NUREG/IA-0114

International
Agreement Report

Assessment of RELAPS/MOD?3
With the LOFT 1L9-1/1.3-3
Experiment Simulating an
Anticipated Transient

With Multiple Failures

Pf&“’.ll('\’ ["j»
Young Scok Bane, Kwang Won Seul. Hho Jung Kim

Korea Institute of Nuclear Safety
P O. Box 16, Dacduk-Danyi
l.!\‘[aiil Korea

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DC  20555-0001]

February 1994

Prepared as part of

ihe Agreement on Research Parti ipation und T

under the International Thermal-Hedranlic Code Assessmaent
and Apphication Program (1CAP)

hocal Bxgchange

9404010254 940228
PDR  NUREG

Published by 1A-0114 R PDR

LS. Nuclear Regulatory Commission

ot s 0 R e b BTt o T s - st bl P S R



NOTICE

This report was prepared under an international cooperative
agreement for the exchange of technical information. Neither
the United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for any third party’'s
use, or the results of such use, of any information, apparatus pro-
duct or process disclosed in this report, or represents that its use
by such third party would not infringe privately owned rights.

M

Available from

Superintendent of Documents
.S, Government Printing Office
P.0. Box 37082
Washingtan, D.C. 20013-7082

and

National Technical information Service
Springtield, VA 2216



NUREG/IA-0114

International
Agreement Report

4/.
1 .

e e e e T ——————

- e e e et e s e 7 ot 1 7 e

Assessment of RELAPS/MOD?3
With the LOFT L9-1/1.3-3
Experiment Simulating an
Anticipated Transient

With Multiple Failures

Prepared by
Young Seck Bang, Kwang Won Seul. Hho Jung Kim

Korea Institute of Nuclear Safety
P O Box 16, Daeduk-Danj
laejon, Korea

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission
Washington, DO 20555-0001

February 1994

Prepared as part of

The Agreement on Research Participation and Technical Exchange
under the International Thermal - Hydraulic Code Assessment

and Appliation Program (1CAP

Published by
U.S. Nuclear Regulatory Commission



b

L, LSy aeC T Y

N
Bl 3

NOTICE

This report 15 based on work performed under the sponsorship of The Korea
Advanced Enerqy Institute of Korea. The information in this report has been
provided to the USNRC under the terms of an information exchange agreement
between the United States and Korea (Agreement on Thermal-Hydraulic Research
between the United States Nuclear Regulatory Commission and The Korea Advanced
Energy Research Institute, May 1, 198€). Korea has consented to the publication
of this report as a USNRC document in order that it may receive the widest
possible circulation among the reactor safety community. Neither the United
States Government nor Korea or any agency thereof, or any of their employees,
makes any warranty, expressed or implied, or assumes any legal liability of
responsibility for any third party's use, or the results of such use, or any
information, apparatus, product or process disclosed in this report or

represents that its use by such third party would not infringe privately

owned rights.

R Ty —— R 2 p— R R T T R I L e




Assessment of RELAPS/MOD3 with the LOFT L9-1/L3-3 Experiment
Simulating an Anticipated Transient with Multiple Failures

Abstract

The RELAPS/MOD?3 5mS5 code is assessed using the 1.9-1/1.3-3 test carried out
in the LOFT facility, a 1/60-scaled experimental reactor, simulating a loss of
feedwater accident with multiple failures and the sequentially-induced small break
loss-of-coolant accident. The code predictability is evaluated for the four separated
sub-periods with respect to the system response; initial heatup phase, spray and
power operated relief valve(PORV) cycling phase, blowdown phase and recovery
phase. Based on the comparisons of the results from the calculation with the
experiment data, it is shown that the overall thermal-hydraulic behavior important
to the scenario such as a heat removal between the primary side and the secondary
side and a system depressurization can be well-predicted and that the code could
be applied to the full-scale nuclear power plant for an anticipated transient with
multiple failures within a reasonable accuracy. The minor discrepancies between
the prediction and the experiment are identified in reactor scram time, post-scram
behavior in the initial heatup phase, excessive heatup rate in the cycling phase,
insufficient energy convected out the PORV under the hot leg stratified condition
in the saturated blowdown phase and void distribution in secondary side in the
recovery phase. This may come from the code uncertainties in predicting the
spray mass flow rate, the associated condensation in pressurizer and junction fluid
density under stratified condition,
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Executive Summary

This report presents the RELAPS/MOD3 code assessment calculation using the
test L9-1/L.3-3 conducted in the loss of fluid test(LOFT) facility. The LOFT
facility was a 1/60-scaled experimental reactor. The experiment L9-1/L3-3
simulated a loss of feedwater accident(LOFA) with multiple failures and a
consequentially-induced small break loss of coolant accident(LOCA).

The full period of the test was separated with four sub-periods according to the
thermal-hydraulic charateristics ; the initial heatup phase, the spray and power
operated relief valve(PORV) cycling phase, the blowdown phase and the recovery
phase.

RELAPS/MOD3 calculation successfully simulated the complex sequence of
events associated with a LOFA and a consequential LOCA. Based on the
comparisons between the calculation results and the experiment data, the overall
behavior such as a subcooled heatup and a depressurization in the primary
coolant system, and a heat remval after the dryout in steam generator secondary
side was well-predicted throughout the four sub-periods. However. the calculation
results show the reactor scram earlier than the experiment, resulting in the
overestimation of the post-scram cooling, which may due to a code uncertainty
in the spray mass flow rate and the associated condensation in the pressurizer.
Due to this difference, the predicted initiation and completion times were
somewhat delayed. The excessive heatup rate was also found in the spray cycling
phase, which may come from the overprediction of discharged flow rate through
the PORV during the blowdown phase. And the RELAPS/MOD?3 predicted an
inaccurate junction fluid density under the hot leg stratified, which resulted in an
insufficient energy convected out the PORV. This caused an overprediction in
primary system pressure and temperature during the saturated biowdown phase.
in the recovery phase, the RELAPS/MOD3 calculation yields an inaccurate void
distribution in the SG secondary side. It may be ascribed to the overprediction
of the pressure and temperature drop in primary coolant system.
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1. Introduction

The RELAPS/MOD3 code (1] was developed by the Idaho National
Engineering Laboratory (INEL) under the sponsorship of US Nuclear Regulatory
Commission (NRC), and its frozen version, SmS was released at the end of 1990,
Through the developmental assessments conducted [2], the code capability was
investigated, however, the code predictability for such transients as an anticipated
transient with multiple failures was not fully demonstrated. This report
summarizes a code assessment using the typical experiment simulating this type
of transient, the L9-1/L3-3 [3] conducted in the Loss-of-Fluid-Test (LOFT )
facility [4]. The test L9-1/1.3-3 composed of two sequential tests: L9-1 and L.3-3,
which simulated a loss of feedwater accident (LOFA) with multiple failures and
a consequentially-induced small bereak loss of coolant accident (SBLOCA) in
pressurized water reactor (PWR), respectively.

The major objective of this study was to identify the code capability of the
RELAPS/MOD3 5mS on the prediction of thermal-hydraulic (TH) behavior in
primary coolant system (PCS) and secondary coolant system (SCS) during the
LOFA with multiple failures and the consequentially-induced LOCA. To achieve
this objective, the full period of the test L9-1/1.3-3 was separated with four
sub-periods with repect to the system response on the accident : the initial heatup
phase, the spray and power operated rief valve(PORV) cycling phase, the
blowdown phase and the recovery phase. The programmatic objectives of this
study are :

. to provide RELAPS/MOD3 simulation of the test L9-1/L3-3 for
demonstrating the code applicability to this kind of transient in full-scale
PWR,

2. to evaluate the accuracy and the discrepancy of the code in predicting the
following TH phenomena during the four sub-periods based on the
comparison with the experiment,

- Steam generator (SG) secondary side dry out after a LOFA
- Post-scram PCS cooling



- PCS heatup in subcooled state and pressurizer liquid level swell
- Pressunzer spray valve actuation and pressure control
- Pressurizer PORV cycling and pressure control
- PCS depressurization due to PCS mass depletion through PORYV
- Two-phase break flow through PORV and hot leg stratification
- PCS depressunization due to the secondary side refill and secondary
side feed and bleed
3. to idenufy reasons for the discrepancy evaluated in item 2.

The descriptions of the LOFT system and the test L9-1/1.3-3 are given in Chapter
2. The code description, the input modeling and the initial and boundary
conditions are given in Chapter 3. The results of the calculation are discussed in
Chapter 4 and the run statistics given in Chapter 5. The conclusions obtained
throughout the assessment are summarized in Chapter 6.



2. Facility and Test Description

2.1 Facility Description

The LOFT facility is an experimental 50 MWt PWR designed to simulate
LOCA’s and anticipated transients and to provide data on the thermal-hydraulic
phenomena occuring throughout the system [4]. It is a scaled representation of a
commercial PWR of Westinghouse type having 4 loops with a volume ratio of
1/60. The LOFT system consists of five major systems : reactor system, primary
coolant sysytem, blowdown suppression system, emergency core cooling system
and secondary coolant system, and also includes instrumentations. The lengths of
the core and reactor vessel are 1.68 and 7 m, respectively. The overall
configuration is shown in Fig.1.

The break location for the test 1L9-1/1.3-3 was the experiment PORV located in
the pressurizer relief line at the top of the prerssurizer. The experiment PORV
was geometrically similar to the commercial PWR PORV's and was steam-scaled
by 1.32 x 102 kg/s/MW. The detailed description was provided in reference [10].



2.2 Test Description
The experiment 1.9-1/L3-3 composed of two sequential tests, The test L9-1

simulated a LOFA with delayed scram and no auxihary feedwater injection in

PWR. The test L3-3 described the LOFA recovery modes initiated by tripping the

PCP and depressurizing the PCS through the PORV in pressurizer. The

experiment objectives were as follows [5];

l. For L9-1:

a. To evaluate uncertainties in predicted primary and secondary thermal
hydraulic response associated with steam generator dryout during delayed
scram.

b. To evaluate the adequacy of PORV to provide overpressure protection in a
LOFA,

2. For L3-3

a. To investigate uncertainties in system response during a PORV imposed
small break with loss of heat sink.

b. To assess the adequacy of modelling assumptions which are used in small
break performance predictions such as those identified in NUREG-0623 [7].

¢. To assess the effectiveness of steam generator refill on LOFAs following
reestablishment of auxiliary feedwater availability.

d. To assess the relative magnitude of the change in reactor vessel mixture
level as a result of primary coolant system shrink during steam generator
refill.

¢. To contribute to the NRC relief and safety valve testing program by
providing experimental data on PORV performance charateristics over a
range of PORYV inlet fluid conditions.

Prior to the experiment, the flow rate of th. primary system was 479.1 + 2.6
kg/sec under the pressure of 14.9 + 0.10 MPa. Temperatures at the hot leg and
the cold leg in the intact loop were 578.2 + 1.8 K and 5589 + 1.3 K,
respectively. The important initial conditions including pressure, temperature and
liquid level in the intact oop steam generator (SG) secondary side were listed in
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Table 1.

Experiment 1.9-1 was initiated by stopping the main feedwater pump. Due to
decrease in heat removal capacity of SG secondary side, the PCS pressure
increased and the pressurizer spray valve was open at its setpoint (15.338 MPa),
which was observed at 30.0 seconds after initiation of LOFA. As the magnitude
of the primary-secondary power mismatch grew, the PCS pressurization exceeded
the spray cooling, which caused a delayed scram, simulating a failure of the SG
low level trip, on the high pressure of hot leg (15.745 MPa) at 65.4 seconds.
Auxiliary feedwater was not activated in order to simulate nonavailability of
auxiliary feedwater. The main steam control valve (MSCV) started to close on the
scram signal and completed to close at 77.2 seconds. The primary system
pressure was decreased on reactor scram and then increased due to the decay heat
and the complete loss of heat sink in SG secondary, which caused the pressurizer
spray valve open and initiate cycling at 208.9 seconds to control PCS pressure.
The open/close setpoints of spray valve were 15.338 and 15.05 MPa, respectively.
Spray was allowed to cycle for 900 seconds approximately, whereupon it was
manually overriden, allowing PCS pressure to rise to the PORV actuation setpoint
(16.20 MPa) at 1468 seconds. Thereafter, the pressurizer came into the liquid-full
state. The PORV was allowed to cycle relieving single phase liquid primary
coolant as the PCS volume continued to heatup and expand at 1468 seconds. The
PORYV cycling was ended at the ime which the PCS hot leg temperature reached
597 K, 3270 seconds. At that time, the PCPs were deenergized, the PORV was
held open and the test 1.3-3 was initiated. The sequence of important events was
presented in Table 2.

/48 the PORYV latch open for 1580 seconds from the initiation of 1.3-3, the PCS
pressure dropped rapidly to saturation and the hot regions of the core and upper
plenum flashed. ECCS actuation was inhibited. The depressurization stabilized
while the upper plenum and upper head voided whereupon the hot leg stratified.
A< hot leg voided a higher quality fluid was convected up the surge line, and the
pressurizer liquid level receded as the cooler pressuizer fluid was entrained out
the PORV. A transition to higher quality PORV mass flow decreased fluid density

5.



flowing pressurizer relief line shortly after latching open PORV. This transition
resulted in a higher specific energy fluid being discharged out the PORV and
resulted in increased energy removal out the break. As break energy removal
exceeded decay heat addition, FCS pressure declined steadily. PCS pressure
stabilized as the PORV was closed. A steam generator refill was imitiated 265
seconds after the PORV-closure. PCS pressure dropped rapidly as the secondary
heat sink was restored. When the normal steam generator liquid level was
regained at 5746.4 seconds, the SG refill was completed and then a 966 seconds
equilibration period was observed to allow the primary and secondary to reach an
equilibrium. Subsequently, a secondary steam and makeup operation was initiated
at 6712.2 seconds to cool down the primary and recover plant. ECCS injection
was not provided throughout the experiment. The experiment was terminated as
PCS pressure reached 2.15 MPa. The major sequence was summarized in Table

-
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3. Code and Modeling Description

3.1 Code Description

RELAPS/MOD3 Cycle 5mS version released by USNRC was used in the
present assessment calculation of the test 19-1/1.3-3. The changed features from
the RELAPS/MOD2 were described in references [1, 2].

3.2 Input Modelling
The original RELAPS/MODI input data for simulating the LOFT system and
the sequence specific to the test L9-1/L.3-3 was received from INEL at January
1991. Based on the original RELAPS/MOD! input data, some modifications was
made during the assessment work. Major changes were as follows :
I. All geometric data except the U-tube heat transfer area and separator in the
intact loop SG remain unchanged.

9

Modeling options related to volume, junction, heat structure were properly

modified to work with RELAPS/MOD?3 [1].

3. The options, 'new transnt’ were changed to 'new stdy-st’ in order to re-
initialize the whole plant conditions under RELAPS/MOD3 models and
correlations.

4. For steady state run, three steady state control systems were added :

a. PCP speed controllers for controlling a intact loop mass flow rate,

b. a pressurizer heater controller and a pressurizer spray controller for
controlling the PCS pressure, and

¢. a main feedwater controller for controlling the S/G secondary side liquid
level.

5. For steady state run, the test specific trips were set not to be activated.

6. A new transient input data was developed with deleting steady state
controllers and changing the test specific trips to be activated.

7. The moderator density feedback table in a reactor kinetics input data was

appropriately changed from the original one, based on the reference [8].



In the present calculation, the LOFT system was discretized by 125 volumes, 135
junctions and 136 heat structures after implementing the items stated above.
Figure 2 shows a RELAPS nodalization diagram for simulating the test
1.9-1/1.3-3. Table 3 summarizes the nodalization and input modelling. A steady
state input deck and a transient input deck were provided in Appendice A and B.

31.2.1 Primary Coolant System Modelling

The PCS composed of an intact loop and a broken loop, the former included
a hot leg, a crossover leg, a pump suction tee, two PCPs and a cold leg. The
intact loop was modelled by 25 hydrodynamic volumes. All piping metal
structures exposed to environmental atmosphere were simulated by the heat
structure to consider the associated heat loss. An overall information for the all
heat structures was provided in table 4. The broken loop composed of a hot leg,
a SG-pump simulator, a reflood assist bypass system (RABS), a cold leg and
pipings front of the quick opening blowdown valves (QOBVs). The detailed
information can be found in Fig.2, table 3 and table 4. The volume and junction
modelling options were set with default options.

3.2.2 Reactor Vessel Modeling

The LOFT reactor vessel was modelled by a downcomer annulus, a lower
plenum, an active core, a core-bypass flow path, an upper plenum, an upper head
and a filler gap flow path. The filler gap flow path was especially modeled for
simulating an upward flow during a natual circulation phase. The active core, the
downcomer and the filler gap were modeled by 3 volumes, 6 volumes and 7
volumes stacked vertically, respectively. Totally 26 volumes and 50 heat stuctures
were used. The rod bundle interphase friction model option was selected for the
active core volumes. The fuel rods were modeled by 3 heat structures representing
the central fuel assembly and 3 heat structures representing the peripheral fuel
assemblies of LOFT core. The axial power shape was described according to the
reference[8). The reactor kinetics was used for simulating the moderator density
and doppler temperature feedback and a scram curve was provided, which was



used in the posttest calculation [8]. The ANS-79 model was used for a decay heat
simulation, which was changed from ANS-73 model in the posttest calculation [8].

3.2.3 Pressurizer Modeling

The pressurizer system was modeled by a surgeline, a pressurizer vessel, a
spray line from cold leg, a spray valve and a experiment PORV. Two volumes
for the surge line, nine volumes for the vessel and one volume for the spray line
were used, respectively. The spray valve and the PORV were simulated by two
trip valves. The associated trip logics were prepared according to the experimental
specification [6]. To consider the environmental heat loss from the pressurizer
vessel wall, the vessel wall was modeled by nine heat structures.

3.2.4 Steam Generator Modeling

The steam generator consisted of a SG inlet plenum, U-tubes, a outlet plenum,
a main feedwater tank and feed line, a auxiliary feedwater tank and feed line, a
feedwater inlet annulus, a SG secondary side downcomer, a boiler section, a
separator nlet annulus, a separator, a steam dome, a steamline, a MSCV, a
MSCV bypass flow path, a MSCV downstream piping and a air-cooled condenser.
The numbers of volumes used for each flow path were provided in Table 3 and
Fig.2. All of the SG metal wall and U-wbes were described by the proper heat
structures. The detailed description can be found in Table 4. The rod bundle
interphacial friction option was used for the volumes contacted with the U-tubes
heat structures (Volumes 515-4, -5, -6). The separator section in SG was modeled
by a branch component (Volume 520) and a SEPARATR component (Volume
500). The separator inlet junction was connected to the bottom of the volume 520,
as show in Fig.2.

The heat transfer area of U-tube heat structure in the intact loop SG generally
bas an impact on the initial conditions in SG secondary side. According to the
previous LOFT calculations using RELAPS/MOD2 [9, 10], the predicted pressure
in SG secondary side were generally underpredicted by 0.3-0.4 MPa. This
discrepancy was considered as a result of underestimation of heat transfer a, -



in the SG U-tube. In the present input data, an increase of heat transfer area by
110 ¢ of the original heat transfer area [8] was made. The whole listing of steady
state input data were provided in Appendix A.

3.2.5 Others

The emergency core cooling system (ECCS) in LOFT was also modeled,
however, it is not used in the transient calculation. Table 3, Fig 2 and Appendix
A provided a detailed information of it. And the containment was also modeled
by time-dependent volume with a constant pressure.

-10-



3.3 Initial and Boundary conditions

To provide all initial conditions of the whole system prior to transient, a steady
state run was carned out with three steady state controllers as stated above. The
result obtained from the steady state run was compared with the measured initial
conditions in Table 1. The RELAPS calculated results generally agree with the
experiment initial conditions.

Boundary conditions required to simulate the 1.9-1/1.3-3 experiment including
the pressures and temperatures at air-cooled condenser, makeup feed storage tank
and reactor core power history were almost the same as those used in the posttest
calculation [8]. The exact values can be found in the steady state input data.

Test specific sequence to be described are as follows: Main feedwater turned
off, Reactor scram, SG MSCV closure, Pressurizer spray valve open/closure,
Pressurizer PORV cycling, Pressurizer PORV latched open and closure, PCP
coastdown initiation, SG secondary refill initiation/completion, and SG secondary
bleed imtiation/completion.

All of the sequence were as the same as the original input data [8] and were
illustrated with some comments in the Figure 3-a through 3-g. The delay time in
the trip logic describing the SG refill initiation (Variable trip 561) was corrected
to "265 seconds’ after PORV closure according to the reference [5]. The whole
list of the transient input data was attached in Appendix B.

=11+



4. Calculation and Discussion

A transient calculation using the input modelings, imtial conditions and
boundary conditions stated above was conducted by RELAPS/MOD3 5m5 code.
The transient calculation was termunated at 8106 seconds due to water property
failure at the SG secondary side volume 515-06. Since the calculational result up
to 8100 seconds contains all of the important phenomena in the 1.9-1/L.3-3
experiment, any additional restart transient calculation was not executed. The
foregoing description was, therefore, based on the calculational result up to 8100
seconds. This chapter was devoted to address results from the transient
calculation, to compare them with the corresponded measurement data and to
identify the code predictability. Table 2 shows a comparison of the predicted
sequence of event with the measured chronology. The detailed discussion of the
comparison was provided in following sub-chapters. From the test description
above, it is shown that the full period of the LOFT 1.9-1/L.3-3 experiment can be
divided into four distinguishable sub-phases according to the TH characteristics
as follows;

1) Initial heatup phase before spray cycling,

2) Spray and PORV cycling phase until PORV latched open,

3) Blowdown phase until PORV closure, and

4) Recovery phase

The following discussions contain the prediction and its comparison for the
important thermal-hydraulic phenomena during these four period, respectively.
Table S summarizes the comparison plots and their data channels.

The measurement uncertainties for each parameter were also listed in this table,
which were from the reference [5].
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4.1 Ininal Heatup Phase

Figure 4 shows a comparison of the pressure at the intact loop hot leg in PCS
with the measured data up to 300 seconds after the test initiation. Fig.5 shows a
comparison of the coolant temperature at the intact loop hot leg with the measured
data for the same period as in Fig.4. Due to LOFA the heat removal capacity in
SG secondary side was degraded, the PCS pressure and temperature was
increased. These figures show good agreements between the calculation and the
experiment before reactor scram. The calculated reactor scram time (55.8
seconds) was earlier than the experiment (65.4 seconds). This discrepancy may
come from a code uncertainty in predicting the mass flow rate through the spray
valve and the associated conuensation phenomena in the pressurizer. For an
illustration of it, the calculation shows the PCS presure was still increased inspite
of the second spray actuation at 50 seconds approximately, while the experiment
indicated the PCS pressure was slightly decreased at the almost same time and
then re-increased. It can be also identified in the first activation of spray (30
seconds), in which the predicted slope of pressure decrease was slower than the
predicted one. The underprediction of pressure and temperature after scram was
due to the difference in scram time. Figure 6 shows a comparison of the
calculated reactor power with the power measured by a neutron detector and with
the decay heat reported in reference [5]. The difference in power during time
period from 56 to 65 seconds lowered the PCS pressure below 14 MPa and
delayed a pressure re-increase until 170 seconds, i.e, an excessive post-scram
cooling. This discrepancy also delayed the spray valve activation time until 315
seconds, which was later than the experiment, 208 seconds.

Figures 7 and 8 show comparisons of the pressure and temperature in the SG
steam dome and the top of the boiler section with the measured data, respectively.
Before the reactor scram the predicted behavior was agreed to the measured one.
Due to earlier scram in calculation, the starting time and completion time of
MSCV closure predicted by RELAPS/MOD3 were earlier than those in
experiment as shown in Table 2. According to the experiment, just after a LOFA,
the SCS pressure and temperature were both increased from saturated state until
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the complete dryout, and then decreased until the MSCV began to reduce the
dischaging steam flow on the response to the reactor scram. This reduction yields
a decrease in heat rejection from the SCS, therefore, the SCS pressure and
temperature were re-increased. Afterwards, the TH behavior of the SCS was
dependent on the energy balance between the heat-rejection due to the MSCV
leakage flow and the heat addition from the PCS generaied by core decay heat.
The result from the RELAPS/MOD3 calculation generally shows these TH
behavior well, however, shows an overprediction in SCS pressure and temperature
after scram. It must due to a difference in the scram time. Inspite of this
difference, the slope of increase in pressure after scram was almost the same as
that in the experiment. Figure 9 shows a comparison of the collapsed liquid level
with the measured data, which indicated a complete dryout in SG secondary side
at 60 seconds after a LOFA, approximately and a good agreement between the
calculation and the experiment. Figure 10 shows a comparison of the mass flow
rate through MSCV . From these comparisons, it, therefore, can be stated that the
consequent behavior after scram can be well-predicted if the scram time was
correctly predicted.

-14-



4.2 Spray and PORV Cycling Phase

Figures 11 and 12 show comparisons of the pressure and temperature at the
ntact loop hot leg in PCS up to 10000 seconds. The starting time of the spray
valve cycling predicted was, as previously mentioned, later than the that
measured. The predicted duration of spray cycling was about 1055 seconds (=
1370 - 315), which was similar to the measured duration, 1037 seconds (= 1246
- 209). The slope of temperature increase, i.e, heatup rate was larger than the
experiment, however, a saw-tooth behavior in pressure was well predicted during
the spray cycling period. One of the reasons of higher heatup rate was also
considered as an uncertainty in the spray mass flow rate.

The predicted starting time of PORV cycling was 1795 seconds and also later
than the experiment, 1468 seconds. The duration of PORV cycling was about
1390 seconds (= 3185 - 1795) in calculation, which was shorter than the
experiment, 1802 seconds (= 3270 - 1468). The heatup rate during the PORV
cycling phase was almost same as the experiment. The cycling phase was ended
at 3185 sec in calculation. During the spray and PORV cycling period the major
contributor to the PCS heatup was considered as the core decay heat and the heat
provided by PCP’s.

Figures 13 and 14 show comparisons of the pressure and temperature at the
same position as in Figures 7 and 8 up to 10000 seconds, respectively. The
predicted pressure was monotonously decreased during the spray and PORV
cycling phase, which was, however, higher than the experiment throughtout the
cycling phase. It was due to a difference in scram time, but the slope of pressure
decrease was well agreed to the experiment. The secondary coolant temperature
was also overpredicted as shown in Fig, 14,

-15-



4.3 Blowdown Phase

After the PCS hot leg temperature reached 597 K, the PORV was held open for
the consequent 1580 seconds. During this period the primary coolant was
discharged through the PORV, which caused a rapid depressurization until the
onset time of saturation in PCS. As shown in Fig.11, the calculated pressure drop
was almost same as the experiment until the PCS saturation. After the saturation,
the calculation shows that the PCS pressure was almost constant until the PORV
closure time (4769 seconds), which was quite different from the experiment. The
difference in the pressurizer liquid level can be regarded as one reason for the
pressure increase during the saturated blowdown period as shown in Fig.15. The
calculated liquid level in the pressurizer was almost constant until the SG refill
initiation, while the measured level was slowly decreased from the PORV open
time. It is also shown that the high heatup rate during the spray cycling period
yielded an overprediction in the pressurizer liquid level swell and in the PCS
pressure. The over-estimated liquid level also contributed to the overprediction of
mass flow rate through the PORV during the two-phase blowdown phase as
shown Fig.16.

During the same period, the PCS temperature was aiso overpredicted, which
indicated that the insufficient energy convected out the PORV. According to the
reference [8], the effective flow area of PORV was correctly chosen, the reason
for the insufficient energy discharged out the PORV, therefore, was a code
naccuracy in calculating the fluid density convected from the hot leg to the
pressurizer surge line under the hot leg stratified. As shown in Fig.17, the
measured fluid density at the intact loop hot leg was different from the calculated
one from 3500 seconds, approximately. The experiment indicated that the intact
loop hot leg was stratified shortly sfter holding open PORV, that a higher quality
fulid was convected out the break as pressurizer level receded and that the hot leg
fluid density significantly decreased. However, RELAPS/MOD3 predicted this
phenomena inaccurately, which due to a code weakness in calculating the junction
density under the stratified condition,

During the blowdown period, the SCS experienced the similar depressurization

-16-
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4 4 Recovery Phase

After 265 seconds from the closure of PORV, the SG secondary side refill was
initiated through the auxiliary feedwater line. The predicted hot leg pressure and
temperature were rapidly decreased during the secondary refill period as shown
in Figures 11 and 12. However, the magnitudes of drops in pressure and
temperature were overpredicted. One of the reason for this overprediction was
considered as an difference in the refill duration (1085 seconds in calculation
versus 622 seconds in experiment). It is also shown in Fig.17, which presents a
comparison of the SG liquid level in long term. The calculated liquid level
indicated no jump which was found in the experiment and the predicted refill
duration was longer than the experiment. Since the refill duration was strongly
dependent on the SG secondary side liquid level, the inaccuracy of the level
prediction may extend the refill duration, consequently increase the cooling effect.
The major contributor to thein accuracy of level prediction was a void distribution
calculated by the code.

After restoring the SCS heat removal capacity, the predicted SCS pressure was
increased more rapidly and the predicted peak pressure was higher than the
experiment as shown in Fig.13. During the same period the predicted temperature
at SG secondary side moved down as shown in Fig.14, which indicates the return
from the superheated steam to the saturated state in SG secondary side at 5200
seconds, approximately. The reason for the overprediction of pressure was
considered as a propagation from the previous phase. The descending behavior in
pressure after saturation was almost similar to the experiment.

During the equilibration period of 966 seconds after the SG refill completion
(6119 seconds in prediction), the PCS pressure and temperature were slightly
increased. The calculation shows that the SG feed and bleed operaton was
initiated at 7085 seconds, that the PCS pressure and temperature were both
decreased in stepwise manner and that the magnitudes of drops in the pressure and
temperature were larger than those measured. It due to the continual feed
operation from the auxiliary feedwater valve, which was different from the
continous feed operation in the experiment. Since the feed operation is also

-18-



strongly dependent on the SG secondary side liquid level, the reason for this
larger drops than the experiment can be regarded as the inaccuracy of the SG
secondary void distribution.



S. Rua Statistics

The main frame computer used in the present calculation was a CRAY-2S in
System Engineering Research Institute(SERI) in Taejon, Korea under UNICOS
as a operating system. Figure 19 presents the plot of the required CPU time for
the transient time in the calculation. And the time step size are also plotted in
Fig.20. The user-specified maximum tme step was 1.0 second up to 1000
seconds, 0.1 second up to 2000 seconds, 0.5 second up to 4000 seconds, 0.1
second up to 8000 seconds and 0.5 second up to 10000 seconds in real ume. The
grind time can be calculated as follows.

Computer time, CPU = 7981.4 - 1 9181 = 7979.48 (sec)
Number of ime step, DT = 89332 - 220 = 89112

Number of volume, C = 125

Transient real time, RT = B100 (sec)

Grind ime = CPU x 1000/ (C * DT ) = 0.71635 CPU m sec/vol/step




6. Conclusions

The RELAPS/MOD3 5m5 code was assessed using the test 19 [/L3-3

simulating a LOFA with multiple failures and the consequentially-induced LOCA.
The full period of the test was divided into four sub-periods according to the
thermal-hydraulic characteristics ; the initial heatup phase, the spray and PORV
cycling phase, the blowdown phase and the recovery phase. The calculation
results were compared with the measured data and the evaluation of the code
predictability for this type of transient was conducted. The following conclusions
are obtained.

1)

3)

4)

5)

RELAP5/MOD3 code calculation was successfully executed for the 1.9-1/1.3-3
test and the code applicability to an anticipated transient with multiple failures
in PWR was demonstrated.

From the fact that the result from the calculation generally shows a good
agreement with the experiment data, the overall predictability of the
RELAPS/MOD3 was identified and the minor discrepancies were also
identified.

In the initial heatup phase, the predicted scram time was earlier than the
experiment due to a code uncertainty in predicting the spray mass flow rate
and the associated condensation phenomena in pressurizer, which caused an
excessive heatup rate in the spray cycling phase.

In the blowdown phase, the overprediction of PORV-discharged flow was
found under the over-estimated pressurizer level, which may come from the
excessive heatup in the previous phase. And a code inaccuracy was found in
calculating the junction fluid density at the hot leg to the pressurizer surge
line under the stratified condition,

In the recovery phase, an excessive cooling was predicted both in the steam
generator secondary refill phase and in the secondary feed and bleed operation
phase due to a poor prediction on void distribution in the SG secondary side.
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Table 1. Imitial conditions for 1L.9-1/1L.3-3

. Paramete. ~Measured Simulated
Primary ' “oolant System
Mass flow rate (kg/s) 479.1 + 2.6 479.34
Hot leg nressure (MPa) 14.9 4+ 0.10 14.8905
Cold leg temperature (K) 5589 + 1.3 559.132
Hot leg temperature (K) $78.2 + 1.8 578.327
Reactor
Power level (MW) 496 + 0.9 49.6
Maximum linear heat 508 + 3.6 50.8

generation rate (kW/m)

Steam Generator Secondary Side

Water level (m) 0.14 + 0.08 0.1475
Water temperature (K) 545.0 + 0.8 542.377
Pressure (MPa) 567 + 0.08 3. 72
Mass flow rate (kg/s) 270+ 1.0 26.728
Broken Loop
Hot leg temperature (K) 5633 + 2.6 559.137
Cold leg temperature (K) 557.6 + 2.6 558.381
Pressurizer
Steam Volume (m®) 0.43 + 0.05
Liguid volume (m?) 0.50 + 0.05 e
Water temperature (K) 6i49 + 1.3 610.4
Pressure (MPa) 1493 + 0.25 14,901

Liguid level (m) 0.92 + 0.1 0.96




Table 2. Sequence of events in L.9-1/1.3-3

SRR . O

L2
Main feedwater pump off

Pressurizer spray activated

Reactor scram (15.67 MPa)
lSCRAM

Steam generator main steam
control valve closed

Steam generator liguid level
reached bottom of range

Pressurizer spray valve
cycling initiated

Pressurizer liguid level
reached top of the range

Pressurizer spray valve
cycling ended

PORV cycling initiated

K]
PORY latched open “LATCH)

PCPs tripped off

P > 15.338*

Py > 15.745
TIL“L > 583.16*

tscram + delay*

Ls,G = 025 m

Poge > 15.338

L

l‘tw 1.83 m
P. > 162

P, > 162

Ty > 597

T > 597

Measured _Calculated

(sec)
0.0
300 £ 0.1

654 + 0.2

77.2 £ 0.2

190 + 20

2089 + 0.1

1089.7 + 30

1246.0 + 0.1

1467.9 £ 0.1

32699 £+ 0.1

32848 + 0.2

(sec)
0.0
28.94

55.8

69.0

82.0

315.0

1840.0

1370.0

1795.0

3189.0

3189.0

24-



l1,
i

{continued)

R -

PCP coastdown completed

Upper plenum fluid reached
saturation pressure

PORYV closed (tpory.crosp)
Steam generator secondary
refill initiated

Natural circulation initiated

Steam generator secondary
refill completed (tggr.com)

Pressurizer liquid level
reached bottom of the range

Steam generator secondary
feed and bleed initiated

Experiment completed

(sec) (sec)
3304.2 4+ 0.8 32200

3329.4 + 0.2 3270.0

o nan + i S114.6 + 0.2 5034.0
5205 + 10 -
Ly = 2.9464 5746.4 + 0.2 6119.0
Lpu = (.06 5915 + 5 5460.0
teercon + 966 67122 + 0.2 78222
95174 + 0.2 -

Note -- : not predicted

* o MPa in pressure, K in temperature, and m in level
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heat structure

Ambi¢




_No

2110
2120
2200

2250

2260

2300
2400
2460

2500

2510

2501

2550

3150
3151

(continued)

3

5

11

7

11

11

10

21

11
11

Reactor Vessel Wall (Mid-Part)

Reactor Vessel Wall (Lower-Part)

Reactor Vesse! Bottom Wall

Core Flow Skirt-Core Filler
Assembly

Lower Core Support Structure,
Core Support Barrel Lips,
Fuel Module Lower End Box
Active Core

Upper Core Support Stucture
Fuel Moduie Top

Core Support Barrel-Upper
Plenum Lower Volume

Upper Pienum Internals

Core Support Barrel-Upper
Plenum Upper part

Upper Head Top Plate

Broken Loop S/G Simulator 1
Broken Loop S/G Simulator 2

.28

Left Bn.
223-1:3
223-3.7
220

225,
230-1:3,
240, 245,
246

225

230-1:3
240
245

250

250

250

250

315-1:2
315-9

Right Bn.
Ambient
Ambient
Ambient

Insulated

Insulated

Kinetics
Insulated
246

Insulated

Insulated

Insulated

Ambient

Ambient
Ambient



3152
3153
3154
3155

3000

2250

3501
3502

3700
4151
4152
4162
4172

4201

5000

5150

5300

111
6 11
1 11
L1l

[
7 11
111

(continued)

Broken Loop S/G Simulator 3
Broken Loop S/G Simulator 4
Broken Loop $/G Simulator 5
Broken Loop S/G Simulator 6

Broken Loop Hot Leg

Broken Loop Cold Leg

Broken Loop Cold Leg
Broken Loop Cold Leg

Reflood Assist Bypass Piping
Pressurizer Vessel Bottom
Pressurizer Vessel (Large Dia.)
Pressurizer Vessel (Small Dia.)
Pressurizer Backup Heater

Pressurizer Top Wall

S/G Shroud Upper Part

S/G Shroud Lower Part

S/G Secondary Vessel Wall

Left Bn,

315-11
315-3:8
315-12
315-10

300, 305
310

335, 340,
345

350-1
350-2

370, 375,
380, 385

415-1
415-2:7
415-8
415-2
420

500, 505,
510-1

510-1:4

530-1, 525
500, 505
510,
515-1:3

Right Bn.

Ambient
Ambient
Ambient
Ambient

Ambient

Ambient

Ambient
Ambient

Ambient
Ambient
Ambient
Ambient
Table417/8

Ambient

520,
515-R.7

515-7:4

Ambient




Table 5. Summary of data channels and uncertainties in comparison plots

e Caloulat

1. Pressure at ILHL p 100-01

2

. Coolant temperature  tempf-100-01
at ILHL

3. Reactor power rktpow-0

4. Pressure at SG steam p 530-02
steam dome

5. Coolant temperature  tempg 515-06
at SG secondary

6. Liquid level at entrivar-1
SG secondary
7. Mass flow rate mflowj-550

downstream MSCV

8. Liquid level at cntrivar-2
pressurizer

9. Mass flow rate mflowj-425
through PORV

10.Fluid density at the  rho-100
intact loop hot leg

PE-PC-005 0.28 MPa

TE-PC-02B 30K

RE-T-77-A 2.0 MW

PE-SGS-01 0.12 MPa

TE-SGS-04 30K

LT-PO04-088 0.08 m

FT-P004-012 0.8 kg/s

LE-PdEP139-6 0.06 m

FR-PC-8231 0.2 kg/s

DE-PC-02C 0.17 Mg/m3

4, 11

5, 12

7,13

9,18

10

15

16

Note * : Measurement uncertainty referred to the reference (5]
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(574)
P420 > 15.33874

(575)
P420 < 15.05

AND

pos b

(551)
Time > Time(625)
(L)

—

oY r

62

e Pressurizer
Spray Valve
Open

690

.

Spray Valve Close
during PORV Cycling
and PORV Latch Open

Pressurizer PORV Open Signal

Fig.3-a. Pressurizer spray valve control trip

(570}
P420 > 16.20058

i d 621

AND

(571)
P420 < 16.06269

622

S,

(509)
Tempf = 597 (L)

(552)
Time > Time(509)
+ 1580 (L)

624

-]

PORV Close signal

PORV Cycling
623 .

625 | — Pressurizer

PORY Open

PORV Tatch Cpen/Close

Fig.3-b. Pressurizer PORV control trip
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Time > 0.0 (L) p—
(540) OR p—-656 |-——— Makeup Feed Storage
Tf(ILKL) >583.16 e Tank Boundary Condtion
(L) Turning on
OR +—~609 p—-
(541)
P100 < 15.74553 p——
(L)

Fig.3-c. Makeup feed storage tank boundary condition trip
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Time> Time(552) s Signal
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Fig.3-d MSCV byapass valve control trip
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—~—s Steam Control

Valve Open Start

-~ 616

i
Steam Control
Valve Close
Start

il
612
(520) R | A
P(SGhome) > ot ks 610}
7.1034486 WPa
AND b 612
fﬁ?ééx)me gt 4 611 J
) £ —t - -
7.0334486 MPa |  AND -
616
|
1
(522) !
P(SGDome) > -
6.3448275 MPa
AND b= 614 F——o
(523) |
P(SGDome) < s 4613 }--
6.4137931 NP OR 1
" AND
616
1
T
(540)
TF(ILHL) »583.16 F—
OR -4 609 +—
(541)
P100 ¢ 15.74553 +— MD f=rd 615 b orrmrd
612 F-
.
T

Fig.3-¢ MSCV open/close control trip

T L e b



(540)
TE(ILHL) >583.16

o .

T

_; (541)

~——s Reactor Scram

P100 < 15.74553

T

-

Fig.3-f  Reactor scram trip

i
(573) - 608
P420 >15.0698MPa T -
ﬂ ANDl |
- s [ ¢ 1§ J e SS— — 607 =
(572) s |
P420 <14.863 MPa - OR 608 ;
- ]
AND -~ 605 F- ‘ i l
(509) » ’ . :
Tempf = 597 (1) = Pressurizer
Cycling Heater On .
|
(509) r
Tf 1002 597 (L) s
AND e |
et o —
(576) ]
P420 <14.82858MP }— -~ :
“ OR -+ 629
AND =+ 627 t- 1 —1
(577) L—---—-J AND - 628 Backup Heater
P420 »14.9595 WP | - Power On :
629 ’.
1 i
t }

Fig.3-g Pressurizer heater control trip |
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590

570

Temperature, K

Fig.5

— RELAPS/MO03, tempf100
-~ Experiment, TE-PC-02

150 200 250

Time, sec

300

Comparison of coolant temperature at the intact loop hot leg

{short term!}
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_[p-

Pressure, MPa

10

8.0

8.0

3.0

2‘0

1 L i ' & 1

— RELAPS5/M0D3, p530-2
-- Experiment, PE-SGS-01

Fig.7

50 100 150 200 250 300

Time, sec

Comparison of pressure at SG steam dome (short term)




_zv_

Temperature, K

610

590 L

570 L

— RELAPS5/MOD3, tempg 515-06
-- Experiment, TE-SGS-04

510 L - S i NI PSS —
0 50 100 150 200 250 300
Time, sec

Fig.8

Comparison of coolant temperature at SG secondary side {short term)
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Mass Flow Rate, kg/s

Fig.10

— RELAPS5/MOD3, mflow] 550
-- Experiment, FT-P04-012

""""" :f::jjiijf":*""'I"“""""("""
150 200 250 300
Time, sec

Comparison of mass flow rate through MSCV (short term)
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Mass Flow Rate, kg/s
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Fig.16

— RELAPS/MOD3, mflow] 425
-- Experiment, FR-PC-S231
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— RELAPS/MOD3, rho 100
-- Experiment, DE-PC-02C

Comparisen of fluid density at intact loop hot leg (long term)
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Appendix A Tapui Deck for Steady State Calculation
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* peak centerline lemperatures ¢

PRI T R R e e R R R R e A R Rl )
0000374  bttemp 230000101
0000375  httemnp 230000201 * core middle region
0000376 hitemp 230000301 * core upper region
ARAARRNEN AR RN RREN R R R R AR R AR N RN R RI RV EIER R UNINARNIRTY
* reactor kinetic

RN RSN AN RN A AR N R AT AR RN AN R NN NI AR RN RANERY

* core lower region

0000377 rktpow O * ol reactor power
0000378 rkfipow 0O * fission decay power
0000379 rkgapow 0 * gamma decay power
0000380 tkreae O * reactivity

0000381 pmphead 135 * pepl head
0000382 pmphead 165 * pep2 head
0000384 cntrlvar 2 * par level

0000385 cotrivar 3 * rx vessel level
0000386 mflowj 185010000

0000387 mflowj 185030000

00003828 mflowj 200020000

0000389 pmpvel 135

0000390 pmpvel 165

1 i s i s T R R R R R R

L ]

¥ trips

.

S RA AR AN AR AR AN NS PN A R R AR AN R AR I N R A AP N ARENNRARRB AN
¥ variable trips
'l!’l“.l.‘...‘l‘l’lll.lllt"il"ltlll“‘l.lllll"‘!.
0000501 p 100010000 le null O 14.193103¢6 |
» ece check valve
0000502 p 600010000 ge p
e accumulator check vaive

185010000 20 66 n

0000503 p 615010000 ge p 185010000 20.¢6 o
b 1solation valve hot leg

0000504 time 0 it null © 0.0 1

. isulation valve cold leg

0000505 ume O it null 0 0.0 1

- qobv hot leg

0000506 time 0 It null O 00 |

» qobv cold leg

0000507 time O it null 0 0.0 |

» check valve surge line pressurizer

0000508 tme O ge null 0 0.0 1

¢ pressurizer relief valve

0000509  tempf 100010000 ge null O §97.0 |
. steam control valve

0000510 time O R oaull O 00 |

~ boundary system valve

000051) time O it nuil O 0.0 1

» Ipis trip

Q000512 time O ge null 0O 10000.0 1

\ hpis trip

0000513 time © ge null O 10000 0 1

»

0000520 p 530020000 gt null 0O 7.103448¢6 n
0000521 p 530020000 It null O 7.0344827e6 n

-A

0000522 p 530020000 gt onull O 6.3448275¢6 n
0000523 p $30020000 It null © 6.413793166 0
G00530 time 0O ge null O 3600.0 n
0000531 p 530020000 gt p 547010000 0.0 0
0000536 ume O ge null O 100000 n
0000540 tempf 100010000 gt null O 583.16 |
0000541 p 100010000 gt oull O 1.574553¢7 |
0000550 time O ge null O 100000 |
0000551 time O ge timeof 625 0.0 |
0000552 time © ge timeof 509 1580. I
0000560 p 100010000 le null O 13.15862¢6 n
0000561 time O go umeof 552 265.0 1
0000562 time O @ ooull O 5400.0 n
0000563 cotrlvar 1 It null © 2.1844 n
0000564 cotrivar | gt ool O 2.9464 n
0000565 time O ge timeof 669 966. 1
0000570 p 420010000 gt oull O 1.620058¢7 n
0000571 p 420010000 It aull 0 1.6062697 n
0000572 p 420010000 it null 0O 1 486300¢7 0
0000573 p 420010000 gt nuil O 1.506980¢7 n
0000574 p 420010000 gt null O 1.533874¢7 n
0000575 p 420010000 It oull O 1.505000¢7 n
0000576 p 420010000 it null © 1.482853¢7 n
0000577 p 420010000 gt null O 1.495950e7 n
AN EEA R AR RANE AR RS E NN ENE RIS RN REAIRNTREETRNNNS
* logical trips
AN AL N R RS E PRSI SRR N AN EAS AN IS AR RN RTARNAS LIRSS
0000600 670
0000601 563 and 361
0000602 -563 and 564
0000603 655 and 602
0000604 609 or 609 !
0000605 572 and -509 6
0000606 572 and -573 f
Q000607 608 and 606 n
0000608 605 or 607 n

|

0000609 540 or 541

*  modification for steady state run af 91/2/8

0000609 504 or 504 1
0000610 612 or 520 n
0000611 -521 and 616 n
0000612 611 and 610 n
0000613 616 or 523 o
0000614 522 and 613 n
0000615 -612 and 609 n
0000616 615 and 614 n
0000617 612 or 616 n
Q000618 605 or 07 n
000621 623 or 570 n
0000622 -571 and 571 n
0000623 621 and 622 n
0000624 509 and 552 n
0000625 623 or 624 n
0000626 576 and -509 n
>

P A



0000627 -576 and 577 n
0000628 629 and 627 n
0000629 626 or 28 n
0000635 S04 and 504 n
0000636 509 and -536 u
0000650 652 and 550 n
0000651 650 ot 652 n
0000652 509 and 651 n
0000655 601 or 603 n
0OO0656 508 or 609 n
0000659 561 or 562 0
0000660 S04 or 504 n
0000669 56i and 564 1
0000670 565 and 655 n
0000680 530 or 530 n
0000688 690 or 574 n
0000689 -575 and 551 n
0000690 688 and 689 n

“'l‘."l'.ltltlt‘lllll‘lt‘l'llltl‘!ttllltttlltll.'lt
*

o intact loop

v
l.l.!tll!“ittlt‘.tl.lttllll.’t!!lll.lltll!.la"tlll
reactor vessel nozzle - intact loop hot leg
l.'l"t‘ltt’.!‘ll“lll.l.tll’ll‘lttll'lll'l‘lttllti
1000000  rvnilhl branch

1000001 2 0

1000101 0.0634 15373 00 0.0 0.0 0.0
1000102 4.0e-5 00 00000

1000200 0 14901000. 1346300 .0 2462060.0 0.0
1001101 250000000 100000000 0.0634 00 0.0 ©GO0I00
1002101 100010000 105000000 0.0 0.05 0.05 000100
1001201 10.582000 11.005000 0.0

1002201 10.582000 10.625000 0.0

t.‘.‘.’l"lll.'lt.‘.lll“.'tll'IIIICO‘.‘.'I.'II!.'I

* pressurizer connection tee reactor vessel side
"l.l"".‘l..l‘ll"tl.‘l"lll!l‘ltllllﬂ""!l!.l"
1050000  partrys branch

1050001 1 0

1050101 00634 1,634 0.0 0.0 0.0 00
1050102 4.06e5 00 00000

1050200 0 1489610. 1346300 24621900 0.0
1051101 105010000 11000000000 005 005 000100
1055201 13,795000 13.974000 0.0

l'llll‘.“l‘ﬂtl‘l.‘.‘.""tl.'ll‘l.ll“‘l'll't.l"l

* steam generator inlet piping
l'll‘ll.lltlt'ttl.'llll.ﬂttt.ltl.ll‘t!lltllll‘lll.l
1100000  sginlp branch

1100001 | 0

1100101 0.0 0.623 00303 o0 0.0 0.0
100102 40e5 00 00000

1100200 © 14857200, 1346340, 24629400.0 .0000000
101101 110010000 11500000000 0.1 0.1 000100
1101201 13.801000 13 692000 0.0

.IIl.".‘Ill.llI.l.‘l...ltllll“lll’!l‘ll"l!.""'

* steam generator plus piping

-A3-

.l‘llll‘lll..l.lll.!t'.!'ll..ll‘l.’il..‘.!t‘t."‘.t
1150000  sgppip pipe
1150001 13

1150101 0.0 K}

1150102 0.151 9

1150103 0.0 12

1150104 0.0634 13
1150201 0.0 1

1150202 00512 2

1150203 0.0 9

1150204 0.0812 10
1150205 0.0 12

1150301 1.4385 1

1150302 0.708 2

1150303 0.63 3

1150304 1.067 5

1150305 0.45 7

1150306 1.067 @

1150307 0.63 10

1150308 0547 11

1150309 0689 12

1150310 0.559 13

1150401 0.09 1

1150402 0.057 2

1150403 0335 3

1150404 0.0 9

1150405 0.335 10
1150406 0.0437 11

1150407 00462 12
1150408 0.0 13

1150501 0.0 13

1150601 0.0 1

1150602 %00 6

1150603 -90.0 13

1150701 0.0 1

1150702 0246 2

1150703 0513 3

1150704 1.067 §

1150705 0.2865 6

1150706 -0.2865 7

1150707 -1.067 9

1150708 -0.513 10

1150709 0,498 |1

50710 0.649 12

1150711 0356 13

1150801 4.0e-5 0.0 4
1150802 4.0e-5 00102 3
1150803 1.0e-5 00103 9
1150804 4.0e5 00102 10
1150805 4.0e-5 00 13
1150901 0.15 0.15 !
1150902 0.05 0.05 2
1150903 0.0 0.0
1150904 0.1 0.1
1150905 0.2 0.2
1150906 0.1 0.1

~ 3w e



1150907 0.0 0.0 9
1150908 0.05 0.05 I
1150909 0] 0.1 12
1151001 00000 13
1151101 000100 3

1151102 000000 §
1151103 000100 12

1151201 © 14871600 1346350 24627100 0.0 0.001
1151202 © 14877200, 1346350 24626000 0.0 0002
1151203 © 14793300 1346370, 24643400 0.0 0003
1151204 © 14770000, 1321980 24648400 0.0 0.0 04
1151205 0 14746400, 1301720 24653400 00 0.005
1151206 0 14729700, 1283950 2465690.0 0.0 0.0 06
1151207 © 14721700, 1268380, 2465870.0 0.0 0.007
1151208 0 14715000, 1254890, 24660200 0.0 0.0 08
1151209 O 14707300. 1242570, 2466180.0 0.0 0.0 09
1151210 © 14707600 1242600 24661800 0.0 0.0 10
1151211 © 14631100, 1242600, 24677200 0.0 0011
1151212 © 14621800, 1242600. 2467980.0 0.0 00 12
1151213 0 14616700, 1242600, 2468100.0 0.0 0.0 13
1151300 ©

1151301 10.728000 10.670000 0.0 01
1151302 8.2370000 8 4284000 0.0 02
1151303 44456000 4 7693000 0.0 03
1151304 4 3865000 4 2164000 G.O 04
1151305  4.3407000 4.6700000 0.0 05
1151306 4.3009000 4.6296000 0.0 06
1151307  4.2676000 4 5954000 0.0 07
1151308  4.2398000 4.5671000 0.0 08
1151309 4.2249000 4.5338000 0.0 09
1151310 7,9665000 8 1922000 0.0 10
1151311 9.4925000 9.9460000 0.0 11
1151312 10.040000 10 505000 0.0 12

FEEERAN SN RN AR AT F AR E R RN RS A RRRAR RN R AR AT NSRRI
*

. pump data

.

EREREZ AR R R AN AN AR AANNINAANRAR RIS RNINIRRRTIERAS
* pump suction tee

Sl it e R R R R R R R R R R
1200000  pmpsett branch

1200001 3 0

1200101 0.0634 0.76 00 00 00 0.0
1200102 4.0e5 00 00000

1200200 0 14613100, 1242600 2468180.0 0.0
1201101 115010000 120000000 0.0 0.1 0.1 000000
1202101 120010000 12500000000317 0.2 0.2 000100
1203101 120010000 155000000 0.0317 0.2 0.2 000100
1201201 10.040000 10.505000 0.0

1202201 5.2077000 5.2983000 0.0

1203201 5.2071000 5 2944000 0.0

L e R R e R e R R R R R R e e

* pump suction tee outiet

AEERAR RN PR AR AR AN N AL F AR RN RN RA AR ARG RN EFASRERRD
1250000  pmp Isctt branch

1250001 2 0

1250101 0.0 1.003 00613 00 900 0.521
1250102 4.0e-5 00 00000

1250200 © 14600300, 1242600 24681800 0.0
1251101 125010000 130000000 0.0 0.1 0.1 000100
1252101 125000000 155000000 0.0 00 00 000100
1251201 7.8711000 8.2528000 0.0

1252201 -.11855000 - 13539000 0.0

BENEARAAAA T ARSI E R A RE RN NAR RN ANR R ES AR A RN CRRRARNREY
* pump | inlet
FASEARSAEIRAR AR AN BRRNEIRRAAARANIRIANAILIRAS R ENRENAS
1300000  pmp lalet sngivol

1300101 0.0 0457 00189 00 200 0457
1300102 4.0e5 00 00000

1300200 0 14578200, 1242600, 24689%00.0 0.0

R e e R e R e L e Lt

* primary coolast pumy |
EEFEASEIEASENRF RN I ARREAINIENENRSANASREERU LRI NS RN ERS
1350000 pepumpl pump

1350101 0.0366 0.0 009 00 00 0319
1350102 00000

1350108 130010000 0.0 0.0 00 000100
1350109 140000000 0.0 005 005 0001M
1350200 © 14818100. 1242890, 24639000 0.0
1350201 © §.8943000 9.2942000 0.0

1350202 © §.8928000 8.1177000 0.0

*1350301 0 ©0 0 -1 0 509 0

*  modification for steady state run at 91/2/8
* . svws neseea

1350301 0 0 © -1 -1 504 0
1350302 369.00 90178860 .31550 96,00 500.600 1.4310000
1350303 6136 00 207.0000 0.00400 19.598000 0.0
1350310 0.0 0.0 00

L
ll.l.'i'tll.lll!l.ll"ltl.tltllllltt.ltlll!.'.‘.‘t‘
* single phase head curves
'l!l.lllll“‘t'l!lllllt!'l""t"ll'l'llt‘ll'.l"l)

* head curve no. |

* 1

1351100 1§ 1

1351101 0.000000¢ +00 1.403600¢ +00
1351102  1.906100e-01 1.363600¢ +00
1351103 3 .8%6300e-01 1.318600¢ +00
1351104  5.939600¢-01 1.232800¢ +00
1351105  7.902000¢-01 1.133600e +00
1351106 1 000000 +00 1.000000¢ 400

| VRIS PRRS—S, B, ) RSN - anes | Goes ..-.]-.--
* head curve no. 2

L e et e )
1351200 1 2

1351201 0 000000 +00 -6.700000e 0 |
1351202 2.000000e-01 -5.000000e-01

1351203  4.000000¢-01 -2.500000e-01

1351204 5 755400e-01 0.000000e +00
1351205 7.443200e-01 2.583000e-01

1351206  7.734800e-01 3.778000¢-01

-Ad-



1351207 8.631300e-01 6.326000¢-0 |

1351208  1.000000¢ +(0 1 000000 + 00

Dot SpsnihrbrTatait] s - hiai ] Suion BOrw Dbtin S faters. wiontl o
* head curve no. 3

R Sy R, .,.AI.._. PRNRRY PRITHRSpR | ) F . B
1351300 1 3

1351301 -1 .000000¢ +00 2 472200 +00
1351302 -8.057400e.01 2.047400e +00
1351303 -6.069000e-0 1 1 83 1000e +00
1351304 .4 068300e-01 1. 624000¢ +00
1351305 -2.001710e01 1 470500¢ +-00
1351306 0 000000 +00 1 403600¢ 400

e P TR T S TN, oy e e S
* head curve no. 4

e inpitf km moe i s oot sk o A o e v s
1351400 | 4

1351401 -1 000000 +00 2.472200e +00
1351402 -8.229700e-01 1 996800¢ +00
1351403 -6.333200e-01 1.589700¢ + 00
1351404 4. 553400e-01 1.327900¢ +00
1351405  -2.710900e-01 1. 194900¢ + 00
1351406  -1.771600¢-0) 1 060500¢ +00
1351407 -9 .073000¢-02 1.015600¢ +00
1351408  0.000000¢ + 00 9.342790e-01

* head curve no. 5

SR TET FOVIRINSION e, Joris sanit Jasws CEDEY) FRESmap. |
1351500 | 5

1351501 0.000000¢ +00 2. 500000¢ -0 |
1351302 2 000000e-01 2 80000001

1351503 4.000000¢-0 | 3.400000e-0 1

1351504 4.118000e-01 2.768000e-0 |

1351505 5.976300¢-01 4. 584000e-01

1351506 7.934670¢-01 6 9920000 |

1351507 | 000000 + (00 1.000000¢ +00
TS RIS, RS I oy PRI,
* head curve no. 6

B anss e d L [SRESCISSI — 1 Sty S ws |
1351600 | 6

1351601  0.000000¢ + 00 9.3427900-01
1351602 9 109900e-02 9 229000e-0!

1351603 1 865090¢-01 8.963000e-0 |

1351604 2.717620e-01 87500000

1351605 4.558720001 § 433000¢-01

1351606 5. 744060e-01 8 355000e-01

1351607 7 405760e-01 § 466000e-01

1351608 7.66619%0¢-01 8 469000e-0]

1351609 8.714710e-01 8 838000¢-01

1351610 | 000000 + 00 1 000000 + 00

e T (SRR T I S (S
* head curve no. 7

bt (S, [RUSRRSESY PRSSEST RSSO NS PR
1351700 | 7

1351701 -1 000000¢ +00 1.000000¢ +00
1351702 -8 000000e-0 | 6. 3000000 |

1351703 -6 000000e-0 1 3.000000¢.01

1351704 -4,000000e-01

-5.000000¢-02

1351705 - 2.000000¢-01 1. 500000¢-0 1

1351706 0. 000000 +00 2.500000¢-01

_ TOC et el Ry S W e e
* head curve no. 8

| SIRSISNS ISR, (SRS o) Piuiy (ARSI Ay
1351800 | 8

1351801 - 1.000000¢ 400 107 0000 +00
1351802 -8 .000000e-01 9. 700000e-0 |

1351803 -6.000000e-01 -9.500000e-0 1

1351804  -4.000000¢-01 -8 800000e-0 |

1351805  -2.000000e-01 -8 .000000e-01

1351806 0.000000¢ +00 <6.700000e-01

R T ST S ITt]

single phase torque data

R S R e TR i I

* torque curve no. |

| SETR, SUST [SURap— P

1351900 2

1351901  0.000000¢ + 00
1351902 1 .930000e-01
1351903 3 930000¢-01
1351904 5.955200¢-01
1351905 7.978200e-01
1351906  1.000000¢ +00

, SHIIEERLY TSR e

* targue curve no. 2

NESE) [REgpcs IR

6032000601
6.325000e-01
7.369000e-0 1
8.331000e-01
9 22900001

1000000 + 00
waesa | we EPIRy AESEREE | P

1352000 2

1352001 0.000000¢ +00
1352002 4.000000e¢-01
1352003 5.000000e-01
1352004  7.3725500-01
1352005 7.680490¢-01
1352006 8.672300¢-01
1352007  1.000000¢ +00

* torque curve no, 3
B
1352100 2

1352101 - 1,000000¢ +00
1352102 -8.0096000-01
1352103 -6.063800¢-01
1352104 -4 06860001
1352105  -1.992800¢-01
1352106 0.000000¢ +00

* torgue curve no. 4
B Lt Yoses
1352200 2
1352201 +1.000000 +00
1352202 -8.223400e-01
1352203  -6.337100e-01
1352204 -4 585300e-01
1352205 -2.670230e-01
1352206 -1.761070¢-01

-

-

PRSI K BV e

ke Yt sy o ] o

3

i yiu Yoot et Daors wnsss e

L S

a4

care i woefoms soiifiren

it e e s f it

1.984300¢ +00
1.394000e +00
1.097500¢ +00
8.220000e-01
6.648000e-01
6.032000e-01

conefacos acmsfiin dosiines

i Yt <Y st fncn

1.984300¢ +00
1.830800¢ +00
1.682400¢ +00
1.557000e + 00
1.436200¢ + 00
1.387900¢ +00



1352207
1352208

B s | atoek ampbot ] i esterif o

-8.93 1000e-02
0.000000¢ + 00

* torque curve no, 5

e B o e ] EE Rl B * lorque curve

1352300 2 $ Bego wavslriom atndfioiuy Sonslaoue epui o uniing sy
1352301  0.000000¢ +00 -4 500000x-01 1353100 O

1352302  4.000000¢-01 -2 500000¢-0 1 1353101 0.000000¢ +00 0.000000¢ +00
1352303 5.000000e-01 0.000000¢ +00 1353102 1.250000¢-01 7.000000e-02

1352304 1.000000¢ +00 3 56900001 1353103 1.650000¢-01 1.250000e-01
e B Tk C e B B 1353104 2.400000e-01 5 .600000e-0

* ivrque curve no. 6 1353105 8.000000e-01 5 60000001

T L B el i B S 1353106 9 600000e-0 | 4 5000000 |

1352400 2 6 1353107  1.000000¢ +00 0.000000¢ +00
]352“)] om +m ]2336‘&4“ PESE AT ERNALERAAREE AN FARLRATIRRLLAFSSIALRRATRRARNSS
1352402  9.064300e-02 1. 196500¢ +00 pump 2-phase difference data

|352w3 lsaWI l Im.‘.w CARNEREERZART LR R ENRRERFNRUN NSRS RIS ASRIRATNRANLES
1352404 2.734700e-01 1 .04 1600e +00 * head curve no. 1

1357405 4586690061 8.958000e-01 e o e R Bt St
1352406 5 .744800¢-01 7.807000e-01 1354100 | |

1352407 7.381600e-01 6.134000¢-01 1354101 0.000000¢ +00 0000000 +00
1252408 7.685200e-01 5 849000¢-01 1354102  1.000000e-01 £.300000e-01

1352409 §.700570e-01 4 87700001 1354103 2.000000e-01 1.090000¢ +00

1352410  1.000000¢ + 00 3.569000¢-01 1354104 5.000000e-01 1.020000¢ +00

L R [ B D e B 1354105  7.000000e-01 1 J10000¢ +00

* torgue curve no. 7 1354106  9.000000¢-01 9 40000001

L R R e et BRI Eo 1354107 1.000000¢ +00 1000000 +00
1352500 2 7 T B T e B B
1352501 - 1.000000¢ + 00 -1 000000 +00 * head curve no. 2

1352502 -3.000000e-01 -9 00000001 L e B B S B
1352503 -1.000000¢-01 -5 000000e-01 1354200 1 2

1352504 0 000000¢ +00 -4, 500000¢-0 1354201 0.000000¢ +00 0.000000¢ +00
P e B B B 1354202 1.000000e-01 -4 000000e-02

* torque curve no. 8 1354203  2.000000¢ 01 0.000000e +00

L SO DRSS, S e R s bt EE 1354204 3 .0000000-0) 1.000000e-0 |

1352600 2 8 1354205  4.000000c-01 2. 100000e-01

1352601 - 1.000000¢+00 - 1000000 +00 1354206 8 .000000e-01 €. 700000e-01

1252602  -2.500000e-01 -9 00000001 1354207  9.000000e-01 £ 000000e-01

1352603 -8 .000000e-02 -8 000000e-01 1354208 1.000000¢ +00 1000000 +00
1352604 0.000000¢ +00 -6 700000e-0 | L U B B . et e C
l.l."..."..'.)‘....‘-’l"“.‘..l"‘l."'."..t.ll‘. - hm curve no. 3

two - phase multiplier data from 19-1 test data Berce s ron: st Jtess il s emes e e oo
EREA N AR RN RN AR RN RSN EANEER I IZNESERIRFRNRIINRD ’354”) I 3

* head curve 1354301 -1.000000¢ +00 1. 160000e 400
N R B b B e 1354302 -9.000000e-01 -1.240000¢ +00
1353000 0 1354303 -8 00000001 -1.770000¢ +00
1353001 0.000000¢ + 00 0.000000e +00 1354304 -7.000000e-01 2360000 +00
1352002  2.000000e-02 2.000000e-02 1354205  -6.000000e-01 2. 790000¢ +00
1353003 6.000000e-02 5.000000e-02 1354306 -5.000000e-01 -2.910000e +00
1353004 | 00000001 1.000000e-01 1354307  -4.000000e-01 -2.670000e +00
1353005 2 .000000e-01 4 600000e-0 1 1354308 .2.5000000-01 -1.690000¢ +00
135300¢  2.400000e-0 1 % 00000001 1354309 -1.000000c-01 -5 .000000e-01

1353007 3 .000000¢01 9.600000e-0 1 1354310  0.000000¢ +00 0.000000¢ +00
L353008 4 000000e-01 9 800000e-01 L B e e e e S
1353009  6.000000e 01 8. 70000001 * head curve no. 4

1353010 8 .000000e-01 9 00000001 T I e B L

1.348100e+00
1.233610e +00

i B b e i s

1353011 9.000000e-01 8.000000¢-0

1353012 9.600000e-01 5.000000e-0 1

1353013  1.000000¢ -+00 0.000000¢ +00

B B B e B Bt L

-A6-




1354400 | 4
1354401 -1 .000000¢ +00 1 160000¢ -+00
1354402 -9 .000000¢-01 -7 80000001
1354403 -8 000000e-0] -5 0000000
1354404 -7 .000000e-0] -3 100000e-0 |
1354405  -6.000000e-0 1. 700000e-01
1354406 -5 000000e-0 | -8.000000e-02
1354407 -1 500000e-01 0.000000¢ +00
1354408 -2 000000e-0 | 5 00000002
1354409 -1 000000e-01 8 000000e-02
1354410 0.000000¢ +00 1. 100000e-0 |
e L PN PSS, ISR DRSS
* head curve no. §
e Sy (WISRYSE, [SSURPRI NSNS, (SO (NN 0!
1354500 | 5
1354501 0 000000¢ +00 0 900000 +00
1354502 2 .000000e-0 | 34000000 |
1354503 4 00000001 65000000
1354504 6.000000e-01 -9 300000e-01
1354505  8.000000¢-01 -1 190000¢ +00
1354506 1 000000 +00 -1 470000e + (0
2RSS PR SRR, RN (LK S S
* bead curve no. 6
e o (SRS IS SR, JURINTIL S S
1354600 | &
1354601 0 000000 + 00 1 100000e-0 1
1354602 | 000000e-01 1. 300000e-0 |
1354603 2 500000e-01 1. 50000001
1354604  4.000000e01 1 300000¢-0
1354605 5 000000e-0) 7 000000e-07
1354606 6 00000001 -4 00000002
1354607  7.000000e-0 1 <2.300000¢-0 |
1354608  8.000000¢-0, -5.100000c-01
1354609 9 000000e-01 9. 100000e-0 1
1354610 | 000000 + 00 -1 470000 +00
T [ PRI SN SRSUSNCT INASI S
* head curve no. 7
B o ol o, St s i e s 5855w e
1354700 | 7
1354701 - 1.000000¢ +00 0000000 +00
1354702 0 000000 +00 0.000000¢ +00
b T NP, SR ST Sttt N A (1
* head curve no. 8
Do o rin i e e b s asressd T E, T
1354800 | 8
1354801 -1 .000000¢ + 00 0.000000¢ +00
1354802  0.000000¢ +00 0 000000 +
bt ity [ PRSRCYIS (IUNIY (e
* torque curve no. |
o Sl EEERSTETNS (SWONCY BRSPS, (SR .
1354900 2 I
1354501 O 000000¢ +00 6.032000e-0]
1354902 | 930000¢-0) 6 325000e-01
1354903 3.930000¢-01 7. 369000¢-01
1354904 5 955200601 8.331000¢.0)
1354905 7 978200¢-01 S 229000¢-01

A7~

1354906

1. 000000¢ +-00

1000000 +00

* torque curve no. 2

1355000
1355001
1355002
1355003
1355004
1355005
1355006
1355007

s

2

0000000 +00
4.000000e-01
5.000000¢e-01
7.372550¢-01
7.6804%0e-01
8.672300e-01
1.000000e +00

* torque curve no. 3

W s, oumstl e s ol

1355100
1355101
1355102
1355105
1355104
1355105
1355106

2
-1.000000¢ + 0
-8.009600¢-01
-6 063800¢-01
-4.D68600e-0 |
-1.992800e-01
0.000000¢ +00

* torque curve no. 4

1355200
1355201
1355202
1355203
1355204
1355205
1355206
1355207
1355208

L]

s e s semns e

RS TSR R Ty

2

- 1.000000¢ + 00
-8.223400e-01
-6.337100e-01
-4, 585300¢-01
-2.670230e-01
-1.761070e-01
-8.931000¢-02
0.000000¢ +00

* torque curve no. 5

1355300
1355301
1355302
1355303
1355304

e b Db il e

2

0.000000¢ +00
4.000000e-01
5.000000e-01
1000000« +00

* torque curve no. 6

1355400
1355401
1355402
1355403
1355404
1355405
1355406
1355407
1355408
1355409
1355410

2
0.000000¢ +00
9 06430002
1.885690e-01
2.734700e-01
4.58669%0¢-01
5.744800¢-01
7.381600e-01
7.685200e-01
B.700570e-01
1.000000¢ +00

-~
.

dowt et it s e st

3

K

5

ee stnaves et st Jo

ot st bt s prone Lone o

6

S e A

et s L et [ suite

-6.700000e-01

-2.500000e0 1

1.500000e-0 |
5.265860e-01
6.065940e-01
7.436600e-01
1.000000e +00

1.984300¢ +00
1.394000¢ +00
1 097500e +00
8.220000¢-01
6. 648000¢-01
6.032000e-01

] e i sy smasis fated

1.984300¢ +00
1.830800¢ +00
| 682400¢ +00
1.557000e +00
1 436200 +00
1.387900¢ +00
1.348 100e +00
1.233610e+00

assiail i aciecs oo e e

-4 5000002-01
-2.500000¢-01
0000000 +-00

3.569000¢-01

LT

1.233610e +00
1.196500e +00
1. 109600 +00
104 1600¢ +00
§.958000e-01
7.807000e-01
6.1340000-01
5.849000¢-01
4. 877000¢-01

3 569000e-01



TPV . ST RIREIEGE MR, (DR S,
* wegue curve no. 7
L T S e T e B

1355500 2 7

1355501 - 1.000000¢ +00 -1 000000 +00
1355502  -3.000000e-01 -9.000000e-0 |

1355503 -1 .000000¢-01 -5 000000e-01

1355504 0.000000¢ +00 -4 500000e-0

" RINREE RS e LS P LR TV,
* wrque curve no. 8

e B Bt B e B
1355600 2 8

1355601 - 1.000000¢ +00 1000000 -+ 00
1355602 -2 500000¢-0 1 -9 0000000

1355603 -8 000000e-0.2 -8 000000e-0 |

1355604 0 000000 +00 -6 700000e-01

FERLRES IR AL ASREERRRNANERIEZFLARILAINAATIINTIARNIRNND
TRARTNRIES

* pepl pump velocity table

A RER R A AR N R AP RS RN IRAANIERRINRRIRAAIANRERIERILOES

*  modification for steady state run at 91/2/8
v - s

*1356100 536

*1356101 0.0 0.0

*1356102 1.0 220.

SRR N R T AR AR R AR IR R R A AT FENEARAAS AT ARSI A SRR RRY
pump ! outlet pump side

FEAAR RS SN RS EA R LA RS RN RI P AARLANRRRREIRRARIRNEEISNNS
1400000  pmp loutp sugivol

1400101 0.0366 0502 0.0 0.0 0.0 00
1400102 4.0e5 00 00000

1400200 0 15165000. 1242900, 2458470. 0.0

AN AN R RN LS AT I NSRRI TSI AN ST AR AR AR AT EI RS IRTRNERN Y

* pump! outlet pipe tee side

SERA R AR AR LR NS R A NIRRT RANANTLIRANINET LRI RS T AN

1450000  pmplount branch
1450001 2 0
1450101 0.0 1.4084 00633 00 00 0.0

1450102 4005 00 00000

1450200 © 15069300. 1242900. 24582300 0.0
1451101 140010000 14500000000 0.1 0.1 000100
1452101 145010000 150000000 0.0 0.0 00 000100
1451201 8.8901000 8 6110000 0.0

1452201 10.611000 10 694000 0.0

Sttt e e R R R R R R R R R R R R R R
* pump outler tee

AP ERA AN AR NN R R RN AN SRR AR AT A R AR RN A RRF AN T ERERETES
1500000  pmpoutt branch

1500001 3 0

1500101 0.0634 0496 00 0.0 00 0.0
1500102 4.0e5 00 00000

1500200 0O 15048800 1242900, 2458680.0 0.0
1501101 170010000 150000000 0 0183 0.2 02 000100
1502101 150010000 175000000 0.0 0.1 0.1 000100
1503101 150010000 406000000 0.0 00 00 000100

1501201 4.3528000 5.2611000 0.0
1502201 10.G35000 10103000 0.0
1503201 0B890000 02735000 0.0

ESEEARE RSN N AR B AL AR RRE AR AR RARA SRR RS IRARRSIRARNAES

* pump 2 suction tee outlet

AN EAEE RN EART AN IAIINRANITRABTXRRANAINARIARRRSRAND
1550000  pmp2sctt branch

1550001 1 0

1550101 0.0 1003 00613 00 %0 0521
1550102 4.0eS 00 00000

1550200 © 14601200, 1242600 2468430.0 0.0
1551101 155010000 16000000000 0.1 0.1 000100
1551201  7.5199000 7.8923000 0.0

AXESANBEASIRINES CARANARRIERNEISILRTREIRATAERTRRNANE

* pump 2 inlet pipe

AN E AN E RSN A AR RN RN IR AT AR TR R AR GT IR AN NN
1600000  pmplinet snglvol

1600101 00 0.457 00189 00 90.0 0.457
1600102 4.0¢-5 00 Q0000

1600200 0 14580700, 1242600. 24680500 0.0

EAARFAATRAE TSI RARATAAN SRS TAB AR RATARINARARRUA RIS

* primary coolant pump 2

AR A AR A RS AR N R A E AN S AN RN N KAN AT ANALAERINERRRRANS
1650000 popump? pump

1650101 00366 0.0 0099 00 90.0 0319
1650102 00000

1650108 160010000 0.0 0.0 00 000100
1650109 170000000 0 O 01 0.1 000100

1650200 0 14832700, 1242890, 24635900 0.0
1650201 O 8.4974000 8.8872000 0.0
1650202 0 £ 4959000 6 6507000 0.0

*1650301 135 135 135 -1 135 509 0

*  modification for steady state run at 91/2/8
-

1650301 135 135 135 -1 -1 504 0
1650302 369.00 89699187 31550 96.00 500.60000 1.431
1650303 6136 00 207.433 0.004 195980 00
1650310 0.0 0.0 0.0

XN ETRAAB RS E AN AT LR ARNFANF LI RRERSRISRLXRNTEENRTR

* pump 2 outlet

RN SRR AR IR AN AR A NS NI NAERESERNAINEAATIANNERAN
1700000  pmp2outt branch

1700001 1 0

1700101 00366 0514 GO 0.0 0.0 00
1700102 40e-5 00 00000

1700200 © 15089900, 1242900, 24578600 0.0
1701101 145010000 170010000 0.0183 0.2 02 000100
1701201 -4 140400 -4.242200 0.0

SPII, WERPCNS, SRS, YONUSEsa IR, PRSP, [
* cold leg pipe W ecc connection tee

AR AR SNSRI RN A AN RNITERRAIAEREIRARSTRTRREN
1750000 iiclpipe pipe

1750001 2

1750101 0.0634 =

1750201 0.0 1

-A8-



1750301 0.559
1750302 0.613
1750401 0.0
1750501 0.0
1750601 0.0
1750701 0.0
1750801 4.0e-5
1750901 0.15
1751001 00000
1751101 000100 1

1751201 © 15044100, 1242300 2458830.00.0 0.0 01
1751202 © 15037400, 1242900, 2458990000 0.0 02
1751306 0

1751301  10.035000 10106000 0.0 01

R S N S TSt TR I I

* ece connection tee pump side
R e T T ST T e it t]
1800000  ecct branch

1300001 1 0

1800101 00634 1.152 0.0 0.0 0.0 00
1800102 4.0e5 00 00000

1800200 © 15034000, 1242910. 2259090.0 0.0
1801101 175010000 180000000 0.0 0.05 0.05 000100
1801201 10.035000 10.083000 0.0

e T T sttt I

¥ cold leg pipe from ecc connection to reactor vessel
'l.".'..“'..32...‘l‘t.,'-l"tll‘ll...‘.‘&."'.l"
1850000  rvnilcl branch

1850001 3 0

1850101 0.0634 1,01 0.0 0.0 0.0 0o
1850102 4.0e-5 0.0 00000

(850200 © 15032700, 1242910. 2459140.0 0.0
1851101 185010000 205000000 0.0634 1.0 1.0 000100
1852101 180010000 185000000 0.0 00 00 000100
1853101 185010000 223000000 0.0 450 450 000100
1851201 92743000 9.3795000 0.0

1852201  10.035000 10.064000 0.0

1853201 1.6570000 1.7271000 0.0

I."..ll‘.l"lll..‘.‘.ilnt!Otlllltl.!"l‘t"‘l‘lt"

<
a

& ;) F,!J LS I S ey
-—
.l

*  reactor vessel
L

Y USRS SRR IR SR TSI T

* nlet annulus top volume
*

s LT, IS DSSINS ISR (I S

2000000  insntop hranch

2000001 2 0

2000101 0.0 0.33 00855 00 9.0 0.33
2000502 4.0e-5 0.178 00000

2000200 © 15017400 1243540 24595000 0.0
001101 200000000 205000000 0.0 00 00 000100
2002101 200000000 245010000 0.001 1800. 1800 000100
2001201  -.0306700 -.03023076 0

2002201 06975000 07019300 0.0

e Lo S NSRRI MUSPRI SR SRR

* inlet annulus bottom volume

B2 i gt B Y s et e e

aif i s i Lo
inanbot branch

2050000

2050001 | 0

2050101 00 0424 0.11] 0.0 900 0424
2050102 4.0e5 0.172 00000

2050200 © 15018400. 1242920 2459460.0 0.0
2051101 205010000 210000000 0.0 00 00 000100
2051201 4.07266000 4.3312000 0.0

B SR ORISR PRSI SN, (SR P

* downcomer

B S EERPEEY PRSI PRSI, SN, .
2100000  downcomr annulus

2100001 4

2100101 0.142 4

2100201 0.0 3

2100301 0958 4

2100401 0.0 -

21005¢1 0.0 4

2100601 900 4

2100801 4.0e5 0102 4

2100901 0.0 0.0 3

2101001 00000 4

2101101 000000 3

2101201 © 15017400, 1242940 2459500.0 0.0 0.0 01
2101202 © 15023500, 1242960, 24593500 0.0 00 02
2101203 0 15029700, 1242980, 2459200.0 0.0 €0 03
2101204 0 15035800. 1243000, 24590500 0.0 0.0 04
2101300 ©

2101301 4.0266000 4.3398000 0.0 01

2101302 4.0266000 4.3397000 0.0 02

2101303 4.0266000 43396000 0.0 03

B ! BT [SRSIRRSES NESSISESY (SIS SR, po—

* lower plenum top volume

i Ry SRS (SSRGS WP, SIS S

2150000
2150001
2150101
2150102
2150200
2151101
2152101
2153101
2151201
2152201
2153201

twrplop branch
3 0

074 0360 090 00 900 -0.36
40e5 00 00000

0 15044100. 1242880. 24588500 0.0
210010000 215000000 0.0 0.00 0.00 000100
215010000 220000000 0.0 0.00 0.00 000100
215000000 225000000 0.15 00 0.0 000100
4.0265000 4.3 184000 0.0

- 0651070 - 0771765 0.0

2.4798000 2.5728000 0.0

e TN SIS DR PRSI SO S

* lower plenum botlom volume

it L) (RIS [NSRPUNY (U SN ISt

2200000  iwrplot snglvol

2200101 0.79 037 00 0.0 900 037
2200102 4.0e5 0.0 00000

2200200 © 15046800. 1241150, 2458780.0 0.0
e L Ly SUSPRCUE SR NS YO

* core filler bypass

it et R SRR RSP SRS (N (L
2230000 fillegap anaulus



T .

2230001 7

2230101 291102 7

2230201 0.0 6

2230301 0424 |

2230302 0958 5

2230303 0.36 6

2230304 037 7

2230401 00 7

2230501 0.0 7

2230601 900 7

2230801 4.0e5 00 7

2230501 0.0 0.0 6

2231001 00000 7

2231101 000000 6

2231201 © 15023600, 1242730, 24593400 0.0
2231202 © 15028700 1242320, 24592200 0.0
2231203 © 15035700, 1241930, 2459%050.0 0.0
2231204 0 15042700, 1241540, 2458880.0 0.0
2231205 O 15049700, 1241160, 2458710.0 0.0
2231206 0 15054500 1241010, 2458600.0 0.0
2231207 0 15057200 1240860, 2453530.0 0.0
2231300 0O

2231301 1.6569000 1.8115000 0.0 01

2231302 1.6565000 1.8111000 0.0 02

2231303 1.6561000 1.8107000 0.0 03

2231304 1.6558000 |.8103000 0.0 04

2231305 1.655400G 1.8099000 G.0 05

2231306 1.6553000 1.8097000 0.0 06

AR T S, Ry RS PSRN P

* junction from filler gap to lower pleaum

NS TN PRSI} I NSRRI, (RREBRSR P

2240000  flirgapp sngljun

2240101 223010000 220010000 0.0 0. 10
2240201 O 1.6552000 17051000 0.0
_ WRNBEUNE ISP SRp; (ESEpwet, [IFRRpra, MUSegioes, W

* lower core support structure
. avse o wriiva Jasos sonfunen swan foins

branch

S T

2250000  lcoreup
2250001 2 0
2250101 025 052 00 00 90
2250102 4.0e5 0095 00000

2250200 © 15032600, 1242900 24591200 0
2251101 225010000 2300000000 0975 0.3 0.3
225210% 225010000 23500000000 OC 00
2251201 3.3398000 3 6043000 0.0

2352201 2.2306000 2.3976000 0.0

B e T B B L E
* aclive core

L N e e B B B
2300000  core pipe

2300001 3

2300101 0.1708 3

2300201 0.1440 2

2300301 0.559 2

2300302 0657 3

2300401 00 3

2300501 0.0 3

2300601 %00 3

2300801 4.0e3 0012 3

2300901 0.5 05 p

2301001 00100 3

2301101 000100 2

2301201 0 15009300. 1289110, 2459680. 0.00.0 01
2301202 © 14996400, 1339030, 24599%0. 0000 02
2301203 0 14982500. 1354980. 2460310. 0.00.0 03
2301300 ©

2301301 3.5187000 3.5227000 0.0 Ol

2301202 3.6127000 3.6166000 0.0 02

e i S B B e

¥ core bypass volume

0.0 01 e e B B B e
0.0 02 2350000 corebyps pipe
0.0 03 2350001 3
0.0 04 2350101 0015 3
09 05 2350201 0.0 2
0.0 06 2350301 0.559 2
0.0 07 2350302 0.657 3
2350401 0.0 3
2350501 0.0 3
2350601 %006 3
2350801 4.0e-5 0003 3
2350901 00 0.0 2
2351001 00000 3
2351101 000000 2
2351201 © 15021500 1242940. 24593%90.0 0.0 0.0 0)
2351202 0O 15002400. 1242980, 24598500 0.0 0.0 02
2351203 ©  14981700. 1243020. 24603300 0.0 0.0 03
2351300 ©
000100 2351301 2.2307000 2.3978000 0.0 01
2351302  2.2307000 2.3980000 0.0 02
e B B B E e S
* upper core support structure
e e B B e B
2400000  ucosst branch
2400001 2 0
0.52 2400101 0297 1.118 00 0.0 90.0 1118
2400102 40e5 0.145 00000
2400200 0 14966500, 1348980, 2460680.0 0.0
000100 2401101 230010000 240000000 0.12 03 03 000100
000100 2402101 235010000 240000000 0.0 00 00 000100
2401201 3.6456000 3 6509000 0.0
2402201 2.3080000 2.3981000 0.0
D e D B B e
* upper flow skirt region
e e B e B B
2450000  ufosre branch
2450001 1 0
2450101 0.114 03843 00 00 900 0843
2450102 4.0e-5 0.131 00000
2450200 © 14945200, 1347660. 24611400 0.0
2451101 240010000 24500000000 0.0 0.0 000100

2451201

-A10-

57436 60742 0.0



it ) EESIETED [ERIY PRCRES I B 3101201 21294000 26136000 0 0

* deed end of fuel modules 3102201 00000000 00320000 0.0
B s O EETCSPRR [RSHSIN SSHS) S e EE) EENTNPTSY RS S S, (-,
2460000  fumodu branch ¥ steam generator and pump simulatior
2460001 1 0 b ) Bl EEE) EEERes) St S e
2460101 0.183 07 00 00 900 07 3150000  sgpsi pipe
2460102 4.0e-5 0214 00000 3150001 12

2460200 0O 14961800, 1343000 2460790 0.0 3150101 0.00836 2

2461101 240010000 24600000000 00 0.0 000100 3150102 0.108 8

2461201 - 74932¢-5 -.74932¢-50.0 3150103 0.0 10

B TR (SR DRSS PUSSIS DN, S 3150104 0.00836 11

* upper plenum lower volume 3150105 0.0525 12

et EE e TR PRSP PRSISNSS MO - 3150201 0.0 2

1500000  uplivol branch 3150202 0.0326 4

2500001 1 0 3150203 0.108 5

2500101 0.268 1.566 0.0 0.0 0.0 1.566 3150204 0.0326 7

2500102 4.0e5 00 00000 3150205 0.0 8

2500200 0O 14947600 1346300. 24611400 0.0 3150206 0.0 9

2501101 245010000 250000000 0.0 0.0 0.0 000100 3150207 0.0081 10

2501201 5.8130000 6.1784000 0.0 3150208 0.0 I
l'.."ll'..l’l.‘lll"l‘..‘ll.’llll‘t..l"'ll-‘.“t’. 3‘””' o‘m‘ l

¥ 3150302 0.5265 2

*  broken loop 3150303 0362 3

* 3150304 1692 4
"'.“l.‘tillllllI3'.!l.!.!’ll.l!.ltlllililtl'll’.. lesos 0.“95 6

* reactor vessel nozzle - broken loop hot leg 3150306 1692 7

B el SERNS ISP SVCS) S (e 3150307 0362 8

3000000  rvbihi branch 3150308 1346 9

3000001 2 0 3150309 1325 10

3000101 00634 0876 00 0.0 0.0 00 3150310 1.842 i1

3000102 4005 00 00000 3150311 0667 12

3000200 0 14953100, 1239820, 2460990.0 0.0 3150401 0.0 8

3001101 250000000 300000000 00634 0.0 0.0 000100 3150402 0.0162 9
3002101 300010000 305000000 0.0 0.1 0.1 000000 3150403 00648 10

3001201 1303100 -. 1795200 0.0 3150404 00 12
3002201 - 1303200 -. 1304000 0.0 3150601 0.0 5

i ST RS SRR S, DR 3150602 900 10

* hot leg pipe o reflood assist bypass tee 3150603 90.0 1

e gaeers! CECIPIGES, [WISTISHEY, [ISTSRPES) SCHISESE (R sy 3150604 00 12
3050000  hipras branch 3150701 ©0.127 1

3050001 1 L] 3:50702 0.488 2

3050101 00634 0698 00 00 0.0 0.0 3150703 0362 3

3050102 4.0e-5 00 00000 3i50704 1692 4
3050200 © 14953100 1239750 24609900 0.0 3150705 0457 S

3051101 305010000 310000000 0.0 0.1 0.1 000100 3150706 -0457 &

3051201 - 1761300 - 1768800 0.0 3150707 1692 7

Frrm ame Jovie e frad s Jns s fardie b b e f s 3150708 0362 8

* broken loop hot leg contraction 3150709 -1.143 9

i) endaest SRTIUSAY P (NG MR 3150710 -0.686 10
3100000 sgsii branch 3150711 1214 1]
3100001 2 0 3150712 0.0 12
3100101 0.0 1.424 00668 0.0 00 00 3150801 4.0e5 0.0 3
3100102 4065 00 00000 3150802 4.0e5 0.124 4
3100200 G 14953100 1239700, 2460990.0 0.0 3150803 4065 00 6
101101 370010000 3 10000000 0.0 00 00 000100 3150804 4.0e-5 0124 7

3102101 310010000 3 15000000 0.0 00 00 000100 3150805 4.0e5 00 12

-All-
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3501201 © 15018600. 1067100. 24594700 0.0 0.0 0!
3501202 © 15018600 1173730. 245%470.0 0.0 0.0 02
3501300 ©

3501301 0 0 0.0 01

S PSS WS RSP NN NSNS A

* isoiation valve cold leg
e, Iy, [SSPEN NPT, IR (USIYE SO
3550000  isvel  valve

3550101 350010000 360000000 0.0 00 0.0 000100

3550201 | 00 00 00
3550300  trpviv

3550301 505

 SSONDR S woni Joniny - st facomt. o o sss . smanlforaise RSN (-

* pipe section between isolation vaive and gobv cold leg

e e s CE RIS CETR) (SO
3600000  vvolel  snglvol

3600101 00525 0813 00 00 00 00

360102 4.0e5 00 00000

3600200 3 14 7det 558,

Roind uimcns i s o fims e P i B s i

' quick opening blowdown cold leg

et BT EEP S
3650000 qobwvel  valve

3650101 360010000 805000000 0.0466 0.0 00 00100

3650201 | 00 00 00

3650300  trpviy

3650301 507

Ui, PSSR (RTENGCI (S, [WRCRPSS, (SR
* reflood assist bypass piping - cold leg side

B B LTt PRIy PCUSTSON SV
3700000  rabsphl branch

3700001 | 0

3700101 00388 2203 0.0 00 200 0.653
3700102 40e3 06 00000

3700200 © 14755500. 1239680.0 2460930.0 0.0
3701101 375010000 370000000 0.0 00 00 000100
3701201 21294000 24585000 0.0

* refllood assist bypass parrel pipes hot leg side
el TR PSSR SRS [STRL (SO S

3750000 rabphl  sngivol

3750101 00776 0.0 00858 0.0 0.0 0.0
3750102 4.065 0.0 00000

3750200 © 14957900, 1239760.0 24608800 0.0

Bosie wumifomen i P st e f o e mmis

* reflood assist bypass valves

et LS (SRR TR SRR e S
3770000 rabsviv sngljun

3770101 380010000 375000000 0.0 { 4e+4 | do+4 000000
iT0201 o 06460 25646 0.0

iaihad b S RS, PSSR (NSRRI I SR

* reflood assist bypass parrel pipes cold leg side

e e ! DORSUIE DN TS SR S

3B00000  rabppel  snglvol
IBO0I01 00776 00 0.0855 00 0.0 00
3B00I0Z 405 00 0000

3800200 © 15023400 12400200 24593500 0.0
B e B e e e peoes

* reflood assist bypass single pipe cold leg side

B B e B R [y powe
3850000 rabspcl branch

3850001 | 0

3850101 0.0388 00 0.11802 00 -90.0 -0.653
3850102 4.0e5 00 00000

3850200 0 15021000. 12408500 24594100 0.0
3851101 385010000 380000000 0.0 00 00 000100
3851201 212920 260740 0.0

ll‘l'ltl't'll‘ll"‘ﬁ‘ll.lt‘l'ltlttl‘l!ll"‘l‘"‘..ll
L]

*  pressurizer

.
l'llllll.'l‘.'l‘.itl!..l".3l‘llll.ll‘lll.l".'.‘ltl
* surge line pes side

B Bt LRI PRI (s [raupu Jowt
4000000  sipes branch

4000001 2 0

4000101 0.00145 3.45 0.0 0.0 00 054
4000102 4.0e-5 00 00000

4000200 0 14923700. 1458370. 24616100 0.0
4001101 110000000 400000000 0.0 093 093 000100
4002101 400010000 405000000 0.0 0.93 093 000000
4001201 -.17675¢-4 -.17772¢-4 0.0

4002201 -.17696¢-5 -.17696¢-5 0.0

Bt L s Lo ERRIERRSS PRCSTPUSY pRUcpus jus

* surge line pressurizer vessel

D S ST ERSRPIY [Ene e’ (S -
4050000 siprv  sngivol

4050101 0.00145 3.45 00 0.0 200 060
4050102 4.0e5 00 00000

4050200 © 14920000, 1494210.0 24616900 0.0

O IUEI, KV SRR T I v

¥ spray line

el SR Dt RS FOUSEN USSR J—,
4060000 spray  branch

4060001 1 0

4060101 0.0003363 6.322 00 0.0 90.0
4060102 3.161 4.0e5 00 00000

4060200 © 15075000, 1244040.0 24580960 0.0
4061101 406010000 420010000 2. 4e-6 1.0392 1.0392 0600100
4061201 08890000 08390000 0.0

i L (SRS PSS SN AR S

* spray valve

e s T USSR, TN, (SURIS ST W

4070000 sprvlv  valve

4070101 406010000 420010000 3 34e-4 | 54e01 |.54e01
+ 000100
4070201 ©
4070300 trpviv
4070301 690

000000 000000 0.0

M TR TR A T, JINS T

* pressurizer surge line valve
]

s DT (RS SO, (U SIS T

-Al3-



4100000  sivaly valve

4100101 405010000 41500000000 093 093 000100
4100201 © < 17704000 - 1770400 0.0

4100300 upviv

4100301 508

L L B B S B S

* pressurizer vessel

e e B B B S
4150000 pzrve pipe

4]50001 8
4150101 0362
4150102 0.565
4150103 0.466
415014 013
4150201 00
4150301 0224
4150302 0403
4150303 0.207
4150304 0.1708
4150305 0.118
4150401 0.0
4150501 00
4150601 900
4150801 4.0e5 00 8

4151001 00000 8

4151101 000000 7

4151201 14917400 1511010, 2461750.0 0
4151202

0 Wy = T g

0 0.0¢C1

O 14915500 1568180, 24617900 1839¢-3 0.002
4151203 0O 14913200 1558810, 24636200 15145 0003
4151204 0 14912100 1582630, 2461930.0 9996500 0.0 04
4151205 0 14911900 1582620, 2461840.0 9996400 0.0 05
4151206 O 14911700 1582560, 2461840.0 9996000 0.0 06
4151207 0 14911500, 1582300 2461840.0 9995300 0.0 07
4151208 O 14911400 1575760. 24618400 10
4151300 ©

0.0 08

4151301 - 716473¢-3 05388 00 01
4151302 -.62376¢-3 3445 0.0 02
4151303 - 27965 12293¢-2 0.0 03
4151304 -.27030 17636e-3 00 04
4151305 - 30526 20283e-3 0.0 05
4151306 - 28127 1933%¢-3 00 06
4151307 - 58439 64379¢-3 0.0 07

RIS SR I S —" e S

* pressurizer top hat and reliel connection
| SEpCR T RS, PRI SRR PR,

4200000 toppre branch

4200001 | 0

4200101 ©0.13  0.1i8 00 0.0 900 0.118
4200102 40e5 00 00000

4200200 O 14911300, 1541380, 2461830.0 99907000
4201101 415010000 420000000 0.0 0.0 00 000000
4201201 -.38729 544472400

TSR TGty SR SR SRR T MRS RO

* porv

e e B e B B
4250000 porv valve

4250101 420010000 £10000000 2.4784-5 0.0 0.0 000100
4250201 © 000000 00000 0.0

4250300 trpviv

4250301 625

EROFES SRR TN ERA TR RIAIRAIERFREREIRANAETNIIRIIININRS
*

*  steam generator secondary side

.
SETRRAUTAELITHAAIRTIEREINARLTAIISXRIFTASISTERARANSE

* primary separator

L et B e B B
5000000  sepaout SCPAraLr

5000001 3 0

5000101 1273 0.718 00 00 +90.0 +0.718
5000102 4.5 07874 00010

5000200 © 56706400 1444230, 3000000.0 . 19415000

S001101  S00010000 525000000 1.2728000 00.00011G0 0.5
5002101 S00000000 505000000 0.000000 C.6 0.0 001100 +
+ 0.15

S003101 520000000 5000000000 19600 04 04 001100
5001201 04175 5723 00

5002201 0.8006 -9.39768e-2 0.0

5003201 19086 4.4093 00

" PRI SRR SO DU MRS, RTINS, BB e

* separator outlet region

WS RSRINAE YOMPESE NEPECTT TERSIIL SRR, Jie

5050000 Iwrsep branch

5050001 1

5050101 1.273 0718 00 00 -90.0
5050102 4.5 07874 00000

5050200 © 56727800 1183350, 2400000.0 01138160
5051101 505010000 S10000000 0.0 00 0.0 000100
5051201 0.21828 -.30041 00

0.718

VR S FRPIN TORRIE SIS ST

* {eed inlet volume
©

ISR S Y Sursp— - ISP E

5100000 feedinl branch
5100001 1 0

5100101 07525 0.518 0.0 0.0
5100102 4.5 0.10796 00000
5100200 0 5676840.0 1109810, 2400000.0 40858%¢-5
5101101 510010000 51500000000 0.0 0.0 000100
5101201 0.6323700 0.632870 0.0

900 0518

L B e L B
* geam generstor downcomer

| SN NSNS RENSTRI (PR (IR PESRS P
5150000 dwoemr annuiux

5150001 &

5150101 0.23226 3
5150102 0.27871 &
5150201 0.0 7
5150301 0.7102 3
5150302 1.85075 7
5150303 0.718 8
5150401 00 8
5150601 -90.0 3

-Al4-



5150602 21.0 6
5150603 16.0 7
5150604 900 8
5150701 0.7102 3
5150702 0.7102 6
5150703 0.518 7
5150704 0.718 8
5150801 4.5 0.1079 3
5150802 4.e5 00305 7
Si50803 4e5 00 8
5150901 0.0 00 2
5150902 17.5 17.5 3
5150903 4.2 4.2 4
5150904 8.8 88 5
5150905 4.2 42 6
5150906 0.0 0.0 7
5151001 00000 3
*
5151002 00100 &
5151003 00000 8
5151101 000000 2
5151102 000100 3
5151103 000000 7
5151201 O 5681540.0 1110180.0 2500000.0 0.0 0.0 01
5151202 O 568i540.0 1110180.0 2500000.0 0.0 0.0 02
5151203 0 35681540.0 1110180.0 2500000.0 0.0 0.0 03
5151205 0 5681540.0 1110180.0 2500000.0 0.0 0.0 05
5151206 O 5681540.0 1110180.0 25000000 0.0 0.0 06
5151207 0 5681540.0 1110180.0 25000000 0.0 0.0 07
5151208 O 56815400 1110180.0 2500000.0 0.0 6.0 08
5151300 0
5151301 4952 62274 0.0 01
5151302 49535 62294 0.0 02
» 5151303 49550 93962 0.0 03
| 5151304 60219 2772 00 O
5151305 1.239 34916 00 05
5151306 16096 46784 00 06
5151307 1.5003 48023 00 07
et C Rt SR ISURPR (SN ONSY DRSS B
* wp of the riser
B et Eer SRR PRCSNRPN RS SRR [
5200000  separin branch
5200001 1| 0
5200101 0.27871 0718 0.0 0.0 N0 0718
3200102 465 00 00000
5200200 0 5671640.0 1324220. 2600000.0 1 100800
5201101 515010000 520000000 0.00000 0.0 0 000100
5201201 0.67145 93678 0.0

s el et e s stk i

N PRy e T B

* below mist extractor, above top of shroud in steam dome

5250000
5250001
5250101
5250102
5250200

e Sl ey et

ke ek ks oo e Nl b ek

botstm branch

1 0

1.5886 0762 00 0.0 9.0 0.762
des5 00 00000

0 5670220 0 1150000, 2591710.0 9999800

5251101 525010000 530000000 0.0 0.8 08 000100

5251201 7175 78659 0.0

* mist extractor and steam generator outlet pipe to sev

Sss wrme o cuios faem o iems wirs Jomss 5ns Jminm ayelfrwee

5300000  stmpipe pipe
5300001 2

5300101 1.2728 |

5300102 0.04635 2

5300201 0.01365 |

5300301 0.762 1

5300302 25074 2

5300401 00 2

5300601 900 i

5300602 00 2

5300801 4e5 00 2

5300901 04 04 |

5301001 00000 2

5301101 000100 |

5301201 0 5670000.0 1148038.0 2591620. 9997400 0.0 01
5301202 0 5548250.0 1148038.0 2591620. 9989700 0.0 02
5301300 ©

5301301 20365 21619 00 01

L IPIVRT ST NI NN S TS T

* pipe downstream of steam control valve

Bans awewfinon sivn s sine s <Y movelfinie s

5350000 condint sagivol
5350101 0.06557 54.44 0.0 0.0 0.0 00
5350102 4.e5 00 00000
5350200 O 2079110.0 914598.0 2598620.0 1.00000

S E ) ERR SN SRR YU ISR

* air cooled condenser
*

ot e s e fot sia [ e e st fasom wman e

5400000 condnsr tmdpvol

5400101 0.21677 1767 0.0 0.0 0.0 0.0
5400102 4.5 0.02 00000

5400200 2

5400207 0.0 2.06%+6 1.0

bt s RIS Y (MU JES g

* feed sworage tank

Bt L) EOSSSSYGT; SRPUN) SN S
5450000 feedink tmdpvol

5450101 2981 3048 00 0.0 0.0 0.0
5450102 4.5 0.0 00000

5450200 | 656

5450201 -1.0 47962 00

5450202 0.0 479.62 0.0

5450203 10.0 47962 00

Bt CEUEE S ERIRRS, [RSpRSSY PSS U0

* steam control valve bypass

it Lo TR CRSRUNET NSNS (SNSR TROR T

5460000 scvbyp  valve

5460101 530010000 547000000 0.0 00 00 000000
5460201 © 000000 000000 0.0

5460300 trpvlv

5460301 670

-Al5-



- UIBNRETIST Ay LTS} SHANGE, (W SRS, (SR,

* air cooled condenser

B o e (g fsdnn vt s i e s ot g o
5470000 conders umdpvol

5470101 021677 1767 00 0.0 00 00
5470102 465 00 00000

5470200 1 680

5470201 0.0 559.15 0.999

$5470202 183000 334.15 0.999

*  modification for steady stale run at 91/2/8

S e L o A SRS

R B B B B B B
* aux feed water

el et e B B e
5480000  auxfeed tmdpjun

5480101 553000000 510000000 0.10

5480200 | 655

5480201 -1.0 0.0 0.0 0.0
5480202 00 0.0 0.0 0.0

*5480203 0.0 25207 00 00

*  modification for steady state run at 91/2/8

M e s e sl e s v o e s e s

* steam flow control valve

S500000  cv-pd- | valve

S500,.71 530010000 535000000 00043266 00 0.0 000100
5500201 w 19.758 22082 00

5500300 mtrvly

§500301 612 616 0.05 0.67 550

IR ER S e TR bl el IERTTR

* makeup feed tank

B s e e o o i s caec ] Sassol arh  Boses. eamnf s
5530000 demin tndpvol

5530101 30 10.0 00 0.0 0.0 0.0
5530102 3335 10 00011

5530200 1

5530201 0.0 665 00

S U e R O S S

* flow path to the air cooled condenser

e e B S e B
5550000 cosacco  sngljun

5550101 535010000 540000000 ¢.0 00 00 000100
5550201 0O 13171 36498 00

e o L B B L S

* main feed water valve

SRS TGS, TSI, OO 1) S |
S600000 mnfesd tmdpjun

S600101 545000000 510000000 0 .05

5600200 1 656

5600201 00 26.533 26533 00
5600202 0.0 0.0 0.0 00

* modification for steady state run at 91/2/8

Birinis pomens Sasted Snamin SERANS SeRReU Sdbene Basu
R R R e e e e e e R
Ll

* e system

Ll

BEEFEAAANREE AN R R RN SRR AR TR EANSREERARNETZRNRANRS
* piping pes hpis injection point

e B e B B e B
6000000 ppchp  braach

6000001 O 1

6000101 0.009099 88776 00 0.0 900 32
6000102 4.0e5 00 00000

6000200 0 14081300, 128835.00 2400000.0 000000
e e L B Bl e

* piping accumulator

L e L B e B B
6050000 piacl  branch

6050001 2 0

6050101 0.014582 94891 0.0 0.0 6.0 00
6050102 4025 00 00000

6050200 © 14065600, 131740.00 260000 0 000000
6051101 605010000 60000000000 0.8 0.8 000100
6052101 610010000 605000000 0.0 0.7 0.7 000100
6051201 98481-14 98481-14 0.0

6052201 -.1251-13 -.1251-13 0.0

L e B B B e b

* accumulator pipe

.

i i bt oAb i o] e i il

6100000 piac2 snglvol
6100101 0.018638 755998 0.0 0.0 00 0.0
6100102 405 00 00000

6100200 © 14065600, 131744 26000000 0.0
B P e L e
* wccumulator vessel

L ]

ST TPEY SN B e B

6150000 accumir accum

6150101 1.25¢ 233 00 0.0 %0 233
6150102 405 00 00000

6150200 437+6 3047 00

6151101 610000000 0016817 246 246 000000
6152200 197 00 75.13 0.0 0.04445 0000
B e B C e B

* bwst lpis

e et B B S B
6200000 bwstlps tmdpvol

6200101 2044 50 0.0 00 00 50
6200102 4.0e5 00 00000

6200200 3

6200201 0.0 1.0e+5 3050

L B e B D e B

* bwst hpis

L B B B e B
6250000 bwsthps tmdpvol

6250101 2044 50 00 0.0 200 50
6250102 4.0e5 00 Q0000

6250200 3

-A16-



6250201 0.0 1 0e+5 3050
Wi sl ed s s ol Prsccon St J ot
* ecc check valve

B ok bk e e o] ek el i i ey s Pimss
6300000 eccviv valve

6300101  &000 10000 | 35000000 0.0 6o 0.0 000100
6300201 © 00000000 00000000 0.0

6300300  trpviv

6300361 502

SRR S W NS Tt S D

* low pressure injection system

PO, SSS s, SREE, [S [LNSE SR (N

6350000 Ipis tmdpjun
6350101 620000000 60000000 0 O
6350200 | 635  p 205010000

6350201 1.0 0.0 0.0 0.0

6350202 B 483+4 7045 00 0.0

6350203 4.297+5 6091 00 00

6350204 7.745+5 5045 00 00

6350205 9.448+5 4313 00 00

6350206 1.119+6 3454 00 00

6350207 1.186+6 3173 0.0 00

6350208 1.257+6 2673 00 0.0

6350209 1.326+46 2.159 00 0.0

6350210 1239546 1336 00 0.0

6350211 146446 07182 00 0.0
6350212 1.517+6 00 0.0 00

Bis wioms fees ks J on g i) ms fin o smmt [ it st L
* high pressure injection system

I (et SRS, RS S, S s

6400000 hpis tmdpjun
6400101 625000000 600000000 0 0
6400200 | 660 p 100010000

6400201 1.0 00 0.0 0.0
6400202 00 0.0 090 00
6400203 00 75687272 0.0 00
6400204 772514446 75687272 0.0 00
6400205 8.3597+46 3153628100 00
6400206 17.243646 3153628100 0.0
B S LSRN, FNUSISURS) (RSN (RS S

* accumuiator valve

Bidis o fomer v ) it nas fowes. e |t wmns fomes. o Jnine
6450000  sccumv! valve

6450101 615010000 610000000 0.003167 16 1.6 000100
6450201 © 00 0.0 00

6450300 trpvlv

6450301 503

‘I“l')ll..‘!lliit!‘itltlt.tlltitlll'...ltltttitltt
.

Y containment

*
..l..‘lllll..l..llll.'tl.!ltl.l.ltll‘ll‘."llltllt'

oy DS, (RS, NSSRRY (O S, SO,
* contsinment broken foop hot leg
.

e e Dot et SR SRR J T

8000000 cbihi  tmdpvol

8000101 00 1.0 0.1 0.0 00 0.0
8000102 0.0 0.0 00000

8000200 2

8000201 0.0 0.107¢6 1.0

8000202 10000.0 0.107¢6 1.0

ISP PSCTRUNIRS TRSRPRNT TSUNDRSY SRS [OSpE J

* containment broken loop cold leg

et Bt PR TR FIORIpEY PSR, e
8050000 c805  tmdpvol

8050101 00 10 01 00 00 0.0
8050102 00 00 00000

8050200 2

8050201 0.0 1.0e+5 1.0

8050202 100000 |.0e+5 1.0

Rt S ST SR [RRSRISPR RSy pin
*  containment power operated relief valve

B e e (R [T PESSS (.
8100000 eporv  tmdpvol

8100101 0.0 1.0 01 00 0.0 00
8100102 0.0 0.0 00000

8100200 2

8100201 00  0.107¢+6 1.0
8100201 100000 0.i107e+6 (.0
e EP SSURPII MRS, JUS SO e

* boundary valve intact loop hot leg

b B BN Bt RS (PR, (.
9000000 bvalv  valve

9000101 110010000 905000000 0.0 0.0 00 000100
9000201 0 00 0.0 0.0

9000300  trpviv

9000301 S11

s sen et b Jibt smm fmnre i yosfsn sonsfrses

*  boundary volume intact loop hot leg

B Sl [ ERTEPSRY e (SN S
9050000 bvolum  tmdpvol

9050101 0.0 1.0 0.1 00 0.0 0.0
9050102 0.0 0.0 00000

9050200 3

9050201 0.0 14.9664¢6 577.86

9050202 10000.0 14 .9664¢6 577 86

it e [T (SUSSPSIEY S S
®

i heat structure input dasa

*

e e st e
N

* steam gencrator heal structures

*
tl.l"l'ltlt.li.ll'.i‘tlt:llt!tlllllttl'tltltllli!l
¥ steam geaerator tubing
ttl“ll!lttltl‘ltti...t‘!lat'lt’tlttlttl‘ll‘ttlt"t
10060000 6 8 2 1 0.0051054
10060100 0 I

10060101 7 0.006348984

10060201 6 7

10060301 0.0 7

-Al7-



1006040 1
1006050 |
1006060 ]
10060602
10060701
10060801
1006090 1

11151000
11151100
11151101
11151102
11151201
11151202
11151301
11151401
11151501
11151601
11151701
11151301

11152000
11152100
11152101
11152201
11152301
11152401
11152501
11152502
11152601
11152701
11152801
11152901

5400 8

115040000 10000
515040000 10000
515060000 - 10000

0 0

0

|
|
1
0

1 1687 481 6

1 1687 481 3

1 1687 481 6
]

00 110 11.0 00 0.0 0.0 0.0 1.0 6 * mod 3
00 110 110 0000 00 00 10 6*mod3
R R e e e e e el et
* tubesheet central section

RSN ARER R R RN ARA RN SRR ENAANANATIRANINERRRERANNLNNERAE

2 4 2 1
0 1

1 6.35¢.3

2 7.072376¢-3
6 1

5 3

0.0 3

5770 4

115030000 70000 |
939 0 3949
0 0.0 00

2 20 1
0 i

19 0.623795
5 19

0.0 19

5770 20
115030000 0
115100000 O
515030000 0O

0 0.0

* wtact loop piping

AR ERBAR AN ARSI N AR FENNA LA RN A IR AR FRARAE IR RATINS

11001000
11001100
11001101
11001201
11001301
11001401
11001501
11001502
11001503
11001504
11001505
11001506
11001507
11001508
11001509
11001510

12 11
0 1

10 0.1780
4 10
00 10
5400 11
100010000 O
105010000 O
110010000 O
115010000 0
115120000 O
115130000 0
120010000 0
150010000 0
175010000 0
175020000 0

00
0.0 11.0 11.0 00 00 00 00 1.0 2*mod3
00 11.0 116 00 00 00 00 1.0 2*mod3

Sl T e R R e R R e R R R R A R

-

— e e Eat e g e e e

|

00
00 110 110 00 00 00 00 1.0 2*mod3
EAF RN AN AN RN R I N R AR R A ST ARARA AR TRRNBARN AR
* tube sheet periphery

FEESREFAA R RN N RN AR R AR AR AR AR ARAD R ERAERIINRAT R

|
i
1

0.0

I

e e N e e s - -

5.1054¢-3

[
L7

0
2

0.0

0.1579621
0.1579621
0.1579621

o

-

0.142

1.5373
1634
0.623
1.4385
0.639
0.559
0.76
0.4966
0.559
0.613

(=]
uu
L)

P2 8D e

- B R

10

11001511 180010000 O 1 i 0.701 i
11001512 185010000 O 1 | 1.461 12
11001601 -939 0 3949 1 1.5373 |
11001602 -939 0 3949 | 1.634 2
11001603 -939 0 3549 ! 0623 3
11001604 -939 0 3949 i 1.4385 4
11001605 -939 0 3549 i 0689 5
11001606 -939 0 3949 1 0559 6
11001607 -939 0 3949 1 0.76 7
11001608 -939 0 3949 1 04966 8
11001609 939 0 3949 ! 0559 9
11001610 -939 0 3949 ! 0613 10
11001611 -939 0 3949 i 0701 1}
11001612 -939 0 3949 1 1.461 12
11001701 © 0 0 0 12

11001801 00 110 11.0 00 00 00 00 10 1 *mod 3
11001802 0.0 110 11.0 0.0 00 00 00 10 2*mod3
11001803 00 11.0 11.0 00 00 0.0 00 1.0 3 *mod3
11001804 00 110 11.0 00 0.0 0.0 0€ 1.0 4* mod3
11001805 00 110 11.0 00 0.0 00 0.0 10 5*mod3
11001806 0.0 110 110 00 00 0.0 00 10 6*mod 3
11001807 00 110 11.0 00 0.0 00 0.0 1.0 7*mod3
11001808 0.0 11.0 11.0 00 00 0.0 0.0 1.0 8 * mod 3.
11001809 00 11.0 11.0 00 0.0 0.0 00 1.0 9*mod3
11001810 00 11.0 110 00 0.0 0.0 0.0 1.010* mod 3
11001811 0.0 11.0 11.0 0.0 00 0.0 0.0 1.0 !l * mod3
11001812 0.0 11.0 11.0 0.0 00 0.0 0.0 1.0 12 * mod3
e T L B e e B

* stearmn generaior connections

Bons atowfmuss svaslwans wissfoes apes Jovien wimsifins dienfusin
11002000 2 11 2 i 0.1625
11002100 0 i

11002101 10 0.203

11002201 4 10

11002301 0.0 10

11002401 5400 11

11002501 115020000 0 i 1 0708 1
11002502 115110000 0 1 1 0.547 2
11002601 -939 0 3949 1 0708 |
11002602 -939 0 3949 1 0547 2
11002701 © 0 0 0 2

11002801 0.0 110 11.0 00 0.0 00 00 10 | *mod3
11002802 00 11.0 11.0 00 00 00 0.0 1.0 2 *mod3
B et B B B B L

* 216 meter diameter piping

. SSPSS TN (RSO FINES S, 5 g,
11003000 7 8 2 1 0.108
11003100 0 1

11003101 10 0.1365

11003201 4 10

11003301 0.0 10

11003401 5400 11

11003501 125010000 0 1 | 1.00 1
11003502 130010000 O ! i 0457 2
11003503 140010000 O 1 1 0502 3
11003504 145010000 0 1 1 1.4084 4

-Al8-
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12100604 223050000 O 1 1 0958 4
12100605 223060000 0 ] I 0.36 5
12100606 223070000 0 | 1 0.37 6
12100701 © 00 00 0.0 6

12100801 0.0 11.0 11.0 00 00 00 00 1.0 4*mod3
12100802 00 110 11.0 00 00 00 00 1.0 S*mod3
12100803 0.0 110 110 €0 00 0.0 00 1.0 6*mod 3
12100901 0.0 110 110 00 00 00 00 10 4*mod?3
12100902 0.0 110 110 00 00 0.0 00 1.0 5*mod3
12100903 00 11.0 11.0 00 00 00 00 10 6*mod3
XS RN A AR AR RN BRI AT RS AR AN ANSEA NSRS ARTASRRERRBARS
* reactor vessel wall above station 178 - 5.50 inches thick

* gation 178 1w 258 rv not modelled above bottom of nozzles

FE TR A NNE AR R R AR NSRRI N AR N AN TSR RS AR NSRRI ARIRANRANEE

12110000 3 1 2 i 0.7328
12110100 © 1

12110101 10 0.8725

12110201 5 10

12110301 0.0 10

12110407 35580 11

12110501 223010000 0 1 i 0.424 1
12110502 223020000 0 1 i 0,958 2
12110503 223030000 O 1 1 0.6500 3
12110601 -939 0 3949 1 0424 1
12110602 -939 0 3949 1 0,958 2
12110603 -939 0 3949 I 6500 3
12110701 © 0.0 0.0 00 3

12110801 00 11.0 110 00 60 00 00 1.0 | *mod3
12110802 0.0 11.0 110 00 0.0 00 00 1.0 2%*mod3
12110802 0.0 110 110 00 00 0.0 00 1.0 3 *mod3
FEEE R R R R R AR N RN R ARSI R A AR A RTINS AN IRRERIRTAN RS
* reactor vessel wall bellow station 178 - 3 62 inches thick

* station 67.7 1o 178
"l'."I‘Oll‘U.l‘l"l’il'l.’lllll‘l"..‘.l.tlll‘tt.

12120000 5 7 2 1 07328
12120100 O i

12120101 6 0.8247

12120201 5 6

12120301 0.0 6

12120401 5580 7

12120501 223030000 0 1 ] 0.308 I
12120502 223040000 10000 | ] 0.958 3
12120503 223060000 O 1 ! 03600 4
12120504 223070000 O 1 ] 0.37 5
12120601 929 0 3949 I 0.308 1
12120602 -939 0 3949 1 0.958 3
12120603 -939 0 3949 ] 0.36 B
12120604 939 0 3949 I 0.37 5
12120701 0 0.0 0.0 0.0 5

12120801 00 110 110 00 0.0 0.0 00 10 ! *mod3
12120802 0.0 11.0 110 00 00 0.0 0.0 1.0 3*mod3
12120803 00 110 110 0.0 00 90 00 1.0 4*mod3
12120804 0.0 110 110 00 00 00 00 10 5*mod3

FEA AR RN R RN RSN A AR R RSN NN SRR AAIETAEARANES

* reactor vessel bottom station 67.7

R T R e e R R R e

12200000 | 11 I 1 0.0
12200100 0 1
12200101 10 0.092

12200201 3 10

12200301 0.0 10

12200401 5580 11

12200501 220010000 O 1 0 1.68 1
12200601 -939 0O 349 0 1.68 1
12200701 0 0.0 00 0.0 1

12200801 0.0 11.0 11.C 00 0.0 6.0 00 10 | *mod3
12200901 0.0 110 i11.0 00 00 0.0 00 1.0 | *mod 3

ERA TS SN ARSI RN N E AR NN R EE SRR ENARNERTARERALAIRINIS S

* flow skirt - core filler assembly station 96.44 o 261.13

I iR e s R e P R R R R R RS R R R
12250000 7 i 2 1 03

12250100 0 1

12250101 10 0.38

12250201 4 10

12250301 0.0 10

12250401 5580 11

12250501 225010000 0 1 1 0.52 l
12250502 230010000 O 1 1 0559 2
12250503 230020000 0 1 1 0559 3
12250504 230030000 O 1 i 0657 4
12250505 240010000 0 1 1 1.118 5
12250506 245010000 0 1 | 0.42 6
12250507 246010000 1 I 0.35 7
12250601 © 0 0 1 0.52 1
12250602 0 0 0 I 0559 2
12250603 © 0 0 l 0.559 3
12250604 © 0 0 | 0.657 4
12250605 0 0 0 1 i.118 5
12250606 © 0 0 1 0.42 6
12250607 0 0 0 | 0.35 i
12250701 0 0.0 0.0 0.0 7

12250801 0.0 11.0 11.0 00 00 00 00 1.0 1 *mod3
12250802 0.0 110 11.0 0.0 0.0 0.0 0.6 1.0 3 *mod 3
12250803 00 11.0 11.0 0.0 0.0 0.0 0.0 1.0 4 * mod3
12250804 0.0 110 11.0 0.0 0.0 0.0 0.0 1.0 5* mod 3
12250805 0.0 11.0 11.0 0.0 0.0 0.0 0.0 1.0 6* mod 3
12250806 0.0 11.0 11.0 00 00 00 0.0 1.0 7 *mod 3
ity e R R R e R e
* lower core support structure station 96.44 to 116.9]

* includes core support barrel lip , lower core support

* structure , and fuel module lower end boxes

FERRNRA AN NI T AR SRR AR R AR RN A SRR NRANARE IR NON RN

12260000 | 7 2 1 0.282
12260100 0 I

12260101 6 03

12260201 4 6

12260301 0.C 6

12260401 5580 7

12260501 225010000 O i I 0.52 i
12260601 © 0 0 1 0.52 1

12260701 © 00 0.0 0.0 1
12260801 0.0 11.0 11.0 00 00 00 0.0 1.0 1 *mod3
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* active core station 116.9] 10 182,94
R RN R RN AN NN I NN A AT A AR IR NEREY

R e Y Y PRt T ey

12500000 1 11 2 1 0.38]
12500100 0 !

12500101 10 0.419

12500201 5 10

12500301 0.0 10

12500401 558.0 11

12500501 250010000 0 1 1 0854 |
12500601 0 0 0 1 0.854 1

12300000 3 10 2 i 0.0
12300100 0 I

12300101 5 4. 647¢-3

12300102 | 47423

12300103 3 5.359¢-3

12300201 | 5

12300202 2 6

12300203 3 9

12300301 1.0 5

12300302 0.0 9

1230040) 5580 10

12300501 © 0 0 1 3. 3
12300601 230010000 0 | I 7254 |}
12300602 230020000 0 ! l 725.1 2
12300603 230030000 0 I 1 7251 3

12300701 1000 041209 00 0.0 I
12300702 1000 0.44565 0.0 0.0 P
12300703 1000 0.14226 0.0 0.0 3

12300901 0.0124 110 11.0 00 00 0000 1.03 *mod 3

e T ST Rt et I

* upper core support structure station 190.5 1o 234.5

l‘.’l'l..lllll’!t‘l!l'll!ll.l!llOl‘l"l!.‘llltll“t

12400000 | 7 2 1 0.282
12400100 © i

12400101 6 0.31

12400201 4 6

12400301 0.0 L]

12400401 558.0 7

12400501 240010000 0 ! 1 L8 1
12400601 0 0 0 1 118 !
12400701 0© 0.0 0.0 00 1

12400801 0.0 110 110 00 0.0 0.0 0.0 1.0 1 * mod 3

‘l...‘.!l'l“.'.ll‘.ltl"’llltll.l"lt‘llt.l‘i"l.'

* fuel modules station 187.6 1w 258 4
R L .

12460000 | 5 1 I 0.0
12460100 0O I

12460101 4 001

12460201 4 4

12460301 0.0 4

12460401 5580 5

12460501 245010000 0 ! i 1.8 1
12460601 246010000 O ] I 1.8 1
12460701 © 0.0 0.0 1.8 1

12460801 0.0 11.0 110 00 0.0 00 00 1.0 1% mod 3
12460901 0.0 11.0 110 00 0.0 0.0 00 1.0 1* mod 3
t'l..l'l."l"lll'lltIllllt"llt..tl‘.t'l..‘ll.‘l'l
* core support barrel - upper plenum lower volume

* station 264 w0 297.6

* reactor vessel not modelled sbove botiom of nozzles

* the vessel to filler gap is assumed to insulate the vessel

* from the filiers the vessel to filler gap s not modelled

* at this elevation

12500701 0 0.0 0.0 0.0 i
12500801 0. 11.0 11.0 00 0.0 0.0 0.0 1.0 1*mod 3

R TP it eI

* internals upper plenum

R S e TS TRttt I

12510000 2 5 1 | 0.0
12510100 © 1
12510101 4 0.005

12510201 4 Kl
12510301 0.0 4
12510401 5580 5

12510501 250010000 0 1 | 1.0 1
12510502 250010000 0 1 1 1.0 2
12510601 0 0 0 1 1.0 2

12510701 0 0.0 0.0 0.0 2

12510801 0.0 11.0 11.0 0.0 0.0 0.0 0.0 1.0 2* mod 3
"8.lt.‘l'llilllltl’llltlll.'tlllltttltt.l‘l!‘:.tl‘
* core support barrel - upper plenum top volume

* station 297.6 w 325

* reactor vessel not modelied above bottom of nozzles

* the vessel to filler gap is assumed to insulate the vessel

* from the fillers. the vessel to filler gap is not modelled

* at this elevation.
.llil"'lll'tl'ﬂIll.ll‘ll'...tﬂ.'l."!.l.l.l..t"l'

BERSXASRES

12501000 | 21 2 I 0.38]
12501100 0 1

12501101 20 0.728

12501201 § 20

12501301 0.0 20

12501401 5580 21

12501501 250010000 0 1 | 0712 1
12501601 © 0 0 1 0712 1

12501701 © 0.0 0.0 0.0 |
12501801 0.0 110 11.0 0.6 0.0 00 0.0 1.0 | * mod 3

ll“t'l'.l'ill.Q"ll‘l‘tl..'ltlll.‘.llll‘.l‘tl'll.l

* upper head top plate station 325

l’ll.llllll“t‘ll"llllt.lll"ll"'l"t.l.l“l‘tl’(

12550000 1 21 1 1 0.0
12550100 © l

12550101 20 0.474

12550201 § 20

12550301 0.0 20

12550401 5580 21

12550501 250010000 0 l 1 0712 1
12550601 939 © 3949 1 0712 1
12550701 © 0.0 0.0 0.0 i
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12550801 00 11.0 }1.0 00 00 00 00 10 | *mod3

AN TR R RN T E R RS AR AR NN RN RE R IO XA RERRENENIRY

* broken loop hot leg piping heat structures

FRERE AR A AN E AN AN E NN ARE AR TN A RN R RN R A RN RN R TRRI N RN

13150000 2 1 2 1 0.0515
13150100 0 1

13150101 10 0.0705

13150201 4 10

13150301 0.0 10

13150401 5400 11

13150501 315010000 0 ) 1 0.4054 1
13150502 315020000 0 ] 1 0.5265 2
13150601 929 0 3979 1 0.4054 |
13150602 -939 0 3979 i 0.52658 2
13150701 0 0 0 0 2

13150801 00 11.0 110 00 00 00 00 10 1 *mod3
13150802 0.0 11.0 11.0 CO 00 00 00 1.0 2*mod3

l"‘l.l‘.l'l]'ﬁ'@ | 11 2 l
0.0550

13151100 © |

13151101 10 0.0705

13151201 4 10

13151301 0.0 10

13151401 5400 11

13151501 315090000 0 i | 0.0120357 |
13151601 -939 0 3979 | 0.0120357 !
13151701 © 0 0 0 1

13151801 0.0 110 110 00 00 00 00 10 | *mod?
EEFAARRINERENES RN

13152000 1 11 2 1 0.0660
13152100 0 1

13152101 10 0.0840

13152201 4 10

13152301 0.0 10

13152401 5400 1!

13152501 315110000 0 1 I 0.00836 1|
13152601 -939 0 3979 i 0.00836 |
13152701 © 0 0 0 |

1315440] 540.0 11

13154501 315120000 0 1 1 0.0525 1
13154601 -939 0 3979 | 00525 1
13154701 © 0 O 0 1

13154801 0.0 110 11.0 0.0 00 0.0 0.0 1.0 1 *mod3
AFELTARLRENLINTANNGES

13155000 1 11 2 i 0.1420
13155100 © 1

13155101 10 0.1780

13155201 4 10

13155301 0.0 10

13155401 5400 1)

13155501 315100000 0 1 1 0.0489057 |
13155601 -939 0 3979 | 0.0489057 |
13155701 © 0 0 0 1

13155801 0.0 110 110 00 00 00 0.0 10 | *mod3
» xs ERENTRRN

* nozzle piping

FEREATERIERIEERN2RENS

1300000G 3 1 2 | 0 1420
13000100 0 i

13000101 10 0.1780

13000201 4 10

13000301 0.0 10

100401 5400 11

13000501 300010000 0 i | 0.876 1
13000502 305010000 0 1 1 069 2
13000503 310010000 O 1 I 1424 3
13000601 939 0 3979 1 0876 1
13000602 -939 0 3979 H 0698 2
13000603 -939 0 3979 1 1.424 3
13000701 © 0 0 0 3

13000801 0.0 110 11.0 00 00 00 00 1.0 |1 *mod3
13000802 0.0 11.0 11.0 00 00 00 00 10 2*mod 3
13000803 00 11.0 11.0 00 00 00 0.0 10 3*mod3
FEASRLERNTAI R A EERTAASRARNESNRER .

* broken loop coid leg

EEESER IR R TR SRR NN EARENTRARESS IR ARSI LARRARTLRTSRITAES

13152801 0.0 11.0 11.0 00 00 00 00 1.0 1 *mod3

EERERAENRRIEFANLAINCDS

* nozzle piping

FEARRRFAERATRIRNERANS

13350000 3 11 2 1 0.1420
13350100 © 1

13350101 10 0.1780

13350201 4 10

13350301 0.0 10

13350401 5400 11

13350501 335010000 0 1 1 0.7495 1
13350502 340010000 0 1 1 0698 2
13350503 345010000 0 1 1 0974 3
13350601 939 0 3949 i 0.7495 1
13350602 939 0O 3949 1 069 2

13350603 939 0O 3549 1 0974 3
13350701 © 0 0 0 3

13153000 6 1 2 1 01835
13153100 0 i

(3153101 10 02285

13153201 4 10

13153301 00 10

13153401 5400 11

13153501 315030000 10000 | 1 0108 6
13153601 939 © 3979 1 0108 6
13153701 © 0 0 0 6

13153801 0.0 11.0 110 00 00 0.0 0.0 10 6* mod3
PRI ESAEILARNARANNER S

13154000 1| § 2 1 01285
13154100 0 |

13154101 10 01620

13154201 4 10

13154301 00 10

13350801
13350802
13350803

-A22-

00 :'0 11.0 00 00 00 00 1.0 1 *mod3
00 110 1.9 00 00 00 00 1.0 2*mod3
0.0 110 11,0 0.0 00 00 00 10 3*mod3



FEXNREATARNARIERRNEN S

13501000 | 1 2 I 0.0550
13501100 0 1

13501101 10 0.1780

13501201 4 10

13501301 0.0 10
13501401 5400 11

13501501 350010000 0 1 1 0488 |
13501601 939 0 3949 1 0488 1
13501701 © 0 0 0 |

13501801 0.0 110 110 00 0.0 0.0 00 1.0 |1 * mod 3

FEXEREXALLENERNIRUER S

13502000 | 11 2 I 0.0865
13502100 0 1

13502101 10 0.1095

13502201 4 10

13502301 0.0 10
15502401 5400 ||

13502501 350020000 0 1 ] 1.6085 |
13502601 939 0O 3949 | 1.6085 |
13502701 © 0 0 0 1

13502801 0.0 11.0 110 00 00 00 0.0 1,0 1 *mod3

IOCOOO..l.“"ll‘.i.l‘t..lll.“t.ll'l‘!'l.ltl‘ltl..

* reflood assist piping and valves [rabvs]

'......l‘...l"ll‘l‘l‘t.'lll‘.l'tt't"'tltll'.‘l’"‘ll’

14151601 -939 0 3969 1 0362 |
14151701 © 0 0 Q 1
14151801 0.0 11.0 11.0 00 00 0.0 0.0 1.0 1 *mod 3

S TSP SNSRI, WS R L

* vessel sides - large diameter section

e ianat St DR P TSI, (RSN
14152000 7 1 2 1 0.42291
14152100 0 1

14152101 10 0.49911

14152201 § 10

14152301 G.0 10

14152401 617.0 11

14152501 415010000 0 I 1 0224 1
14152502 415020000 10000 | i 0403 3
14152503 415040000 10000 | 1 0207 §
14152504 415060000 10000 | 1 0.1705 7

14152601 939 0 3969 1 0224 1
14152602 939 0 3969 1 0403 3
14152603 939 © 3969 1 0.207 §
14152604 -939 0 3969 ! 0.1705 7

14152701 © 0 0 0 7
14152801 0.0 11.0 11.0 0.0 00 0.0 00 1.0 7* mod3

LSS RS DRSS T pRER W

* vessel sides - small diameter section

e [ o SNBSS NS RN SO

13700000 4 11 2 1 0.111 14162000 | 11 2 I 0.2032
13700100 © | 14162100 © 1

13700101 10 0.1365 14162101 10 0.3683

13700201 4 10 14162201 § 10

13700301 0.0 10 14162301 0.0 10

13700401 5400 11 14162401 617.0 It

13700501 370010000 0 1 1 200 1 14162501 415080000 0 | 1 0.118 1
13700502 375010000 0 1 1 1 10567 2 14162601 -939 0 3969 1 0.118 1
13700503 380010000 0 1 i 1.101804 3 14162701 © (4] 0 0 !

13700504 385010000 0 ] i 3.04201 4 14162801 0.0 11.0 11.0 0.0 0.0 0.0 0.0 1.0 | * mod 3
,37“! _939 0 3979 l zw ' ll‘tlll‘.lll.'ll‘.ll.'ll’llI‘t".‘lll‘l‘ll“"‘.l'l
13700602 939 0o 3979 i 1.10567 2 * pressurizer heaters

IJWS ”9 0 39‘9 ’ IIO’W 3 t'..8‘8"...'..3."‘.'l'll"lt‘ll.t....l"..”‘....
13700604 939 0 3949 1 304201 4 14172000 12 9 2 1 00

13700701 © 0 0 0 4 14172100 0 i

13700801 0.0 110 110 00 00 00 00 1O 1 *mod3 14172101 3 401323

13700802 00 110 110 0.0 0.0 00 0.0 1.0 2% mod3 14172102 2 4.3942¢3

13700803 0.0 110 110 00 00 00 00 1.0 3%mod 3 14172103 1 5.6642¢-3

13700804 0.0 110 110 00 00 00 00 10 &4» mod 3 14172104 2 8.3820e-3
l.l'..‘."‘....l’!.‘ll‘I‘O..l'..3'8........"".". l‘l7m| '7 3

* pressurizer heat structures 14172202 8 5
."l‘.‘.l"l.'.ll"l'.l‘ll""l'tt‘ll.‘ll‘l...ll"' l‘l"m 7 6

* vessel botlom 14172204 4 8

e dhenes S SRS PESRSIRY (RS FOSPNS TORER DN 14172301 0.0 3

14151000 | 1 1 I 0.0 14172302 1.0 -

14151100 0 I 14172303 0.0 ®

14151101 10 0.0762 14172401 6176 9

14151201 § 10 14172501 © 0 0 | 0.609 12
14151301 0.0 10 14172601 415020000 0 1 H 0.6006 12
1415140) 6170 11 14172701 417 1.0 0.0 00 9 *eyeli
14151501 415010000 0 | ] 0.362 1 14172702 418 1.0 0.0 0.0 12 *backu
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14172901 1.6764e-211.11. 0. 0. 6 0. ). 12 *mod3
FEANAEA BRI AN SR IR AAARIARITTARRAANRSIAANTREITREINN LS
* pressurizer cycling heaters

* pressurizer backup heaters

AW el

NN JRGINE"S RUOCAT SRR TRISNI SRR e

14201000 | 11 2 1 0.2032
14201100 © i

14201101 10 0.3683

14201201 5 10

14201301 00 10

14201401 617 I

14201501 420010000 0 ! i 0.118 1
14201601 -939 0 1969 1 0.118 1
14201701 © 0 0 0 l

14201801 00 110 11000 00 20 00 1.0 | *mod3
14202000 1 I 1 I 0.0
14202100 © 1

14202101 10 0.18415

14202201 § 10

14202301 0.0 10

14202401 617 1

14202501 420010000 O 1 1 013 i
14202601 939 0 3969 | 0.13 1
14202701 © 0 0 0 i

14202801 0.0 11.0 i10 00 00 00 00 1.0 1*mod3

AVEEA AN AN AR R RSN N P AN AR A AT E R AAR AN RND RN EANE TN RS

*  steam gencrator heal structures
AAERERE AP RS AR A S SRR ERARRLTASAXI I RATNRER IS S22

* shroud secondary side steam generator -upper section
* SE TR, R

. st ooy 2 i FA e 8 O

15000000 3 4 2 ! 0 3048
15000100 © 1

15000101 3 0.314325

15000201 5§ 3

15000301 0.0 3

15000401 5400 4

15000501 500010000 ¢ 1 ] 07725 1
15000502 505010000 0 1 1 07728 2
15000503 510010000 O 1 1 0.152 - 3
15000601 520010000 0 I i 077128 1
15000602 515080000 0 | 1 0.7725 12
15000603 515070000 0 ] | 0.152 3

15000701 © 0.0 0.0 0.0 3

15000801 0.0 11.0 110 00 00 0C 00 1.0 3*mod3
15000901 0.0 11.0 110 0.0 00 0.0 00 i0 3* mod3
ISR IR (R, TS TSSO, St o

* shroud - lower section
* SR N, P

1, R

15150000 4 - p 1 0.6445
15150100 © i

15150101 3 0.6572

15150201 § 3

15150301 0.0 3

15150401 5400 4

15150501 $10010000 O 1 1 0152 1

15150502 515010000 10000 | 1 07113 4
15150601 515070000 0 1 1 0.152 |
15150602 515060000 -10000 | 1 07113 4
15150701 © 0 0 0 4

15150801 0.0 110 11.0 00 0.0 00 0.0 1.0 4 *mod3
1515091 0.0 110 110 00 00 00 00 10 4*mod3

e B Tt B B B Lo B
* vossel wall

R i B B B B B S
15300000 8 10 2 1 0.7112
15300100 © 1

15300101 9@ 0.765165

15300201 S 9
15300301 0.0 9
15300401 5300 10

15300501 530010000 0 1 1 0.162 1
15300502 525010000 0 1 I 0762 2
15300503 500010000 0 1 1 0718 3
15300504 505010000 0 1 | 0718 4
15200505 510010000 0 i 1 0518 5
15300506 515010000 10000 1 1 07102 8
15300601 -939 0O 3959 ) 0762 2
15300602 -939 0O 3959 ] 0718 4
15300603 939 O 3959 1 0518 5
15300604 939 0 3959 1 07102 8

15300701 O 0.0 0.0 0.0 8
1530080 0.0 11.0 11.0 0.0 0.0 0.0 00 1.0 8*mod3

ERNTLTRBATAISIARIFRRETAINTRRANY Eraxray
*
*  heat structure thermal property data

FEAS AL LIRS I ARSI AAEAFINAIFARSLARRAZILINAENSARTIARIAN

. SUSIRE NP WRISRTS SUDQuT, Ney, (g (S

20100100 thi/fetn | 1 * w02

20100200 thi/fetn | 1 *gap

20100300 thl/fetn | (N

20100400 thi/fotn | I * s-steel

20100500 c-steel

20100600 thi/fetn | 1 * inconel 600
20100700 tbi/fete | 1 * mgo

20100800 thl/fetn | 1 * nier

e L B B e B B
* uo? - thermal conductivity

B e B B L L

20100101 2.7315¢2 B.44

20100102 4 16672 6.46

20100103 5.3315¢2 5.782385
20100104 6.99817¢2 4.633177
20100105 B8.66483¢2 3 880307
20100106 1.03315¢3 3.357625
20100107 1.08871e3 3 155129
20100108 1.19982¢3 2.983787
20100109 |.28315e3 2.836674
20100110 1.36648¢3 2.713792
20100111 1.53315¢3 2.521680
20100112 | 61648¢3 2 442990
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‘Ut e et abe

20100710
20100711
20100712
20100713
20100714
20100715
20100716
20100717
20100718
20100719
20100720
20100721
20100722
20100723
20100724
20100725
20100726
20100727
20100728
20100729
20100730

20100751
20100752
20100733
20100754
20100755
20100756
20100757
20100758
20100759
20100760
20100761
20100762
20100763
20100764
20100765
20100766
20100767
20100768
20100769
20100770
20100771
20100772
20100773
20100774
20100775
20100776
20100777
20100778
20100779
20100780

Oy s pme st e - B i ] o i s

866 48 01987
92204 01934
97759 0.1882
1033.15 0.1830
1088.71 0.1777
1144.26 0.1725
1199.82 0.1673
1255.37 0.1621
131093 0.1568
1366 48 0.1516
142204 0.1464
147759 0.1412
1533.15 0.1359
1588.71 0 1307
1644.26 0.1255
1699.82 0.1203
175537 0.1150
181093 0.109%8
1866 48 0 1046
1922.04 0.0993
5000.00 0.0993

A R, e

* magnesium oxide -

37348 . 2033.52
42204 2004 .59
47759 1917.74
533.15 1938.87
588.71 190601
644.26 1873.15
699.82 184029
755.37 1807.43
81093 177456
866.48 174170
92204 1708 84
977.59 167596
1033.15 1643.11)
1088.71 161025
1144 .26 157739
119982 1544 .53
1255.37 1511.67
1310.93 1478 80
1366 48 1445 94
1422.04 141308
1477.59 1380.22
1533.15 134735
I1S88.71 1314.49
1644 26 128) 63
1699.82 124877
1785.37 1215.9%0
181093 1183.04
1866 48 1150.18
1922.04 111732
500000 1117.32

b Feierts it e e L3
volumetric heal capacity

R R LR, VPN IS R T,

* nichrome - thermal conductivity

KPP FRIPPIP, PR WEWSIREE SSQU: SRR, e

20100801 373.15 1.1163
20100802 1922.04 1.1163
20100803 500000 1.1163

B e e o B B L P
* nichrome - volumetric heat capacity
e e L B e B

20100851 373.15 2180.80
20100852 1922.04 2)80.80
20100853 5000.00 2180.80

B el B e B B B L
* pressurizer cycling beaters
B il spmimee stvnfonss snsomsy sintfomse sriofvate

20241700 power 608
20241701 0.0 0.0
20241702 60. 4.3

e S B e B el S
* pressurizer beckup haters
| JHSUSEIY SOSUSUS, SO PINIEIR, (R SRS, S

20241800 power 629
20241801 00 00
20241802 60.  4.¢3

e e B B e LTl B
¥ scram reactivity data
B e S B B e L

20260900 “reac-t " 609
20260901 0.0 00
20260902 0.5 0.5
20260903 0.59 -3.13
20260904 0.65 -3.95
20260905 0.75 -6.27
20260906 083 -B.72
20260907 0.90 -12.00
20260908 0.97 -17.12
20260909 1.125 -20.67
20260910 1.213 -22.10
20260911 1.3 22,78
20260912 1.4 -23.17
20260913 1.6 -23.32
20260914 600 23,32

e e B B B Bt S
* reactor power table

R e e B B B e
20290000 power

20290001 0.0 48 9¢6

L SIS [NOSETEE Fm, (s S B e
* environmental heat loss boundary tvmperature
el e B B B s S
20293900 1emp

20293901 0.0 3110

e e L B e B
* reactor vessel environmental loss b a xfer coefficient
e B B B L B
20294900 hte-t

20294901 0.0 13.450

e S e B L B et B
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 geniies 1 ai

* steam generator environmenta) loss heat xfer coefficient
SO SYERSESUITES, TIPSR, KRNI, U T
20295900 hte-t

20295901 0.0 3.385

, OSSO, PRCSNS, FRIDRISSY ISR (LRI, NN R

* pressurizer generator cnvironmental loss beat xfer coefficieat
hear RS PRSP RSOSSN IENIPONN SR
20296900 hic-t

0296901 0.0 Jole

o T o s e e oo it oot i o e

* bikl euvironmenial loss heat xfer coefficient

e T T (NSRS N SHPRA (S S

20297900 hiet 509
20297901 -1.0 0.0
20297902 0.0 13.450

R S N TS T Il

core collapsed liquid level
.'3.‘.".'........l".'lllll..'..l'..ll‘.“l.'....‘
20255000 normares 0 1.0 1.0

20255001 0.0 9.25¢-4

20255002 9.25¢-4  9.25¢-4

20255003 16 1.0

20290000 power 609

20290001 0.0 48 9c+6
20290002 0.15 43.032¢6
20290003 0.3 37 164e6
20290004 0.6 28 36206
20290005 0.85 § 60646
20290006 1.0 5 995386

20290007 1.3 4 896
20290008 2.0 4 27466

20290009 4.0 3.706033 26
20290010 7.0 3.1296¢6
20290011 10.0 2.93458e6
20290012 250 2.28548¢6
20290013 €5.0 1.7115¢6
20290014 100.0 1.5425994¢0
20290015 250.0 1.23276%96
20290016 650.0 0.91932e6
20290017 1000.0 0.80196et
20290018 1500.0 0 684606
20290019 30000 0.5379e6
0290020 5000.0 0 449886
Q‘I'....'.'l."'ll..."l"l‘l’l..l‘l‘:tll'l.ll’.l...
- reactor kinetivs data

.

.'.Q.IISl.I'.lllllll'l‘l"l‘.!t‘Ill.l“t!tl‘l‘ll'l*

30000000 point

30000001  gamma-ac 49 6e+6 00 348 .43 1.0
0.556

30000002 ans79-1

e shoud ot be changed for transient

‘.lll...."““‘.‘l'll..l.!l'lI*l.l.ltl!l.l.l.....!

* delayed neutron constants

"..ll‘.'l...l.‘I‘lllltt..lll‘l""t.‘t.l“l...l.‘.

30000101 0.0349 001275

30000102 02035 0.03177
30000103 0.1848  0.1181
30000104 04046 03160
30000105 0.1401 1.402
30000106 00321 3914

R e T T f I T

power history

R S STt T
30000401 4.96e+7 70 hs

¥ ~oeeeeseeee should be changer for transient as 4 §9¢+7
e T T e TSIt
* reactivity curve numbers
R I T e ittt
30000011 609

R e e e S I T s
moderator density reactivity table

R T P e P It i ]

*30000501 0818 4428
*30000502 0905 -2.249
*30000503 0955 -1.032

*30000504 1000  0.000
*30000505 1.044 0.926
*3000050¢ 1.095 1.853
*30000507 1.139 2.589
*30000508 1.213 3.689
*30000509 1.270 4 489
30000510 1316 5.212

R S ittt
daoppler reactivity table
C.“.ll‘l't.C.il.ll..ISl"l'll'l!t'll".....l.'.'83
*30000601 293.16  1.375

*30000602 338.72 1.1258

*30000603 42205 0.682

*I0000604 47760 0419

*30000605 50538 0.274

*30000606 570.72  0.000

*30000607 S88.72 -0.075

*30000608 69583 .0.526

30000609 92205 -1.386

*30000610 131094 .2.543

*30000611 1810.94 .3.86%

*30000612 2088.72 -4.502

*30000613 249983 .5.392

30000614 3027.60 6417

.Oll‘.’U..l."tl..‘lll‘.‘ll.lll‘ll.t!l'lll.""‘ll.

* moderator density reactivity table
t.l"'.‘llll'..llll.'.‘l‘&ll!lltiti.‘lllt.‘.‘lllltl
30000501 0.818 0.0

30000502 0.905 0.0

30000503 0.955 0.0

30000504 1,000 0.0

30000505 | 044 0.0

30000506 1.095 0.0

30000507 1.139 0.0

30000508 1.213 00

30000509 1.270 0.0
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20542700 pvgstm  div 1.0 00 i
20542701 rhog 420010000 p 420010000

.

20542800 hgstm  sum 10 0.0 1
20542801 0.0 1.0 ug 420010000
20542802 1.0 cotrlvar 427

Ll

20542900 xhgstm  mult 1.0 0.0 1
20542901 quals 420010000 cotrivar 428

*

20543000 xhfstm  mult 1.0 0.0 |
20543001 quals 420010000 cntrlvar 426

*

20543100 yhistm  sum 1.0 00 1
20543101 0.0 1.0 cntrivar 426

20543102 1.0 entrivar 430

*

20543200 hsteamm  sum 1.0 0.0 )
20543201 0.0 1.0 cntrivar 429

20543202 1.0 entrivar 431

*

20543300 brkpwr  mult 10 0.0 1
20543301 mflow) 425000000 cotrivar 432

,

20543400 brkflow wtegral 1.0 0.0 1
20543401 mflow) 425000000

ey BT S I U R T LI
T 011 -031 heat transfer rate caloulntor

Wit roiilbaiis e sremn Jusse ot Passstmese J bvorn! oianc] Snes
*  heat added 1o pes from core

| N o e S TR IS,
20511100 corhittr  sum 1.0 0.0 1
20511101 €0 24374 hirnr 230000101
20511102 24,374  htrae 230000201
20511103 24374 htenr 230000301
e L B B B e B
*  heat removed from pes at o s/g tubes

20511200 sghitr  sum 1.0 00 }
20511201 0.0 44 824  htrnr 006000100
20511202 44 824 btear 006000270
20511203 44 824 htrnr 006000300
20511204 44 824 bunr 006000400
20511205 44 824 unr  0OG000500
20511206 44 824 htme 006000600
e e e e S e B
*  heat loss from reactor vessel

B soioall wainr el amn lan Jorbers e . i Jrbseita o i
20511300 rvhear  sum 1.0 0.0 1
205811301 0.0 23244 htror 211000101
20511302 $.25183 htenr 211000201
20531303 3.56335 heenr 211000301
20511304 159598 htrnr 212000101
20511308 4964)1 htrnr 212000201
20511306 496411 bhtrar 212000301

A

=

20511307 1.86543 htrnr 212000401
20511308 191724 hunr 212000501
20511309 1.68000 himr 220000101
20511310 0.71200 hunr 255000101

e e R B L B EE ) EE
*  heat loss from par

L et L B B B B
20511400 pzrheat sum 1.0 0.0 1
20511401 0.0 0362 htrar 415100101
20511402 0.702464 hirnr 415200101
20511403 1.26381 htrnr 415200201
20511404 1.26381 htrae  41520030)
20511405 0.649152 htrnr 415200401
20511406 0.649152 htenr 415200501
20511407 0.534688 htenr 415200601
20511408 0.534688 btrar 415200701
20511409 0.273063 hunr 416200101
20511410 0.130000 htrar 420100101
20511411 0.273063 hunr 420200101

i e B B B S B
¥ heat loss from /g

L e e Bt LS B B
20511500 sgheat sum 1.0 0.0 1
20511501 0.0 3.5343  htenr 530000101
20511502 3.5343  htror 530000201
20511503 3.33022 huar 530000301
20511504 3.33022 hunr 530000401
20511505 2.40258 htenr 530000501
20511506 329404 htrnr 530000601
20511507 3.29404 hwor 530000701
20511508 3.29404 btror 530000801
e e o B B s L
*  toal heat loss from major components

B T B B B B

20511600 totheat sum 1.0 0.0 1

20511601 0.0 1.0 cntrivar 113

20511602 1.0 entrivar 114

20511603 1.0 catrlvar 115

L e B B B ] B
* heat loss from broken loop hot leg

R e et B e e S E

20511700 blhinear sum 1.0 0.0 1

20511701 0.0 0.97972 htrar 300000101
20511702 0.78065 htror 300000201
20511703 1.59260 btrmr 300000301

L e B B B Bt e
*  heat loss from broken loop cold leg

e B B e e e R
20511800 biclheat sum 1.0 00 1
20511801 0.0 0.83825 htrnr 335000101
20511802 078065 hienr 335000201
20511803 1.0893  htrar 335000301

B e B B e B
*  heat loss from rabs Niping

s e B B e B L

20511900 rabheat sum 1.0 0.0 1
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gt

20525315 1.23842 htrnr 225000400
20525316 2.10738 htenr 225000500
20525317 0721681 hunr 225000600
20525318 1.0 cotrlvar 251

20525319 1.0 entrivar 252

L B e EEERE Ee e
*  metal heating in broken foop  (1st part)

Bt il v it hanpe i G g e s Bt s i

20512600 bklpmht sum 1.0 0.0 1

20512601 0.0 0.157878 btenr 300000100
20512602 0.622764 htenr 300000200
20512603 1.27051 hienr 300000300
20512616 0.668712 htrnr 335000100
20512617 0.622764 humnr 335000200
0512618 0.869015 bhtrnr 335000300
e e B B e B L
* metal heating i broken loop

L e o B B B B
20512700 bkipmt sum 1.0 00 1
20512701 0.0 1.39487 hirnr 370000100
20512702 0771131 htrmr 370000200
20512703 0.768435 htrar 370000300
20512704 212160 hirne 370000400
20512705 1.0 catrivar 126

B [ B el e
*  metal heating in intact loop hot leg

I chran s e s S sncse s b s i i P
20512800 ilhimht  sum 10 0.0 1
20512801 0.0 1.3716 htrmr 100100100
20512802 1.45787 hune 100100200
20512803 (.55548 btenr 100100300
20512804 1.28345 htrar 100100400
20512805 0.72288 bhtrnr 100200100
20512806 14772  hror 100400 100
Bt N nas. sial e it ekt i e e, mitess] s

*  metal heating in intact loop cold leg

20512900 iicimht

20512901 0.0 0.614734 htrar 100100500
20512902 0.498747 hurnr 100100600
20512903 0678081 htrnr 100100700
20512904 0 443073 htrns 100100800
20512905 0498747 htrnr 100100900
20512906 0.546926 btenr 100101000
20512907 0.625441 htrar 100101100
20512908 1.30352 htene 100101200
20512909 0 558497 hienr 100200200
20512910 0 678584 htrar 100300100
20512911 0.310113 htenr 100300200
20512912 0.340649 htenr 100300300
20512913 0.955718 htene 100200400
20512914 0.680620 htenr 100300500
20512915 0310113 hear 100300600
20512916 0.348792 htenr 100300700
20512917 14772 hunr 100400200
e e L B B B B

sum 1.0 0.0 1

1-

*  metal heating 1o broken loop simulators

Bt o sl Fantor. ool inct o Lo sl sioss s faibahs e fovern
20513000 bihisim sum 1.0 00 i
20513001 0.0 01312 htar 315000100
20513002 0.1703  htrnr 315000200
20513003 0.0042 htar 315100100
20513004 0.00347 htrnr 315200100
20513005 0.12452 otrnr 315300100
20513006 0.12452 htrar 315300200
20513007 0.12452 bhtenr 315300300
20513008 0.12452 htrar 315300400
20513009 0.12452 htrnr 315300500
20513010 0.12452 hunr 315300600
20513011 0.04239 htrnr 315400100
20513012 0.04363 hunr 315500100
e e B B B
* metal beating in steam generator

e D e et e
20555100 sgmthl  sum 1.0 0.0 !
20555101 0.0 1.47943 htror 500000100
20555102 1.47943 bhtrnr 500000200
20555103 0.291097 htrnr 500000300
20555104 1.52566 htror  SO0000101
20555105 1.52566 htrnr 00000201
20555106 0.300194 htrnr 500000301
20555107 0.615526 harnr 515000100
0555108 2.88042 hunr 515000200
20555109 2.88042 htrnr 515000300
20555110 2.88042 htenr 515000400
20555111 0.627655 hunr 515000101
20555112 293718 heear 515000201
20855113 293718 birnr 515000301
20555114 293718 htenr 515000401

.

20555200 sgmthl sum 1.0 00 l
20555201 0.0 3.40507 btenr 530000100
20555202 3.40507 heemr 530000200
20555203 31.20846 htrnr 530000300
20555204 31.30846 hirnr  S30000400
204555208 2.31474 hirne 530000500
20555206 3.17360 horar 530000600
20555207 317360 henr 530000700
20555208 317360 htrar 530000800

CTONE Y TR (NI S IS, JRRTR P
*  pes-tubesheet heat transfer

B D e B B
20513200 pestub  sum 10 0.0 |
20513201 0.0 56,4226 htmr 115100100
20513202 564226 heenr 115100200
20513203 0.157962 brne 115200100
20513204 0.157962 htenr 115200200
L B T B i B
*  ubesheet-scs heat transfer

L B T B el B B
20513300 tushscs sum 1.0 00 i
20513301 00 0.157962 htrnr 115200101

-A32-



115200201

20513302 0.157962 htear

B ot i iy f et st ebuerf i

* metal hx in rabs

By v ciuem § e o v i e ot s

20517000 rabs sum 1.0 0.0 I

20517001 0.0 139487 hirne 370000100

20517002 077113 bhunr 370000200

20517003 0.77278 htrnr 370000300

205 17004 212160 htrne 370000400
t‘!"l‘lll‘llll..tllllll.ttl..lt‘lllll.‘.l...‘ll""
bl total metal hx

R e Y e TR ettty

20517100 gbltotal sum 1.0 0.0 1

20517101 00 1.0 cntrivar 127

¥20517102 1.0 cntrlvar 170

20517103 1.0 entrivar (30 * only for simula

R R T T SRt I

* pes stored energy excluding pressurizer
“t.ll"ll.Il'ttil'llltllttll!llll'tttl.!tlll’l’l‘!

20557000 pesgre sum 1.0 0.0 1

20557001 0.0 1.0 cntrivar 253 * rv metal heat
20557002 1.0 entrivar 113 * rv ambloss
20557003 L0 entrlvar 171 * only for simula
20557004 1.0 entrlvar 117 * blhl ambloss
20557005 1.0 cntrivar 118 * bicl ambloss
20557006 1.0 catrlvar 119 ¥ raby ambloss
20557067 1.0 entelvar 128 * ilhl beat
20557008 10 entrivar 120 * ilhi smbloss
20557009 1.0 entrivar 129 ¥ jic] heat
20557010 1.0 entrivar 121 * ile! ambloss
20857011 10 cntrivar 132 * pes-tubeshest
20557012 1.0 catrlvar 133 * tubesheet-scs

l'.'.l..t.‘llll'tl'."l‘.’lll‘l'..'.'l..l‘.'l"l.'&I

sCh stored energy
l"l'.l'l.'!l'ltlll‘ll.!llilt.lttltltlll.l'l'l'll.‘
20557300 scsgse sum 1.0 0.0 |

20557301 0.0 1.0 entrivar 552 * sg heat
20557302 1.0 entrivar 115 * sg ambloss

“.l‘..".."l‘l'...‘.'t.lt..l!l!‘ll'llll'.".l'lll

* heat Nlow calculations

Ollt!.l'lttﬂ'ltll.t'l‘l!.llllll'llllll..l'l.t"‘ll.l

ece energy flow
‘ll.ll'.l'.".llll'Il.CC"Il‘ll.l.‘lll‘.‘ll'l..l‘l’
20515300 pvecc  div 1.0 0.0 i

20515301 rhof) 630000000 p 6000 10000
26515400 hecc sum 1.0 00 1

20515401 00 1.0 uf) 630000000

20515402 1.0 entrlvar 153
20515500 mdothece mult 1.0 0.0 i
20515501 mflowj 630000000
20515502 catrivar 154
20515600 geco'v  mult  0.126646 0.0 ]
2051560} emtrivar 155
20515700 mdotev mult 0.126646 00 |
20515701 milow] 630000000

‘ll"'..t'l.t.lllllllll’l..l'l‘l".tl!’lliR"li.l"l

sg hx per unit pes volume
ll".l‘ll33'l“l‘l‘llll..ll.l'l.lll.l.lt'llll"ll.l
20516000 qsg/v  mult 0.126646 0.0 1

20516001 entrivar 112

R T R T S TSt I

* core hx per unit pos volume
R S ety

20516100 qeore/v mult  0.126646 0.0 1

2051610! centrlvar 111
8.'."3‘Illl"“‘!lllll...lOl"‘l“."tlt‘l‘l‘l.“l.
pump power

.l.'I'.ﬁl.."!‘O‘l.t“"‘..lll.t.'ll.l.l‘l‘llll'.ll

20516200 pledotv mult  0.04136 0.0 1

20516201 voidgi 135020000
20516202 velg) 135020000
20516203 pmphesd 135

20516300 piedod mult  0.04136 0.0 1
20516301 voidf: 135020000
20516302 valfj 135020000
20516303 pmphead 13§

20516400 pledoty mult 004136 00 |
20516401 voidg) 165020000
20516402 velg) 165020000
20516403 pmphead 165

20516500 pledott mult  0.04136 00 1
20516501 voidf] 165020000
20516502 velfy 165020000
20516503 pmphead 165

20516600 gpmp  sum 1.0 0.0 |
20516601 0.0 1.0 entrivar 162

20516602 1.0 cntrivar 163

20516603 1.0 cotrlvar 164

20516604 1.0 entrlvar (65

20516700 qpmp/v  mult  0.126646 0.0 1
20516701 cntrivar 166

lt‘l.l'.O'lltt"ﬂlttl’l’llll'lllt‘lltt..l'.l“ltt"l

energy to fluid in vessel from structures
lt‘.Cl"..’!lIO.‘l‘."ll’t.t..l...‘ll.“.ll.l..“l.

20562000 rvhx sum 62832 0.0 I

20562001 0.0 0.3080 htrar 205000101
20562002 0.6959 hinr 210000101
20562003 0.6959 humr 210000201
20562004 0.6959  hirnr 210000301
20562005 06959 htrnr 210000401
20562006 0.2615  hunr 210000501
20562007 0.2688 hirne  21000060]
20562008 03107 hunr 211000100
20562009 0.7020 htenr 211000200
20562010 0.7020 htrar 212000100
20562011 0.7020 htrar 212000200
20562012 07030  btar 212000300
20562013 0.6 htrnr 212000400
20562014 0.2 htrar 212000500
20562015 1.0 catrivar 253

r

el e e [SURPRI JSSPSUS, NN SRS S

* total vesse! hx/v
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Appendix B Ioput Deck for Transient Calculation
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