101 100100 3

2801201 © 152C1400. 1227290. 24550630. .0000000C 0.0
2801202 © 15204900. 1227290. 2454940. . 0000000C 0.0
2801203 © 15213600. 1227290. 2454730. 00000000 ©.0
2801204 O 15221100, 1227290. 2454550. .0GO000000 0.0

- 0D e



2801300 O

2801301 0.5 0.5 0.0 1

2801302 0.5 0.5 0.0 2

280130 0.5 0.5 e 3

28GisD1 0 102 L 1.0 1.9 i

2801402 0.102 9.0 1.0 1.0 2

2801403 0.102 0. 1.0 1.0 3

Wl ol i o e . b i, i iy | i et s it
* junction - inlet annulus to downcomer intact side

P e f—— ——e— e lenes emeeeecs csasjeses snecleee
2850000 inan2dci  sngljun

2850101 280010000 222000000 0.0709408 0. 0000 0.0000 100100
2850110 0.102 0.0 1.0 1.0

2850201 O 0.5 0.5 0.0

P mmcafenes coeelecee cees]eces crecfetee e cn]emee ecasfeans
* junction - between inlet annulus top volumes ot both sides
B Srea s S e Seseass cona et S Y
2900000  jbinantv  sogljun

2900101 200010004 270010003 0.0 1.8341 1.8341 0100
2900201 0O 0.5 0.5 0.9

Poins P w——fa e seasfles Samle— -] ———

B e e T e O T T T R e e e e e e e e e A e S e e e e

-
. Lroken loop

*$efefefegefogofofefogegetefofofogegeofefofotafefefotofefofosofese

e et Poassn e P S RS s P Rsiin,
* reactor vessel nozzle - broken loop hot leg

e e B i Sl ey el S S
3000000 rvabihl branch

3000001 2 0

3000101 0.0 0.876303 0 .0575410 0.0 00 0.0
3000102 4.0-5 0.0 01000

3000200 O 1.5182547 1237685. 2456050. 0.0

3001101 252010000 300000000 ¢ 067014 0.7385868 1.2309481 0002
3002101 300010000 305000000 0 063426 0. 1005 0.1005 0000
3001201 O 0. 0.0

3002201 O. 0. 0.0

P i St i e [ S i, —e e | a f—
* hot leg pipe to refiood assist bypass tee

e et S g b e S S S
3050000 hiprabst branch

3050001 1 0

3050101 0.0 0.69833: 0 0442927 0.0 0.0 e.0
3050102 4.0-5 OC.u 01000

3050200 © 1.5182547 1237685. 245695G. 0.0

3051101 305010000 310000000 0.063426 0.1005 0.1005 0000

“ A0 -

3051201 O. 0. 0.0

e dh e sl ot maaeib ey amsellony Soe s S
* broken loop hot leg comtraction

| sumandinasens ameatiecens pasale st St s mctmealibeasst e e o
3100000 blhicont branch

3100001 2 0

3100101 0.0 1.50013 0.0678467 0.0 0.0 00
3100102 4.0-5 0.0 01900

32100200 0 1.51825+47 1237685. 2456950, 0.0

3101101 380010000 310000000 0 0388 0.84 0.84 0000
3102101 310010000 315000000 8 3647-3 0.553 1.09055 0000
3101201 0. 0. 0.0

3102201 0. 0. 0.0

Somrin e feitn St e Y St —— ——— i ——
* steam generator and pump simulatior

oo i Yoivinis. il i Pt it Y Sty it B i Rt
3150000 sgpmpsim pipe

3150001 B

3150101 0.0 8

3150201 B8.3647-3 1

3150202 1.12-2 2

3150203 0©0.105626 3

3150204 1.12-2 4

3150205 R .3647-3 7

3150301 0.919969 1

3150302 1.987956 .

3150303 0.849744 4

3150304 1.987956 S

3150305 1.371350 6

3150306 1.365029 7

3150307 1.674812 8

3150401 7.75291-3 1

3150402 © 1721108 2

3150403 B.97552-2 4

3150404 0.1721108 5

3150405 1.82303-2 6

3150406 5.45687-2 7

3150407 1.82489-2 &

3150601 9%0.0 3

3150602 -90.0 7

3150603 90.0 8

3150701 0.679201 1

3150702 1.987956 2

3150703 0.457202 3

3150704 -0.457202 4

3150705 -1.987956 5

3150707 ~1.371350 6

3150708 -0.520701 7

3150709 1.212851 8



3150801 4.0-5 0.0 8

315e301 0.93596 0.93596 1

3150902 2.0 20 2

3150903 ¢€.5 0.5 3

3150004 2.0 2.0 4

3150005 0.23025 0.23025 5

3150906 2.534 2.534 6

3750907 5.069 5.069 7

4151001 01000 8

3151101 0000 7

3151201 O 1.518032% 1237700. 2456950. 0.0 0.0 1
3151202 O 1.5171547 1237700. 2456850. 0.0 0.0 2
3151202 O 1.5163647 1237700, 2456950. 0.6 0.0 3
3151204 © 1.5162847 1237700. 2486950 0©.0 0.0 4
3151205 © 1.5169847 1237790. 2456950, 0.0 0.0 5
3151206 O 1.5180947 1237700. 2456950. ©.0 0.0 &
3151207 O 1.5187147 1237700. 2456950. 0.0 0o 7
3151208 O 1.5184847 1237700. 2456950. 0.0 0.0 8
3151300 ©

3151301 0. 0. 0.0 7

Sotinis i i, st o, i R bt s Gl it [t e Y
* hoi leg break valve

SR, it i il A | Mo YR | SMSR R | BN S G
3170000 hibreak valve

3170101 315010000 700000000 8 3647-3 0 94883 0 94883 0100
3170102 1.0 1.0

3170201 O 0. 0. 0.0

2170300 trpviv

3170301 510

e o S e Sty Sl s S
* reactor vessel nozzle - broken lcop cold leg

Soinn s Y s s S Qi it e i . i Y i
3350000 rvnblel  branch

3350001 2 o

3350101 0.0 0.749305 0.047979 0.0 .0 0.0
3350102 4.0-5 0.0 01000

3350200 © 1.5193547 1273905. 2456950. 0.0

3351101  2720000G0 335000000 0.064130 1.4555694 0.812833 0002
3352101 335010000 340000000 0.063426 0.1005 0.1005 0000
3351201 0. 0. 0.0

3352201 O 0. 0.0

Pioiisnin i Yisoinn o it il iy, S Yy | e i e Y
* cold leg pipe to reflood assist bypass tee

P s Sia it b i i i i Yt it R, it Y
3400000 clprabst branck

3400001 1 0

3400101 0.0 0 698336 0.0443927 0.0 0.0 0.0
3400102 4.0-5 0.0 01000

3400200 O 1.51935+47 1273905. 2456950. 0.0

- 8%~

3401101 340010000 342000000 0 063426 0.1005

3401201 0. 9. 0.0

Posiin cinsferie mncifmmn c—— i S— e | ———nl —
* broken loop cold leg rabs to dtt

P s e cerefesns clee e i i i
3420000 bicl2dtt  branch

3420001 1 0

3420101 ©.0 0.5715069 0.0362484 0.0 0.0
3420102 4.0-5 0.0 01000

3420200 O 1.5193547 1273905. 2456950. 0.0
3421101 342000000 370000000 ©.0388 0.84 0.84
3421201 0. 0. 0.0

. e Jitiiy St Y e e G St [ e it R vt
* broken loop coid leg dtt to break plane

i Sl el i ey e L
3440000 bici2brk branch

3440001 1 0

3440101 0.0 0.9286231 0.0310679 0.0 0.6
3440102 4.0-5 0.0 01000

3440200 © 1.5193547 1273905. 2456950. 0.0
3441101 342010000 344000000 0.0540157 6. 545 14.05
3441201 O 0. 0.0

ias mmcnfeias i, . St Y iy Yt
* cold leg break valve

i et s e el e e o
3470000 clbreak valve

3470101 344010000 705000000 8.°.47-3 G.415 0.415
3470102 1.0 1.0

3470201 O 0. 0. 0.0

3470300 trpviv

3470301 510

ity Siivie i ol sy i sbiinte. g Y i St R b
* reflood assist bypass piping - cold leg side

M. b oo R boial . o . B i Syt R i sl i
3700000 rabscl pipe

3700001 3

3700101 0.0388 2

3700102 0.0776 3

3700201 0 0388 2

3700301 0.0 3

3700401 0.0279 1

3700402 0.070 2

3700403 0.1165 3

3700601 90.0 1

3700602 0.0 3

3700701 0.64 1

3700702 0.0 3

3700801 4.0-5 ¢.0 3

3700901 0©0.28 0.28 1

0. 1005 0000

———]e——

--.-I_-_-

0.0

0000

____l-_—-

0.0

0000

—--_!_-_-

_.__1-___

0100

____I__--
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-2 .500000-01
0. 000000400
1355304  1.000000+00 3.569000-01

e e e S ma e —ossfee

1355302  4.000000-01

* torgue curve no. 6
B i i s St Js e e e
1355400 2 6

1355401  0.000000+00 1.233610400

1355402  9.064300-02
1355403 188569001
1355404 2 .734700-01
1355405 4 _586690-01
1355406 5. 744800-01
1355407 7 371600-01
1355408 7. 685200-01
1355409 8 ,00570-01
1355410 1 000000400

P cmafiie ———fense cee—fe—— s S
* torgue curve no. 7
e cmmnfmne Semsfemes mm——feeee e —me e

1355500 2 7

1355501  ~1.000000400 -1.000000+00
1355502 -3.000000-01 -9.000000-01
1355603  ~1.000000-01 -5.000000-01
1355504  0.000000+00 -4 .500000-01

D s st sl St Ser s S
* torgue curve no. 8
s it me e S St St

1365600 2 R
1355601  -1.000000400 .
1355602 -2 500000-01
1355603  ~8.000000-02
1255604  0.000000+00
e s st Sty Sase iy S S
-

* STEADY STATE CONTROLLER

-

e mmesfesis semsfeses sess]eeee —sem e Soeefe———
-

* nep controlier

.

e e S e S S

* calculate mass flow error

e jom—m —— Jo  cmmnfene e S fe——
20590100 msserr sum 1.0 0.0 1
20590101 248.7 -1.0 mflowi 100020000

B e i el St S

* pumpl speed

e e S e i S

_---!_—_—

—— l-- _—

———— ‘___-

..___‘___._

_---l_-_-

____1.\ —

--_-‘..___

_-_,..l--_-

20590200 peplspd integral 0. 34482 165892 1
20580201 cntrivar 901

B . S e B B

* pump2 speed

B . s L s S
20590200 pep2spd integral 0.34482 165 901 1
20580301 cntrivar 901

o it e ety Toeed e sronnlibenecr Smmndisen: sune
-

* pressurizer controller

-

o ol St seeafes Sl e~
4250000 pzrcont sng! jun

4250101 420010000 437000000 0.0 0.0 oo
4250201 O 0.0 0.0 0.0

Do i i it - & s, it Qi it R e
4300000 pzrtdv tmdp >l

4300101 10.9 10.0 0.0 00 0.0
4300102 4 . e-5 0.9 00000

4300200 2

4300201 0.0 1.509+7 1.0

Qi i i s i s Y i, S Y i, it i
e

* chargiag - letdown controller

-

e e T e B S

* charging reservior

B i i, it o i s, Sl Y—
9800000 chrgresr tmdpvol

9800101 1.0 1.0 0.0 0.0 0.0
9800102 4.0e-5 0.0 0000

9800200 3

9800201 0.0 2.07+47 559.2

G, ot Yt i s | e s i i e Qi
9850000 chrgvalv valve

9850101 980000000 185000000 3 .85e-5 0.0 0.0
9850201 O 5.08458-4 6.08468-4 0.0

9850300 srvvir

9850301 905 939

et B B B B B

» charg:ng valve position calculator

. S it e B s e R
20590500 charge sum  # 0.0 0

+ 3 00 1.6

20590501 1.04 -1.0 entrivar 2

B e B B B

* letdown sink

ot e Eee e B 1----
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L e

D i B e S B et B B 1350301 0 0 0 -1 o 512 0

. 1350362 369.0 .449573 3155 96. 500.6 1.431
. TRANSIENT INPUT FOR LP-02-6 1350303 613.6 -0 207 433 0444 19.5987 0.

. 1350310 ©.0 0.0 0.0

. PUMP COASTDOWN BY TIME CEPENDENT SPEED TABLE Py SRS e SRS SR e Sl
. FEED¥ATER CUT OFF RATE INCLUDED * primzry coclant pump 2

. REMOVE STEADY-STATE CONTROLLERS et s B B B e
- 1650000 pcpmp2 pump

. FINAL EDITION - 6. 30. '96 1650101 0 036 0.0 0.0991 0.¢ 9.0 0.317900
. EDITOR - T. S. CHOI 1650102 0

. 1650108 160010000 0.0 0.017 0.017 0000

I St S SRR S SOy AN, St - 1650109 170000060 0.0 0.1 0.1 0000

100 restart transnt 1650200 © 1.5161847 1227280. 24,5990. 0.0

01 run 1650201 © 4.5461000 4 8246000 0.0

103 6132 1650202 0O 4.5459000 4.5459000 0.0

105 50 10.0 * Ko CPU time limit 1650301 135 135 135 -3 0 512 0
201 30.0 1.0-12 0.01 14003 10 1000 1600 1650302 369 0.449573 3155 96 . 500.6 1.431
202 800 1.0-12 0.00Z 14003 50 5000 5000 1650303 613.6 0.0 207 433 0444 19.5987 ©.

. 1650310 0.0 0.0 0.0

R e e S e i C it ST SRS (.
. trips * 004 accumulator level

. . S S B . s — a—
AR AR R A R R e A e L A R R e e e 20500400 acemlv! integral -4 7764-2 2.1 0

. 20500401 velfj 610000000

e e L o G PR i i R T, A S SAAE e Sesmmiensyy sorameme: et
. 500 end of job trip * pcp 1 speed table

SRS oo ettt R S WA s s i i S i BEEES Setfeiay semafecion sl Sl v g —
S00 time 0 ge null 0O 80. i 1356100 512 time 0

600 500 1356101 -0.822 164 56221

. break open 1356102 -C¢.722 164 99904

510 time 0 ge il O 0.0 ! 1356103 0. 278 165. 18525

. rep trip 1356104 1.278 15938265

512 time 0 ge timeof 510 0.8 I 1356105 2.278 151.20768

SPnts AR O () ety S e | St s RN St 1356106 3.278 141.78462

* It 682 accumulator valve card 6100301 1356167 4.278 132.79839

Tt RS MGG - S St s e S 1356108 5.278 127 61883

582 cntrlvar 4 It nul! 0 1.05137 1} 1356109 6.278 12187763

6R2 ~582 and 515 0 1356110  7.278 116.63567

SIS o  risvame RS o [P . JRASES St ot e 135€'11  8.278 111.3313

* primary coolant pump 1 13656112 9.278 105 . 09086

S S RS Syl R S, SR 1356113 10.278 $9.9113

1356000  pcpmpl pump 1356114  11.278 93 . 35885

1350101  0.0366 0.0 0.0991 0.0 90.0 0.317%00 1356115 12.278 38.05448

1350102 O 1356116 13 .278 86 68158

1350108  13001C000 0.0 0.017 0.017 0000 1356117 14.278 81.75164

1350109 140000000 0.0 0.95 0.05 0000 1356119 15.278 76.57208

1350200 0 1. 5162047 1227280. 2455980. 0.0 1356120 16.278 73.01503

1350201 © 4.4717000 4.7483000 0. 1356121 17.278 72.70301

1350202 © 44715000 4 4715006 0. 1356122 18.278 67 .96028

_A32-



1356123 19.278 64 77766
1356124 20.278 65. 15208
1356125 21.278 6427842
1356126 22.278 69.09733
136127 23.278 61.34542
1356128 24.278 55 97864
1356120 25 278 56 7275
135613C 26.278 58.10039
1356131 27.278 62 21908
1356132 28.278 58 59963
1356133 29 .278 60 97099
1356134 30.278 62 78072
1356135 31 278 58 34848
1356136 32.278 55 66662
1356137 33.278 57 . 66356
1356138 34 278 57 . 66356
1356139 35 278 596605
1356140 36 278 62 5935
1356141 37.278 60 22214
1356142 38 278 58 47482
1356143 39 278 §1.47023
1356144 40 278 59 22367
1356145 41.278 6327995
1356146 42 278 59 97252
1356147 43.278 62 71831
1356148 44 278 67 08662
1356149 45.278 66 . 15055
1356150 46 278 61 65744
1356151 47.278 70 . 20683
1355152 48,278 65.96334
1356153 49.278 75. 19918
1356154 50.278 74.0135
1356155 51.278 75.26159
1356156 52 278 83. 18694
1256157 53.278 83.62377
1356158 54.278 81.43962
1356159 55 278 76_8217
1356160 56.278 72 .6406
1356161 57 .278 71.95416
1356162 58 278 6914596
1356162 59.278 64 15361
1356164 69 278 46 61798
1356165 150.0 2022095
e e S B B o
* pcp 2 speed table

D e e S e S Sy S i Sy
1656100 512 time o
1656101 0.9 164 56221

1656102 -0.722 1€1.99904

-A33_

1656103
1656104
1656105
1656106
1656107
1656108
1656109
1656110
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1356153 49.278 75.19918
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