NUREG/IA-0130
CAMP002

International
Agreement Report

Assessment of RELAP5S/MOD3.1
With the LSTF SB-SG-06
Expermment Simulating a

‘Steam Generator Tube

Rupture Transient

Prepared by
Kwang Won Seul, Young Seok Bang, Sukho Lee, Hho Jung Kim

~ Korea Institute of Nuclear Safety
P.O. Box 16, Daeduck Danji
Taejon, 305-600 Korea

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

September 1996

Prepared as part of

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

and Application Program (ICAP)

Published by
U.S. Nuclear Regulatory Commission




AVAILABILITY NOTICE
Availability of Reference Materials Cited in NRC Publications

Most documents cited In NRC publications will be available from one of the following sources: .
1. The NRC Public Document Room, 2120 L Street, NW., Lower Level, Washington, DC 20555-0001

2. The Superintendent of Documents, U.S. Government Printing Office, P. O. Box 37082, Washington, DC
20402-9328

3. The Natlonal Technical Information Service, Springfleld, VA 22161-0002

Althougri the listing that follows represents the majority of documents cited in NRC publications, It is not In-
tended to be exhaustive.

Referenced documents avallable for inspection and copying for a fee from the NRC Public Document Room
include NRC correspondence and internal NRC memoranda; NRC bulletins, circulars, information notices, in-
spectlon and Iinvestigation notices; licensee event reports; vendor reports and correspondence; Commission
papers; and applicant and licensee documents and correspondence.

The following documents In the NUREG series are available for purchase from the Government Printing Office:
formal NRC staff and contractor reports, NRC-sponsored conference proceedings, international agreement
reports, grantee reports, and NRC booklets and brochures. Also avallable are regulatory guides, NRC regula-
tions In the Code of Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents avallable from the Nationa! Technical Information Service Include NUREG-series reports and tech-
nical reports prepared by other Federal agencies and reports prepared by the Atomic Energy Commission,
- forerunner agency to the Nuclear Regulatory Commission.

Documents avallable from public and speclal technical libraries include all open literature items, such as books,
journal articles, and transactlons. Federal Register notices, Federa! and State legislation, and congresslonal
reports can usually be obtalned from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference pro-
ceedings are avallable for purchase from the organization sponsoring the publication cited.

Single coples of NRC draftreports are avallable free, to the extent of supply, upon written request to the Office
of Administration, Distribution and Mail Services Section, U.S. Nuclear Regulatory Commission, Washington,
DC 20555-0001. :

Coples of industry codes and standards used in a substantive manner in the NRC regulatory process are main-
tained at the NRC Library, Two White Flint North, 11545 Rockville Pike, Rockville, MD 20852-2738, for use by
the public. Codes and standards are usually copyrighted and may be purchased from the originating organiza-
tion or, if they are American National Standards. from the American Nationa! Standards Institute, 1430 Broad-

way, New York, NY 10018-3308.

DISCLAIMER NOTICE

This report was prepared under an internationa! cooperative agreement for the exchange of technical informa-
tion. Neither the United States Government nor any agency thereof, nor 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, product, or process disclosed in this repon, or represents
that its use by such third party would not infringe privately owned rights.




NUREG/IA-0130
CAMP002

International
Agreement Report

Assessment of RELAP5/MOD3.1
With the LSTF SB-SG-06
Experiment Simulating a

Steam Generator Tube

Rupture Transient

Prepared by
Kwang Won Seul, Young Seok Bang, Sukho Lee, Hho Jung Kim

Korea Institute of Nuclear Safety
P.O. Box 16, Daeduck Danji
Taejon, 305-600 Korea

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

September 1996

Prepared as part of

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

and Application Program (ICAP)

Published by
U.S. Nuclear Regulatory Commission







Assessment of RELAPS/MOD3.1 with the LSTF SB-SG-06 Experiment
Simulating a Steam Generator Tube Rupture (SGTR) Transient

Abstract

The objective of the present work is to identify the predictability of RELAP5/MOD3.1

regarding thermal-hydraulic behavior during a steam generator tube rupture (SGTR).

To evaluate the computed results, LSTF SB-SG-06 test data simulating the SGTR that occurred
at the Mihama Unit 2 in 1991 are used. Also, some sensitivity studies of the code change in
RELAPS, the break simulation model, and the break valve discharge coefficient are performed.
The calculation results indicate that the RELAPS/MOD3.1 code predicted well the sequence of
events and the major phenomena during the transient, such as the asymmetric loop behavior,
reactor coolant system (RCS) cooldown and heat transfer by natural circulation, the primary and
secondary system depressurization by the pressurizer auxiliary spray and the steam dump using
the intact loop steam generator (SG) relief valve, and so on. However, there are some differences
from the experimental data in the number of the relief valve cycling in the affected SG, and the
flow regime of the hot leg with the pressurizer, and the break flow rates. Finally, the calculation
also indicates that the coolant in the core could remain in a subcooled state as a result of the heat
transfer caused by the natural circulation flow even if the reactor coolant pumps (RCPs) turned
off and that the affected SG could be properly isolated to minimize the radiological release after
the SGTR.
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Executive Summary

The RELAPS code has been developed as one of the best-estimate codes. The code
is based on a non-homogeneous and non-equilibrium model for one dimensional, two-
phase flow. Recently, the RELAPS/MOD3 code development program has been
initiated to develop a code version suitable for the analysis of all transient and
postulated accidents in PWR systems

The objective of present work is to evaluate the predictability of the RELAPS5/
MOD3.1 on major thermal-hydraulic behavior during the Steam Generator Tube
Rupture (SGTR) accident. Such a transient behavior includes following phenomena;
the asymmetric loop behavior, the RCS cooldown and heat transfer by the natural
circulation, system depressurization, and so on. To do this, the calculation results are
assessed and compared with the LSTF SB-SG-06 test data simulating the single SGTR
accident occurred at Mihama Unit 2 in 1991. Also, some sensitivity studies are
performed on items which may have influence on the prediction of the transient
behavior; RELAPS code version, break simulation model and break valve discharge
coefficients. Finally, from these analysis results, the capability of core recovery and
contaminated coolant isolation following the SGTR accident are discussed briefly.

The LSTF is large scale facility which is a 1/48 volumetrical scale of PWR and also
the LSTF test data agreed well with the transient behavior observed in Mihama Unit 2
power plant.  Thus, it is expected that the RELAP5/MOD3.1 can give reliable
calculation results to applicable to real plant if the present calculation predicts well the
LSTF test data. Comparing the present calculation results with the the SB-SG-06 test
data, overall transient behavior predicted by using RELAPS/MOD3.1 was in a good
agreement with the experiment and the following conclusions were obtained.

1) The RELAP5/MOD3.1 predicted well the sequence of events and the major
phenomena during the transient, such as the asymmetric loop behavior, the RCS
cooldown and heat transfer by the natural circulation, primary and secondary system
depressurization by the pressurizer auxiliary spray and the steam dump using the intact
loop SG relief valve, and so on. However, there were differences in some items, such

ix



as the number of the relief valve cycling in the affected SG. the flow regime of the hot

leg with the pressurizer and the break flow rates.

2) The RELAP5/MOD3.1 overestimated the number of the RV cycling in the isolated
SG. In the experiment, the pressurization rate in the affected SG steam dome was
determined as a result of the condensation and compression of the steam by the
ascending SG water level rather than the vaporization. However, the code may not
properly predict this type of the wall and steam-water interface condensation
phenomena. The frequent RV opening had influence on the break flow rate and
caused the overestimated break flow rate. Hence, to obtain the accurate transient
behavior including the break flow rate, it may be necessary to improve the model on
the wall and steam-water interface condensation under superheated situation in the
RELAP5/MOD3.1.

3) The results of sensitivity studies shows that, in the early phase of the transient, the
results using the RELAP5/MOD3.1 agreed better with the experiment than that of the
MOD?3.0 code. Also the break flow rate was sensitive to the break simulation model
and the break valve discharge coefficient. Especially, the break nozzle model based
on the LSTF test configuration provided better agreement with the experiment than the
break valve model. Also, in case simulating the SG U-tube rupture as the break
valves, the discharge coefficient, Ca of the break valves had strong influence on the
break flow rate. '



I. Introduction

A Steam Generator Tube Rupture (SGTR) Accident is initiated from the break of the
barrier between the Reactor Coolant System (RCS) and the secondary Main Steam
System (MSS), which results from the failure of Steam Generator (SG) U-tube. In
general, the degradation of the SG U-tube integrity is caused due to the vibration,
corrosion and crack for the long plant operation. Because the occurrence probability of
the SG U-tube ruptufe is relatively higher than the RCS piping, the issue on the
degradation of SG U-tube integrity has been studied as one of the Unresolved Safety
Issues (USIs) by the USNRC for a long time [1].

In the view point of radiological release, the integrity of the barrier between the RCS
and the secondary MSS is very significant. Such a SGTR accident could provide the
direct release path of contaminated coolant to the environment. Also SGTR accident
induces a rather complex phenomena on the plant responses, such as the asymmetric
loop behavior, RCS cooldown using natural circulation in intact loop, depressurization
of each system and energy transfer between primary and secondary systems. As a
consequence, it is necessary that an operator understand precisely the plant behavior
during the accident and some actions to minimize the radiological consequences be
prepared. Almost all the reports analyzing the SGTR accident clearly show that there
are the substantial operator involvements required to mitigate the consequence of the
events. Such operator actions may include the isolation of the affected SG to contain
the contaminated coolant, the pressurizer power operated relief valve (PORV) open or
auxiliary spray actuation to depressurize the primary pressure, the atmospheric steam
dump in intact SG, high pressure safety injection (HPSI) pumps termination, reactor

coolant pumps (RCPs) restart, and so on.

On February 9, 1991, a single tube in steam generator was ruptured in Mihama Unit
2 in Japan. The Mihama Unit 2 has been operated since 1972, and its nuclear steam
supply system design was supplied by Westinghouse with Model 44 steam generator.
The cause of the tube rupture was reported as the incorrect insertion of anti-vibration



bars, which could not protect the tube from the fatigue by fluid elastic vibration. The
Japan Atomic Energy Research Institute (JAERI) carried out the integral simulation
experiments on the SGTR incident that occurred at the Mihama Unit 2 power station.
The experiment was conducted at the Large Scale Test Facility (LSTF) of the ROSA-
IV Program [2,3]. The objective of the experiment was to provide the detailed
thermal-hydraulic experimental data, that supplement the plant records, to be used for
in-depth evaluation of the SGTR incident and for validation of computer-code. The
experimental results indicated that the sequence of events and the behavior of system
parameters agree well with Mihama Unit 2 records, and confirmed that there is a large
margin in the core cooling capability during the SGTR incident.

The objective of present work is to evaluate the predictability of the RELAPS/
MOD3.1{4] on major thermal-hydraulic behavior during the SGTR accident. Such a
transient behavior includes following phenomena; the asymmetric loop behavior, the
RCS cooldown and heat transfer by the natural circulation, primary and secondary
system depressurization by the pressurizer auxiliary spray and the steam dump using
the relief valve, and so on. To do this, the calculation results are assessed and
compared with the LSTF SB-SG-06 test data simulating the single SGTR accident
occurred at Mihama Unit 2. As mentioned above, the LSTF test data agreed well with
the transient behavior observed in Mihama Unit 2 nuclear power plant. Also, the
LSTF is large scale facility which is a 1/48 volumetrical scale of PWR. Thus, it is
expected that the RELAP5/MOD3.1 can give reliable calculation results to applicable
to real plant if the present calculation predicts well the LSTF test data.  Also, in
present work, some sensitivity studies will be performed on items which may have
influence on the prediction of the transient behavior, such as RELAPS code version
and break simulation model. Finally, from these analysis results, the capability of
core recovery and contaminated coolant isolation following the SGTR accident will be
briefly discussed.

The Chapter II includes a description of the LSTF and experimental conditions and
procedures. A code description and modelling of the facility including nodalization



and control logics are described in Chapter III. The calculation resuits are discussed
in detail with a experimental data in Chapter IV. In particular, the discussion involves
an assessment of the major phenomena during SGTR accident. The code predictability
and run statistics are also described in this chapter. The conclusions obtained through
the present study are summarized in Chapter V. Finally, the RELAP5/MOD3.1 input
deck for steady state run and transient run are attatched as an Appendix A and B,

respectively.



II. Experimental Facility, Conditions and Procedures
II.1 Facility Description

The LSTF is a 1/48 volumetrically scaled model of a Westinghouse type 3423 MWt
four loop PWR[2]. The LSTF has the same elevations as the reference PWR to
simulate the natural circulation phenomena and large loop pipes to simulate the two-
phase regimes and major phenomena in an actual plant. Figure 1 shows the flow
diagram of the LSTF. The facility was designed to be operated at the same pressures
and temperatures as the reference PWR.

The LSTF facility simulates the major components of the PWR primary system (for
example, pressure vessel, pressurizer, SGs, RCPs, etc.) and the reactor protection
system (for example, emergency core cooling system, auxiliary feedwater system, etc.)
that have an impact on the plant behavior during the operational transients. Equipment
controls allow the test operators to either follow procedures defined in standard plant
manual or follow variations of standard procedures. Other systems, such as the
secondary and various auxiliary systems, are capable of achieving pretest steady-state
conditions and simulating the primary to secondary interactions. These systems include
feedwater, condensate and steam systems together with component service systems
such as the cooling water, water purification etc.

The fuel assembly dimensions, i.e. the fuel rod and the guide thimble diameter, pitch
and length, and the ratio of the number of fuel rods to the number of guide thimbles
were designed to be the same as the 17 x 17 fuel assembly of the reference PWR to
preserve the heat transfer characteristics of the core. The total number of rod which
was scaled by 1/48, is 1064 for the electrically heated and 104 for the unheated rods.
The most important design scaling compromise is the 10 MW maximum core power
limitation, 14% of the scaled reference PWR rated power. The steady-state condition
is therefore restricted to a core mass flow rate that is 14% of the scaled value, to
simulate the reference PWR temperature distribution in the primary loop.

The four primary loops of the reference PWR were represented by two equal-volume . -.

loops. The hot and cold legs were sized to conserve the volume scaling and the ratio



of the length to square root of the pipe diameter, L/D% for the reference PWR, in
expectation that the flow regime transitions in the primary loops can be simulated
appropriately by taking this scaling approach.

I1.2 Experimental Conditions and Procedures

The experiment (SB-SG-06 test simulated an accident with SG single tube rupture)
was initiated by opening a break valve nearly at the same RCS pressure and
temperature as in Mihama Unit 2. The reactor trip signal and safety injection signal
were sent automatically at the same RCS setpoint pressures as in Mihama Unit 2.
Then, the HPSI systems were actuated and the HPSI flow was directed to the cold legs
and vessel upper plenum. The damaged SG was isolated at 12 minutes after reactor
trip. At the same time, depressurization of intact SG secondary side was initiated.
Such a depressurization was terminated according to the Mihama Unit 2 Emergency
Operating Procedure (EOP). Subsequently, the atmospheric relief valve (RV) on the
damaged SG opened and closed automatically.

In order to stop the break flow by reducing the primary pressure, the pressurizer
PORVs were tried to open in the real plant, but it failed to open. Thus the pressurizer
auxiliary spray was used instead of the PORV. The pressurizer auxiliary spray was
actuated 44 minutes after reactor trip to depressurize the RCS. The HPSI pumps were
turned off after the pressurizer water level recovered. The pressuirzer auxiliary spray
was turned off after the RCS pressure equilibrated with the damaged SG pressure.
Finally, the RCP in intact loop was restarted at 65 minutes after reactor trip. The
experiment was ended when the RCS conditions were stabilized. The overall event
sequences of the SGTR transient can be shown in Table 3.

The measurement systems were developed and installed to measure the various
thermal hydraulic phenomena associated with the experiment. Installed locations and
measuring range for all instruments and data acquisition system in LSTF were in detail
described in reference 2. In particular, the estimated accuracy of the experimental data
used in this study was presented with the origin of the measured data in Table 4.

th




III. Code and Modeling
III.1 Code Description

The RELAPS code has been developed as one of the best-estimate codes. The code
is based on a non-homogeneous and non-equilibrium model for one dimensional, two-
phase system that is solved by a fast, partially implicit numerical scheme to permit
economical evaluation of system transients. Recently, the RELAP5/MOD3 code
development program has been initiated to develop a code version suitable for the
analysis of all transient and postulated accidents in PWR systems including both large
and small break LOCAs as well as the full range of operational transient. Although
the emphasis of the RELAPS/MOD3 development is on large break LOCA,
improvements to existing code models, based on the results of assessments against
operational transient test data, are also being made. In this code assessment on the
SGTR transient, the unmodified released code version, RELAP5/MOD3.1 and MOD

3.0 are used.
III.2 Modeling Description

The nodalization used to simulate the LSTF facility of the ROSA-IV program with
the RELAPS code is represented in Figure 2. The model is based on 177 volumes
connected by 186 junction and 166 heat structures composed of 947 mesh points for
averaged U-tube model case. In the reactor vessel elements (volumes 100 to 156) the
volumes corresponding to the downcomer, the lower plenum and upper plenum, the
core, the upper head and the guide thimble channel are defined. In the schematization
of the upper part of the LSTF downcomer (volumes 100 and 104), care was taken to
correctly simulate the steady-state mass flow rates in the connection with the hot legs
(bypasses), the upper plenum (unintentional leak path) and the upper head (spray
nozzles) to obtain the requested values, i.e. 0.1 %, 0.085 % and 0.3 % of the core inlet
flow rate, respectively. The core is modeled by one channel arranged in 6 hydraulic
volumes, in which only one series of heat structures is adopted to simulate the fuel



assembly (i.e. a flat radial core power profile is assumed). The reason for this choice
resides in the attempt to perform the simplest modeling of the LSTF facility as
possible. A pipe connection (volume 156) between the upper head and the upper
plenum of the pressure vessel is introduced in the scheme to simulate the guide thimble
channel path existing in the facility.

The two loops of the LSTF system are represented by the intact-loop (volumes 200
to 299) and the broken-loop (volumes 400 to 499) in an almost symmetrical way. In
fact, each of the two loops presents the hot leg, the SG inlet and outlet plena, the SG
U-tube channel, the loop seal, the reactor coolant pump, the cold leg. In addition, the
pressurizer is connected to the intact-loop hot leg by means of the surge line element.
In the volumes representing the pressurizer vessel, an additional heat structure is
introduced to simulate the effects of the proportional and back-up heaters. But the
pressurizer heaters are not used in this case of SGTR transient. The two SG secondary
sides. (volumes 300 to 399 and 500 to 599) are simulated using an identical
schematization. They can be subdivided into the downcomer, the boiling section, the
steam separator and the steam dome. The steam and feedwater lines are simulated by
using Time Dependent Junctions with imposed flow rates. The relief and safety
valves are also connected to the SG steam dome using valve components in which the
operational setpoints and conditions are specified to be the same as the experiment.

- The U-tube break models are examined for two cases as shown in Figure 3. Case 1
is to simulate the double-ended break as a single-ended break nozzle based on the
LSTF SB-SG-06 test configuration. Figure 4 shows the break line arrangement in
LSTF. The break nozzle is a straight, cylindrical pipe of 6.2 mm in inner diameter and
1.8 min length. Such a nozzle is to simulate the scaled break area and length as well
as the pressure drop along the ruptured tube. In this report, this break nozzle
modelling case, i.e., Case 1 will be regarded as a base case calculation. Case 2 is to
simulate the U-tube rupture as two break valves between a single broken U-tube
channel and secondary SG. The valve junction diameter is 6.2 mm and the single
broken U-tube size is 19.6 mm in inner diameter as in LSTF experiment. The
remaining SG U-tubes are modeled as an-averaged single U-tube.



IV. Analysis Results and Discussion
IV.1 Analysis Conditions

As a base calculation, the released code version without modification, RELAPS/
MOD3.1 is used to identify the code predictability on the thermal-hydraulic behavior
during the SGTR accident. Table 1 represents the comparison of initial conditions
between the LSTF SB-SG-06 test and the calculation. The calculated values were
obtained from the steady state run. It is indicated that the major calculated parameters
of the primary and secondary coolant systems agree well with the measured values in
LSTF SB-SG-06 test.

Table 2 represents the setpoints and conditions used in calculation. These conditions
are based on the specified operational setpoints and conditions of the experiment.
However, the experimental information was not enough to accurately simulate the
transient behavior. Thus, some control logics such as timing of termination of HPSI
into upper plenum were modelled in accordance with the experimental results. The
calculation was attempted up to 5000 seconds when the operator's recovery procedure
is initiated as in experiment.

Table 3 represents the major sequence of the events during the SGTR transient. The
major events are composed of the reactor trip, auxiliary feedwater actuation, high
pressure safety injection (HPSI), affected SG isolation (MSIV close) and intact SG
depressurization (RV open), RV cycling in affected SG, pressurizer auxiliary spray
actuation, and so on. Two calculations depending on the break simulation model were
performed and the table is showing the similar sequence of the events. As a base
calculation, the computed results of the Case 1, which based on the LSTF SB-SG-06
test configuration, are compared with experimental data and are in detail discussed in
following section. The experimental data compared in this study were obtained by
digitizing curves of the figures in open literatures [5,6]. The origin of the experimental
data including the estimated accuracy and the corresponding calculated parameters are
listed in Table 4.

Also, in these base and sensitity calculations, the general and specific practices for



applying RELAPS including standard procedures, option selection related to volume
and junction, special model applications such as break model and crossflow model,
control and trip logics and so on, are used. Hence there are no deviations from the
user guidelines described in RELAP5/MOD3 code manual volume V.

IV.2 Analysis Results

1. RCS Pressure Response

Figure 5 shows the primary system pressure behavior during the SGTR transient.
After the initiation of single SG U-tube rupture, the pressurizer pressure and water
level decrease monotonically because the amount of break flow to SG secondary side
is larger than the coolant supplied by the charging pumps. The reactor scram occurs
when the RCS pressure reaches 13.42 MPa. After that, the pressure and water level
continue to decrease. The pressurizer water level behavior will be discussed later
(Figure 11). Following the continuous decrease of the RCS pressure, the pressure
reaches to the setpoint of the safety injection signal and the RCP trip. The high
pressure safety injection (HPSI) into cold legs and upper plenum of the reactor vessel
begin to deliver at 98 seconds and 300 seconds after the safety injection signal,
respectively. The RCPs coastdown at 80 seconds after the reactor scram. The
pressurizer is emptied completely at about 335 seconds.

The HPSI water continues to inject into primary side in order to recover the core
inventory, while break flow enters secondary side through the break nozzle. The
pressurizer auxiliary spray system instead of the pressurizer relief valves, is used to
increase a depressurization rate at 2660 seconds after the reactor scram and the
pressurizer water level is recovered from 3000 seconds. The HPSI systems are
terminated after the pressurizer water level is recovered. When the RCS pressure
becomes identical to the broken loop SG pressure, the pressurizer auxiliary spray is
turned off. Finally, the RCP in intact loop is restarted about 4000 seconds after reactor
scram, and the experiment and calculation are terminated at 5000 seconds when the
primary system conditions are stabilized. @ The overall transient response of the
calculated primary pressure agrees well with the LSTF SB-SG-06 test data.

l/.



2. Secondary Pressure Response

Figure 6 represents the secondary pressure behavior during the SGTR transient. The
broken loop SG is isolated by closing the main steam isolation valve (MSIV) at 722
seconds after reactor scram and simultaneously the intact loop SG is depressurized by
the latched open of the SG relief valve (RV). Such actions are to contain the
contaminated coolant in the affected SG and to maintain the heat removal from
primary to secondary through the intact SG, respectively. The pressure of broken loop
SG increases due to the primary coolant inflow with high enthalpy and is controlled by
opening and closing the SG RV. The break flow rate entered into the secondary side
can be shown in Figure 17. Consequently the general trend of the calculated secondary
pressure is analogous to the experiment. However, there exists the difference in the
number of the RV cycling of broken loop SG. The RV was opened once in
experiment, while it was opened several times in calculation. The difference will be

discussed in detail in section IV.3.

3. Thermal Response

Figure 7 represents fluid temperatures at inlet, mid section and outlet of reactor
vessel core. The RCS saturation temperature is also plotted in the figure. Figure 8
shows fluid temperatures on the broken loop SG secondary side. From this figures, it
is found that there exists the sufficient subcooled margin in the primary side and the
superheated steam in the broken loop secondary side during the SGTR transient. The
RCS fluid temperatures decrease rapidly after the reactor scram. However, the core
outlet fluid temperature increases slightly after RCPs trip, which is due to reduction of
the heat transfer between primary side and secondary side.

The RCS fluid temperatures continue to decrease gradually by the atmospheric steam
dump and feedwater in the secondary side and the HPSI cold water in the primary side.
This explains that the core heat is removed by the natural circulation in the intact loop.
Thus, the subcooled margin of RCS coolant becomes larger sufficiently to prevent the
core voiding. They decrease rapidly at about 4300 seconds because of the forced
convection caused from restart of the intact loop RCP. Figures 9 and 10 are the hot

10



leg fluid temperatures in intact loop and broken loop, respectively. The similar trends
to the RCS fluid temperature are found. The overall transient responses of the
calculated fluid temperatures agree well with the experimental data. However, in the
early phase of the transient, there exists the bump in the experiment, while it is not
seen in the calculation. The bump occurs when the hot water and steam in the
pressurizer is penetrated into the hot leg after emptying of pressurizer at about 400

seconds.

4. Water Level Behavior

Figure 11 shows that the pressurizer is emptied completely at about 335 seconds and
the water level is recovered from about 3000 seconds. The calculation result agrees
well with the experiment. Figure 12 shows the SG water levels behavior in broken and
intact loop SGs. After MSIV closure of the broken loop SG, the water level increases
gradually by the primary coolant inflow through the break nozzle. The calculated water
level increases with the similar rate as that in experimental data, however, the value of
water level is slightly higher than that of experimental data. Such a calculation result
is because the SG inventory is controlled to remain a reference water level up to main
feedwater trip. Supposed that a detailed experimental information on the main
feedwater and main steam flow rate will be given, this difference is expected to be
reduced. The water level in intact loop SG rapidly decreases due to the atmospheric
steam dump. However, to keep the heat removal from the primary side by the natural
circulation, the SG inventory continues to be made up by the auxiliary feedwater
system. The feedwater supply can be shown in Figure 19.

5. Loop Mass Flow Behavior
Figures 13 and 14 show the loop mass flow rates in the intact and broken loop,

respectively. Although the mass flow in broken loop reduces to approximately zero
after the RCP trip, the natural circulation flow through the intact loop is maintained
more than 5 kg/sec, which is large enough to keep the core coolant subcooled. It is
shown that the heat removal from primary side to secondary side is remained by the
natural circulation during SGTR transient. The intact loop mass flow increases rapidly
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at about 4000 seconds after reactor scram by restarting the RCP to stabilize the RCS
conditions. Consequently, the calculation predicts well the experimental behavior.
Figures 15 and 16 show the HPSI flow rates into cold legs and core upper plenum,
respectively. In general, the HPSI flow rate is depending on the RCS pressure. Thus
the curves representing HPSI flow rate as a function of RCS pressure were used in
calculation. As shown in Figure 15, the measured HPSI flow rate into core upper
plenum has somewhat uncertainty, especially in the starting point and termination
point. However, the overall hehavior of the HPSI flow rate agrees well with the

experimental data.

6. Break Flow Behavior

Figure 17 shows the break flow rate through the break nozzle during the SGTR
transient. The break flow rate is influenced by the pressure difference between
primary and secondary systems. Initially the pressure difference is very large, thus the
critical flow is formed immediately after break initiation, and the break flow rate
gradually decreases as reduction of the pressure difference. After the HPSI system
actuation, the break flow rate again increases slightly depending on the RCS pressure.
When the RV in the broken loop SG is opened, the break inflow from the primary side
is increased instantaneously by the SG pressure drop. This rapid increase of the break
flow rate appears several times periodically (due to RV cycling) in the calculation.
After the RCS depressurization using the pressurizer auxiliary spray at about 2900
seconds, the pressures of both systems are nearly identical and the break flow rate
becomes much smaller. This figure shows the RV cycling has strong influence on the
break mass flow. The integrated break flow was calculated 3177 kg during the
transient, which is larger than the measured value of 2600 kg approximately. Table 5
shows the comparison of the integrated total mass flow during transient and Figure 18
shows the integrated break flow and HPSI flow. Consequently, it is found that the
frequent RV opening results in the large amount of the break mass flow. The
sensitivity study on the break simulation model will be discussed in following section.

7. Others
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Figures 19 and 20 show the calculated main and auxiliary feedwater flow rate into
the secondary side. The main feedwater stops at about 280 seconds in both loops, while
to ensure the secondary side inventory, the auxiliary feedwater continues to be supplied
to the intact loop secondary side. Figure 21 shows the calculated mass flow rate of the
pressurizer auxiliary spray to depressurize the RCS. Figure 22 shows the atmospheric
steam dump mass flow rate in the intact loop secondary side through the latched open
RV to keep the heat removal between primary and secondary side.

Comparing the present calculation results with the experimental data, it was found
that the RELAPS/MOD3.1 code predicts well the single SGTR transient behavior and
the timing of sequence of events. Also, it was found that the coolant in the core could
remains as subcooled state by the heat transfer, which resulted from the natural
circulation flow even during RCPs turned off, and the affected SG could be properly
isolated to minimize the radiological release following the SGTR accident.

IV.3 Code Predictability

As discussed in the above section, the comparison between the available LSTF SB-
SG-06 test data and the calculation results, indicates that the RELAP5/MOD3.1 code
yields in general agreeable results for SGTR transient. However, there exist differences

in some parameters from the experiment as follows.

Figure 6 shows the behavior of the SG secondary pressure for both intact loop and
broken loop sides. The general trend agrees well with the experiment. However, the
number of the relief valve opening in the broken loop SG is overestimated; several
times in calculation, while once in experiment (three times in Mihama Unit 2). This
difference may come from the insufficient nodalization and/or the modelling on the
heat transfer in the secondary side. However, the code model on wall and steam-water
interface condensation can be considered as one of the reason for the difference if the
current modelling is reasonable one. As shown in Figures 8 and 10, the steam in the
broken loop SG steam dome is superheated after about 1000 seconds and the break




flow entered from the primary system is subcooled. Also, since the SG water
temperature becomes higher than the break flow (or hot leg) temperature, the heat
transfer across the U-tube wall is reversed from secondary side to primary side. Figure
23 shows the reversed heat flux across the U-tube walls in the affected SG. Hence,
one can conclude that the pressurization of affected SG mainly occurs as a result of
compression of the steam phase by the ascending SG water level rather than the
vaporization in SG. In the experiment, the pressure increasing rate was reduced by
condensation on the wall and steam-water interface, but in the calculation, it was not
predicted appropriately. Figure 24 shows the calculated heat flux across the SG steam
dome wall. The experimental data relevant to the parameter was not available.
However, the heat flux from the steam dome to environment, after 1000 seconds, may
be not enough to reduce the pressure increasing rate to the experimental value. Those
overprediction of pressure increasing rate is considered as a reason for the frequent RV
opening/closing. Such a frequent RV opening, which results in the larger pressure
difference between primary and secondary systems, had influence on the break flow
rate and caused the overestimated break flow rate. Thus, to obtain the accurate
secondary pressure behavior including the break flow rate, it may be necessary to
improve the model on the wall and steam-water interface condensation under
superheated steam situation in the RELAP5/MOD3.1 code.

In the experiment, as shown in Figure 9, the fluid tcmperature "bumps" appeared at
the top of the hot leg to which the pressurizer was connected. It is a temporal increase
of the fluid temperature only at the top of the hot leg. Most hot leg water remains
subcooled. This phenomena occurred, after emptying of the pressurizer, when the hot
water and steam in the pressurizer are penetrated into the hot leg where the subcooled
water is flowing toward the SG. In addition, the experiment indicated that the slight
stratified two-phase flow with small void fraction was observed at the top of the hot
leg. However, the calculated hot leg bulk fluid temperature was just slightly increased
and the "bumps" was not observed as shown in Figure 9. Also, the flow regime in the
intact loop hot leg was predicted as a bubbly flow, which has the very small void
fraction less than 0.1. This discrepancy may be caused from the difference in measured
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location and the code limitation to calculate the temperature stratification in one
dimensional model. The experimental data were measured at the top of the hot leg,
while in analysis, the bulk temperature of the hot leg was computed. In fact, the
averaged bulk fluid temperature measured in experiment may be lower than that of
Figure 9. Figures 25 and 26 show that the pressurizer steam is penetrated into the hot
leg through surge line around 400 seconds and the void is formed in the hot leg in the

calculation.
IV.4 Sensitivity Study

Sensitivity study was performed on some items which may influence on the
prediction of transient behavior, such as the primary pressure, the break flow rate, etc.
The chosen items are the RELAPS code version (MOD3.0 vs MOD3.1), the break
simulation model as described in section III.2 and the break valve discharge
coefficient, Cqd for the break valve model case (from 0.15 to 0.2).

Figure 27 shows the comparison of the primary pressures which were calculated
using RELAP5/MOD3.0 and RELAPS/MOD3.1, respectively. Although the pressure
behavior for both cases after the HPSI was almost identical, the MOD3.1 predicted
better the pressure trend in the early phase of the transient than the MOD3.0. The
MOD3.1 was known to improve some deficiencies and errors from the MOD3.0 for

following items; condensation model, spherical accumulator model, boron transport
model and error corrections such as undamped flow oscillations in stagnant crossflow

junctions, etc.[7]  Although, from this calculation, it couldn't clearly find out the
improved point of the code, the present calculation results indicated that the MOD3.1
was improved, especially in capability to predict the thermal-hydraulic hehavior

around the reactor trip.

Figure 28 shows the comparison of break flow rates calculated using the two
different break simulation models.  In the early phase, the break flow rates for the both
cases were nearly identical, but, after the HPSI, the break flow rate for the Case 2 was
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larger than that for the Case 1. As mentioned previously, the rapid increase of the
break flow for the Case 1 was caused by the RV cycling in broken loop SG. However,
even though the RV cycling also occurred in the Case 2. the rapid increase of the break
flow rate was not occurred. It indicated that the critical flow was formed at the break
valves in Case 2, that is, the break flow behavior was determined from the primary
pressure instead of the pressure difference between primary and secondary systems.
Consequently, it is found that the Case 1 simulating the double ended SG tube rupture
as the break nozzle, based on the LSTF SB-SG-06 test configuration, agreed better
with the experimental data than the Case 2 with break valve model. Therefore, it is
found that the break nozzle model is more realistic,.though the number of the RV

opening was overestimated.

Figure 29 shows the comparison of the break flow rates calculated with a variation of
discharge coefficient, Ca from 0.15 to 0.2, for the Case 2 modelling. As described
above section, the critical flow was formed at the break valves in this case. The break
flow rate from RCS to secondary side increased with increasing discharge coefficient.
Especially, in case of C¢=0.15, the break flow rate after the reactor trip was nearly
identical to the experiment. However, the break flow rate before the reactor trip was
lower than that of experiment, and consequently the reactor trip time was delayed 200
seconds approximately. Therefore this case was not in good agreement with the
experiment in the early phase of the transient. Table 5 describes the total break flow,
total HPSI flow and total discharged steam flow throughout the transient. It can be
stated that the total break and total HPSI flows increase with increasing Cd. In
addition, the break flow and HPSI flow for the Case 1 were overestimated. As
discussed above, the overestimated total break flow was caused by the frequent
opening of the RV in the isolated SG, which results in the larger pressure difference
between primary side and secondary side. Although the experimental data has
somewhat its uncertainty range, Table 5 shows that the total discharged steam flow
through the RV was predicted quite high. Because of this increased break flow, the
total HPSI flow integrated during transient was also overestimated.
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IV.5 Run Statistics

The main computer used in the present calculation was a DEC workstation 5000/240
with UNIX operating system. Figure 30 presents a plot of the required CPU time for
the two cases during the SGTR transient. It is shown that Case 1 was required about
ten times larger CPU time than that of Case 2. It may be because the Case 1 has
another minor flow path between primary and secondary systems, which consists of
some volumes and junctions. Figure 31 shows Courant time step and advanced time
step size with respect to a real transient time. The time step size was reduced down to
about 0.01 second.

The Case 1 transient run using RELAP5/MOD3.1 was terminated at 5000 seconds,
and the required CPU time was 114,737 seconds including 11.6 seconds for input
processing. The attempted advancement was 291,357 time steps. Therefore, the grind

time can be calculated as follows,

CPU time CPU=114,737-11.6=114,725.4 sec
Number of time step DT =291,357
Number of Volume C=177

Transient Real Time RT = 5000 sec
Grind Time GT = CPUx1000/(CxDT) = 2.2246 CPU msec/vol/step
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V. Conclusions

The RELAP5/MOD3.1 was assessed using the LSTF SB-SG-06 test simulating the
SGTR incident which occurred at the Mihama Unit 2 in 1991. To evaluate the code
predictability on major thermal-hydraulic behavior, the calculation results are assessed
and compared with the experimental data. LSTF is large scale facility of PWR, thus,
it is expected that the RELAP5/MOD3.1 can give reliable calculation results to
applicable to real plant if the present calculation predicts well the LSTF test data.
Overall RELAP5/MOD3.1 calculation provided a good agreement with the SB-SG-06
test data for the SGTR transient and the following conclusions were obtained.

1) The RELAP5/MOD3.1 predicted well the transient behavior during the SGTR
accident, such as the primary and secondary pressures, the temperatures of the core and
hot legs, the break flow rate, HPSI flow rates, the pressurizer and SG water level, and
so on. The calculation results also predicted well the sequence of events and the major
phenomena during the transient, such as the asymmetric loop behavior, the RCS
cooldown and heat transfer by the natural circulation, primary and secondary system
depressurization by the pressurizer auxiliary spray and the steam dump using the intact
loop SG relief valve, and so on. However, there were differences in some items when
compared to the applicable test data. Those items are the number of the relief valve
cycling in the affected SG, the flow regime of the hot leg with the pressurizer and the
break flow rates.

2) The RELAP5/MOD3.1 overestimated the number of the RV cycling in the isolated
SG. In the experiment, the pressurization rate in the affected SG steam dome was
determined as a result of the condensation and compression of the steam by the
ascending SG water level rather than the vaporization. However, the code may not
properly predict this type of the wall and steam-water interface condensation
phenomena. The frequent RV opening had influence on the break flow rate and caused
the overestimated break flow rate. Hence, to obtain the accurate transient behavior
including the break flow rate, it may be necessary to improve the model on the wall
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and steam-water interface condensation under superheated situation in the RELAP5/
MOD3.1.

3) The sensitivity study was performed on the RELAPS code version, the break
simulation model and the break valve discharge coefficient. In the early phase of the
transient, the results using the RELAPS/MOD3.1 agreed better with the experiment
than that of the MOD3.0 code. Also the break flow rate was sensitive to the break
simulation model and the break valve discharge coefficient. Especially, the break
nozzle model based on the LSTF test configuration provided better agreement with the
experiment than the break valve model. Also, in case simulating the SG U-tube
rupture as the break valves, the discharge coefficient, Ca of the break valves had strong

influence on the break flow rate.

4) Finally, the analysis results indicated that the core coolant remained subcooled state
by the heat transfer resulted from the natural circulation flow even during RCPs turned
off, and the affected SG could be properly isolated to minimize the radiological release
following the SGTR accident.
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Table 1 ‘Comparison of Initial Conditions

LSTF SB-SG-06 | RELAP5/MOD3.1 | RELAP5/MOD3.1
Parameters ’ Measured Case 1 Case 2

Primary Coolant (Intact : Broken) | (Intact : Broken) | (Intact : Broken)
System
Hot leg temperature (K) 587.4 585.9 586.02 586.02 |586.0 586.0
Cold leg temperature (K) | 560.5 560.0 560.85 560.76 |[560.74 560.72
Loop mass flow rate (kg/s) | 34.65 33.84 36.580 35.478 |36.579 35.480
Core mass flow rate (kg/s) - 71.707 71.708
Pump speed (rad/s) 128.3 1243 1283 1243 128.3 124.3
Core power (MW) 10 10 10
Pressurizer
Pzr. pressure (MPa) 15.38 ' 15.380 15.380
Pzr. water level (m) 2.64 2.680 2.679
Pzr. temperature (K) - 616.28 616.28
Secondary Coolant
System
SG steamdome pres.(MPa) | 6.89 6.89 6.858 6.860 |6.857 6.860
SG steam dome temp.(K) - 557.56 557.58 | 557.55 557.57
SG steam flow rate (kg/s) |2.68 2.58 2.799 2.722 {2.741 2.673
Main feed flow rate (kg/s) | - 2.7447 2.6701 |2.7692 2.7244
SG downcomer water 922 9.19 9.251 9.273 9.251 9.271
level (m) : '

* Case 1 : averaged U-tube model (regarded as Base Case)
* Case 2 : single broken U-tube and averaged U-tube model



Table 2 Setpoints and Conditions used in RELAP5/MOD?3.1 Calculation

Events Setpoints and Conditions
-Tube Break -Break valve open at t=0
-Reactor Trip -Ppzr < 13.42 MPa

-Main Feedwater Trip
-Safety Injection Signal (SI)
-Pump Coastdown

-IL RCP Restarted

-HPSI Flow rate

-HPSI into Cold legs

-HPSI into Core Upper Plenum
-HPSI Turned off (stop)

-Accurnulator Injection
-LPSI System
-Aux. Feedwater Start

-Affected SG Isolation

-Intact SG Depressurization
-Intact SG Depres. Termination
-Affected SG RV Cycling

-SG Safety Valves Cycling

-Pzr. Aux. Spray Flow rate
-Pzr. Aux. Spray Start
-Pzr. Aux. Spray Turned off

-Experimental core power decay curve
-Ppzr < 12.97 MPa
-Ppzr < 12.87 MPa
-Experimental coastdown curve
-Rx Trip+3979s

-Experimental pressure vs. flow rate curve
-Safety injection from SI+98s, plus charging
-Safety injection from SI+300s
-Pzr water level recovered
-HPSI-CL: Lrzx> 1.0 m
- HPSI-UP: SI+2900s
- Charging: no termination(0.265kg/s)
-Not used
-Not used
-BL: hot water: 1.14kg/s for 81s from SI+37s
cold water: none
-IL: hot water: 1.5kg/s for 200s from SI+37s
cold water: 1.0kg/s from SI+237s
until LiL.sc>12.85m

-BL-MSIV close from Rx Trip+722s
-IL-RV open from Rx Trip+722s
-IL-RV close if (TiL-hotteg< 531.4 K)
-6.4 MPa < PBL-sGdome< 7.3 MPa
-7.69 MPa < PBL-5Gdome< 8.68 MPa

-0.1 kg/s
-Rx Trip+2666s
<Ppzr = PIL-SGdome

22




Table 3 Event Sequences of SGTR Transient

Major Events LSTF RELAP5/MOD3.1-
(unit : second) | SB-SG-06 (Case 1) (Case 2)

- Tube Break U 0 0

- Reactor Trip 266 251 246

- Main Feedwater Trip 300 280 280

- Safety Injection Signal 305 289 287

- Pzr. Empty 331 335 335

- Pump Coastdown 348 331 326

- Aux. Feedwater Start 342 326 324

- HPSI into Cold legs 403 387 385

- HPSI into Core Upper Plenum 605 589 587

- Affected SG Isolated(MSIV close) | 988 973 971

- Intact SG Depressurized(RV open) | 988 973 971

- Intact SG Depressurization 1751 1744 1740
Terminated (RV close)

- Affected SG RV Opened 2635(once) | cycling cycling

- Pzr. Aux. Spray Start 2932 2917 2915

- HPSI Tumned off (stop) 3390 3390 3390

- Pzr. Aux. Spray Turned off 3617 3527 3742

- Intact Loop RCP Restarted 4245 4230 4225

- Termination 5000 5000 5000

* Case 1 : break nozzle model based on SB-SG-06 test configuration

(regarded as Base Case)

* Case 2 : break valve model with single averaged and broken U-tube

[\9]
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Table 4 Lists of Measured Data and Corresponding Calculated Parameters

Items Origin of Full Scale Calculated
Measured Data | Accuracy* Parameters
-Primary pressure Ref.3&5 032 FS p-610010000
-Secondary pressure Ref.3&5 032 FS p-516010000,
p-316010000
-Core inlet temperature not used - tempf-120010000
-Core mid temperature Ref. S 0.616 FS tempf-124030000
-Core outlet temperature not used - tempf-128010000
-RCS saturation temperature Ref.3&5 0.777 FS sattemp-200010000
-Steam dome steam temperature | unavailable - tempg-516010000
-SG saturation temperature unavailable - sattemp-516010000
-SG water temperature unavailable - tempf-504040000
-Intact loop hot leg temperature | Ref. 5 0.616 FS tempf-206010000
-Broken loop hot leg temperature | Ref. 5 0.616 FS | tempf-406010000
-Pzr water level Ref. 5 032 FS cntrlvar 610
-SG water level Ref.3 0.32FS cntrlvar 312, 512
-Intact loop mass flow rate Ref. 5 1.12 FS mflowj-206020000
-Broken loop mass flow rate Ref. 5 1L12 FS mflow;j-406020000
-HPSI-up mass flow rate Ref. 5 1.62 FS mflow;j-722000000
-HPSI-cold legs mass flow rate Ref. 5 1.62 FS cntrlvar 922
-Break mass flow rate Ref. 5 1.12 FS cntrlvar 916
-Integrated break & HPSI flow unavailable - cntrlvar 915, 921
-Intact SG feedwater flow rate unavailable - cntrlvar 917
-Broken SG feedwater flow rate | unavailable - cntrlvar 918
-Pzr aux spray mass flow rate unavailable - mflowj-612000000
-Steam dump flow rate unavailable - mflowj-369000000
-Heat flux on U-tube wall unavailable - htrnr-420100101
-Heat flux on steam dome wall unavailable - htrnr-500300400
-Flow rate in Pzr surge line unavailable - mflowj-206040000
-Void fraction in Pzr surge line | unavailable - voidg-600030000

* Detailed Information was described in Ref. 2
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Table 5 Comparison of Integrated Total Mass Flows during Transient

Case 2 (RELABS/MOD3.1)

Mass Flows LSTF Case 1
(unit : kg) SB-SG-06 Ca=0.15 Ca=0.18 Cq¢=0.20

- Total break flow about 2600 3177 3212 3482 3765
into secondary side

- Total HPSI flow about 2900 3497 3535 3947 4248
into RCS (up/cl) (1000/1900) | (1216/2281) (1373/2574)

- Discharged steam about 1200 1277 - 1185 -
flow through MSL

- Discharged steam about 20 133 - 153 -
flow through RV

- Aux. Feedwater about 500 669 - 605 -
flow into SG

* Case 1 : break nozzle model based on SB-SG-06 test configuration

* Case 2 : break valve model with single averaged and broken U-tube
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(1) Case 1 (Base Case): Break Nozzle Model Based on Facility Configuration
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(2) Case 2 : Break Valve Model with Single Averaged and Broken U-Tube
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Figure 3 Break Simulation and Nodalization
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Figure 4 Break Line Configuration in LSTF SB-SG-06 Test
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Figure 5 Comparison of Primary Pressure between Experiment and Calculation
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Figure 11 Comparison of Pressurizer Water Level
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Figurc 13 Comparison of Intact Loop Mass Flow rate

25 — . —
_ RELAP5S/MOD3.1
.... LSTF SB-SG-06
20t
%.o
=
oI5t
r= - -
; natural circulation continued
(=]
=0t ‘* 1
g
g M
TS \
5t \
RCP restarted
0 L 2 " i 2
0 1000 2000 3000 4000 5000
Time s]
Figure 14 Comparison of Broken Loop Mass Flow rate
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Figure 15 Comparison of HPSI-core upper plenum Mass Flow rate
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Figure 16 Comparison of HPSI-cold legs Mass Flow rate
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Figure 17 Comparison of Break Mass Flow rate between Experiment and Calculation
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Figure 19 The Calculated Feedwater Flow rate in Intact Loop Secondary Side
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Figure 20 The Calculated Feedwater Flow rate in Broken Loop Secondary Side
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Figure 21 The Pressurizer Auxiliary Spray Mass Flow rate
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Figure 22 The Atmospheric Steam Dump Flow rate through Intact Loop Relief Valve
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Figure 23 The Calculated Heat Flux on U-tube Wall in Broken Loop SG
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Figure 24 The Calculated Heat Flux on Steamdome Wall in Broken Loop SG
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Figure 25 The Calculated Flow rate on Pressurizer Surge Line
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Figure 26 The Calculated Void Fraction in Pzr Surge Line and Hot Leg
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Figure 27 Comparison of Primary Pressure between MOD3.0 and MOD3.1
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Figure 28 Comparison of Break Mass Flow rates on Break Simulation Model
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Figure 29 Comparison of Break Mass Flow rates on Break Discharge Coefficient
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Figure 31 Courant Time Step and Advanced Time Step Size
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Appendix A Input Deck for Steady State Calculation






SASEBXISRIRNSRRARCEDRRELEEENNSER AR LSRR ESRERREN AN LIRS
*

= Istf sgtr base input deck with relapd/mod3.1

. )

ZESESERYERB LS X RBA LRSS RN ERBL RN A RSV FIRRANESRERBEERE

0000100 new  stdy-st

0000101 run

0000102 si s

0000105 10 20

0000110 nitrogen

0000115 10

*

0000120 124010000 000 h20 primary
s0000121 504010000 79639 h2  secndry
Co00121 900010000 000 h20  contain

*

* time step control

0000201 30000 106 05 3 10 200 200
EERXEREEFERD s *

*  minor edits

E3 i 143234

*

301 p 610010000  spzr pressure

302 p 516010000  *sg-b steam pressure
33 p 316010000  »sg-i steam pressure
304 mflowj 208010000  <locp-i hot leg flow
305 mflowj 408010000  =loop-b hot leg flow
306 mflowj 248010000  sloop-i cold leg flow
307 mflowj 452010000  sloop-b cold leg flow
308 mflowj 108010000  =*core bypass flow
309 mflowj 120010000  =core inlet flow

310 tempf 104010000  svessel inlet temp
311 tempf 136010000  *vessel outlet temp
312 tempf 120010000  =core inlet temp

313 tempf 128010000  =core outlet temp
314 tempf 316010000  »sg-i steam temp
315 tempf 516010000  ssg-b steam temp
316 pmpvel 240

317 pmphead 240

318 pmpvel 440

319 pmphead 440

320 cntlvar 512 »sg-b wr level

32l cnulvar 508 25g~b nr level

"EERERBEE

cntrlvar
cntrivar
cniylvar
entrlvar
cntrlvar
catrlvar
catrivar
cntrlvar

50
312
303
304
610

720
309
09

*sg-b boiling water level
*sg-i Wr level

*sg-i nr level

*sg-i boiling water level
*pzr level

*primary mass

»sg-i mass

*sg-b mass

SRERXEBRRCA LIRS EB AL SR SRR EXX LR S LLEBRER LRSS RRTRXXBERS S NN RS

* variable trips

BRSEEBEBRXRREEXLXRASRERERRABREZHIZRENESEREER ISR DI RRAISRARE SRS

*

0000501 p 610010000
0000502 time 0
0000505 p 610010000
0000506 time 0
0000507 time 0
0000510 time 0
0000511 time 0
0000512 time 0
0000514 entrlvar 30

0000516 cntrlvar 30

0000520 p 610010000
0000522 p 610010000
0000624 p 610010000
0000526 p 610010000
0000528 p 610010000
0000529 time 0
0000330 p 610010000
0000331 p 610010000
000032 cntrivar 610
0000535 time 0
0000536 time 0
0000537 time 0
0000538 time 0
0000539 time 0
0000540 time 0
0000550 p 610010000

0000532 time 0
*0000553 time 0
0000554 cntrlvar 308

0000555 cntrivar 508
*0000556 time 0

0000560
0000561
0000564
0000565

-Al -

T v v o

316010000
316010000
316010000
316010000

It

ge
It

ge
ge
ge
ge
ge
ge
It

ge
ge
ge
gt
gt
ge
It

It
ge
ge
It

It
le

ge
le

It

It

gt
gt
gt
gt

null 0 1342e+7 1 *rx scram signal

nl 0 leb 1 *power
nll 0 1287e+7 | stepdsi
timeof 505 170 1 =lpsi delay
nall O 1.0e5 n *rcp delay
timeof 505 100 1 il bhpi

timeof 505 300.0 | =il hppi to up

tmeof 505 100  n bl hpi
cnrlvar 31 00 n *mean temp
cntrlvar 31 00 n
nul 0 1646e+7 1 shigh pres
mdl 0 1726e+7 n *per sfry
mll 0 1568e+7  n *pm spry
ndl 0 1607e+7 n * porv
nul 0 1620et7 n
ndl 0 00 i *pzr prp. hirs
nl 0 1540e+7 n *pzr bkup htrs
nll 0 1534e+7 n
null 0 02556 n *lo nm prlvl
null 0 10000 1 *tube break
ndl 0 00 1 bl flow
ndl 0 00 I svalve
nll 0 00 1 il flow
nll 0 00 ] svalve
null 0 100000 n
null 0 1297e+7 1 *main feed
timeof 505 440 | *aux fed
timeof 552 2000 1 *auxfeed
el 0 04 n *aux feed

nmll 0 044 B
timeof 552 810 1 *auxfeed

ntl 0 78%+6 n bl sgrel
nll 0 82+ n
ndl 0 760e+6 n sbl sg saf
ndl 0 868+6 n



0000568 time 0 It ol 0 00 n bl msiv
0000563 p 316010000 h  null 0 42356 1

0000570 p 516010000 gt null 0 78e+ n sl sg rel
000571 p 516010000 gt nill 0 826 n

0000574 p 516010000 gt null O 76%+6 n =il sg saf
0000575 p 516010000 gt null O 868e+6 =n

0000578 time 0 Kk mil 0 00 n *il msiv
000579 p 516010000 It null 0 42Be+6 |

0000580 cntrlvar 308 It nul 0 05 | *slow sg lev
0000581 cntrlvar 508 It nul 0 025 I

0000583 time 0 ge null 0 00 n *stm hdr viv
0000685 time 0 t ndl 0 00 n *stm thrt
0000586 time 0 ge ndl 0O 110 n * valve
0000599 time 0 It ndl O 10000 n * ss pres
«  logical trips

0000601 -603 and 571 n = il sec velief valve

0000602 603 and 510 n

0000603 601 or 602 n

0000604 -606 and 575 n =il sec safety valve

0000605 606 and 574 n

0000606 604 or 66K n

0000607 -609 and 361 n = bl sec relief valve

0000608 609 and 560 n

0000609 607 or 608 n

0000610 -612 and 565 n = bl sec safety valve

0000611 612 and 554 n

000612 610 or 6ll =

0000613 -615 and 328 n = porv

0000614 615 and 526 n

0000615 613 or 614 n

0000620 580 or 581 1= reactor trip

0000621 520 or 620 1

000062 621 or 501 1

0000623 552 and 554 n * sg aux feed, bl

0000624 552 and 355 n= L il

000065 -586 or =38 n * steam sink pressure

0000626 579 or 568 1= hpi

0000627 626 or 5B 1

0000630 -632 and 531 n = pzr backup heater cnt

0000631 632 and 530 n

0000632 630 or €1 n

0000633 -506 and -532 n * per hirs off on sis or low pzr W
0000634 632 and 633 n * pzr htrs off on low per level

RN

tiit 22222222 BEXEEBXRN S

*

* hydrodynamic components

*EkR L] b2 22223

=
EEAEREEIERRELSSBRRARSRARBR SRR RSN IRBRES LS ERERI VRS RSN kR

* reactor vessel

EXERERRRSEAERIT A RE RSN RN RIS SN RRABRTEBERRESERASBEREBXL L XS Bk

1000000 inannl snglvol

1000101 00 13684 013609 00 -%. -1564

1000102 457e-5 01066 @

1000200 03 15479968, 3691

1040000 inann branch

1040001 4 0

1040101 00 0600 005425 00 -%00 -0600 4575
1040102 0106 00

1040200 003 15487916, 5604

1041101 104000000 100010000 0.0 00 00 0000
1042101 104010000 103000000 0.0 00 00 0000
1043100 252010000 104000000 0.03365 0345 0345 0101
1044101 452010000 104000000 003365 0345 0345 0101
1041201 5.42622-3 5.42622-3 0.0 « 2192712
1042201 1.0373339 1.0373539 0.0 * 48158681
1043201 14005447 1.4005447 00 * 24199345
1044201 1.4006109 1.4006109 0.0 * 24200657
EI333 3332333332332 2 ¢4

1080000 downcmer  annulus

1080001 9

1080101 009774 9

1080301 0677 1

1080302 08670 2

1080303 0610 8

1080304 1258 9

1030601 -00 9

1080701 -06757 1

1080702 08670 2

1080703 -0610 8

1080704 -1.2588 9

1080801 4573%-5 0106 9

1081001 00 9

1081101 0000 8

1081201 003 15482417, 5605 0. 0. 0. 1

1081202 003 15498051. 5605 0. 0. 0. 2

1081203 003 15493443. 5605 0. 0. 0. 3

1081204 003 1549785, 5605 0. 0. 0. 4

1081206 03 15502346. 5605 0. 0. 0. 5

1081206 03 15506796, 5605 0. 0. 0. 6

1081207 003 1511245, 5605 0. 0. 0. 7

1081208 003 1519694, 5605 0. 0. 0. 8

-~A2 -



1081209
1031300
1081301
1081302
1031303
1031304
1081305
1081306
1031307
1081308

*

0w 13522509. 5605 0. 0. 0. 9
0
96071571 96071571 0.0 1 = 48158687
96098280 96098280 0.0 2 » 43158693
96122606 96122606 0.0 3 = 48158697 .
96143084 96143084 0.0 4 + 48158699
96163484 96163484 0.0 5 = 48158700
56176032 96176032 0.0 6 * 48158700
96182512 96182512 0.0 7 = 48158638
96184417 9618417 0.0 8 + 481586%

LR R T2 P2 2ttt P22 2222 2222222222 2241

1120000 Iplovol sngivol

11220100 00 0626 01661 00 900 0626 4575
H20102 00104 00

1120200 033 13532812, 5605

1160000  lowrplnm  branch

1160001 3 0

1160100 00 04762 00343 00 900 04762 457e-5
1160102 00104 00

1160200 003 15538774. 560.5

1161101 108010000 116010000 0.09774 10 10 0100
1162101 112010000 116000000 023623 00 00 0000
1163101 116010000 120000000  0.15931 831 834 0000
1161201 96183851 96183851 0.0 * 48158680
1162201 .167004~9 .167679-9 0.0 * 17.0061-9
1163201 90531130 90531130 0.0 = 48158664
1162110 0.014 10 10 10

1163110 00104 10 10 10

]

EREE TSR3 S 2322222222222 20222222 47 2XEE Ld
1200000 corein branch

1200001 1 0

1200101 00 12588 0.I821 00 900 12588 457e-5
1200102 00104 Q0

1200200 003 15531639, 5605

1201101 120010000 124000000 013657 085 085 0000
1201201 701857 701857 0.0 * 48158607
1201110 0.009721 10 10 10

BEXERRRXKEERIRR SR RN FRASREEFRRSE RS SR ARBI R R X KRS ISR FXEE AR XL ER S
1240000 core  pipe

1240001 6

1240101 00 6

1240201 0119868 5

1240301 0610 6

1240401
1240601
1240701
1240801
1240901
1241001
1241101
1241201
1241202
1241203
1241204
1241205
1241206
1241300
1241301
1241302
1241303
124134
1241305
1241401

*

007312 6

%00 6

0610 6

457e-5 000832 6
068 088 5
00100 6

o

135139%. 56305

13303749, 57415
13508764, 580.70

15499012. 5865

“EBEE8BE

14034412 14034412 0.0
14215501 1.4215501 0.0
14586451 14386451 0.0
1.4601781 14601781 0.0
14627423 14621423 0.0
000832 10 10

13518831, 5676 0.

15493863, 58425 0.

0.

0.
0.

oooooo
oooooo

h N oW

0.

* 48158578
* 4815841
* 481584%
= 48158441
* 48158378

S v s W

AEERE SR FAREAATEER AT ARXEATRRREXARRRANS (2222

1280000
1280001
1280101
1280102
1280200
1281101
1282101
1283101
1281201
1282201
1283201
1281110
1282110
1283110

*

XXEEXERAXALBARNRRRENARNXEY

1320000
1320101
1320102
1320200

*

creoutlt  branch
3 0

00 087 0152 00 900 087 4575

00 00

003 15480901 5865

124010000 128000000 015255 1272 1272 0000
128010000 132000000 016737 00 00 0000
156010000 128010000 0085679 420. 420. 0000

3.3340926 3.3840926 0.0
67383815 67383815 0.0
4.39830-3 435830-3 0.0
028057 10 10
0.4063 10 10
0.3078 10 10

* 48158308
* 48399826
* 24167236

10

1.0

10

upplnm snglvol
00 06757 01060 00
0321 0

------ %

900 06757 457e-5

003 1548580. 5865

SEXBRENTEIRSSAREXRNRBLEXXSSEEABARSR AR ARA XA EERAGEXERERBX A RN

1360000
1360001
1360101
1360102

~A3 -

upplnm} branch
5 0

00 0600 009385 00 900 0600 457e-5

0321 0



1360200 003 15431715, 3865 D T T T T T R PN
1361101 136000000 200000000 0.05520 0265 0265 0102 1360000 gdetub  pipe
1362101 136000000 400000000 005520 0265 0265 0102 1560001 2
1363101 132010000 136000000 015663 00 00 (0000 1360101 00 2
1364101 140000000 136010000 0.14305 00 00 0000 1560201 00102 1
1365101 104000000 136000000  1.0e-4 40. 40. 0103 1560301 19260 1
1361201 95933557 83833357 0.0 = 24200218 1560302 16431 2
1362201 55930429 83530429 0.0 * 24199069 1360401 006209 1
1363201 67669046 67669046 0.0 * 43399714 1560402 006286 2
1364201 -58344-6 -58944-6 0.0 * -3621-6 1560601  -90.0 2
1363201 080205  0.802175 00 = 0.041000 160701 -19260 1
1363110 0321 10 10 10 1560702 -16431 2
1364110 0321 10 10 10 1560801 4575 00 2
* 156001 334 334 1
SEEREEAEARERBSSSIEE 52 . * 1561001 00 2
1400000 uptopval  snglvol 1561101 0000 1
1400101 00 03674 00445 00 900 03674 457e-5 1561201 003 15469815, 578. 0. 0. 0.1
1400102 0321 00 136122 003 154724%8. 584. 0. 0. 0.2
1400200 003 15488458, 5715 16130 0
* 1561301 04675404 04675404 0.0 1 * 24169252
sxeas sssrsaens ssrnsases
1440000 tophat snglvol » Joop with pressurizer (broken loop)
1440101 00 0897 0165 00 90O 0857 4575 R bbb i * by
1440102 0% .
1440200 003 15461376. 5770 2000000 nphotleg  snglvol
= 2000101 00337 13246 00 00 00 00 457e-50207 (0
srssssssnasnnes ser 2000200 003 15471308, 5865
1430000  vhmidvol  branch *
1480001 2 0 BEENEBLSERTRSIATLRAEDEANSEERABRIAEES SRSEB2S L322
1480101 00 0725 01970 00 900 075 4575 2020000 blhlbyps  branch
1480102 0256 00 2020001 1 0
1480200 003 15455440, 5760 2020101 3534 265 00 00 00 00 4575 00 00
1481101 100000000 148000000 95e-5 00 00 0100 suh/dc leak 2020200 003 15481269. 5605
1432101 144010000 148000000 00 00 00 0000 2021101 104010000 202000000 353e-4 00 00 0100
1481201  544012-3 544012-3 00 + 180650 2021201 00 00 00
1482201 ~519.36-9 -519.32-9 0.0 * -43179-6 =
BEERESREERSIEDNRSRRRRRNRRARS * 1 2030000 blhjbyp valve
1520000  uhtopvol  branch 2030101 202010000 204000000 353e-4 276 276 0100
1520001 2 0 2030200 0 0813091300
1520101 00 0504 01475 00 900 054 4575 2030300  srvviv
1520102 00 00 2030301 203
1520200 003 15450839. 5760 * ‘
1521101 148010000 152000000 00 00 00 0000 sex sees *
1522101 152000000 156000000 000139 1472 1472 0000 2040000  blhdbyps  branch
1521201 1.73108-3 1.73108-3 00 * 24167128 2040000 1 0
1522201 236635271 23663526 0.0 = 24176700 2040101 353¢-4 166 00 00900 030 457e-5 00 OO
* 2040200 003 15471269. 5585



2041101 204010000 200000000 353e-4 00 00 0101
2041200 00 00 Q0

2060000 wphotleg  branch

2060001 3 0

2060101 00337 131% 00 00 00 00 457e-5 0207 00
2060200 003 15471270, 5865

2062101 200010000 206000000  0.0337 00 00 0000
2063101 206010000 208000000 0.0337 00 00 0000
2064101 600010000 206010000 000332 10 05 0001
2062201 156826811 13632911 0.0 *+ 24199021
2063201 15683730 1.5683730 0.0 = 24200785
2064201 115453-6 1154.53-6 0.0 + 1.80819-3

SREEFAXEEXRSAEEEEBRARIBERNETEIRIEDBXERLSER 2R S *

2080000 wphotleg pipe

2080001 2

2080101 00337 2

2080301 0.7043 1

2080302 05278 2

2080601 00 1

2080602 500 2

2080701 00 1

2080702 04043 2

2080801  457e-5 0207 2

208001 005 0B 1

2081000 00 2

2081101 100000 1

2081201 003 15471238, 5865 0. 0. 0.1
2081202 003 15479897, 5865 0. 0. 0.2
2081300 0

2081301 15683412 15683412 00 1 » 24.2000%

2081401 0 0 0% 078 1

BEEEXEEEXLAREEETARFR R AR SR ARKERAEXEXKERATASEAER RIS EL KR EAIR

2090000 nphotleg  sngljun
2090101 208010000 212000000  0.0337 00 00 0100
2090201 0 15683441 15683441 0.0 » 24.200078

AREEXREEBR XIS FERRAXRRXBES S Z 2L REXFIS RS EXENSERAEBEZLEATTNESEEN

2120000 npsgin snglvol

2120101 00 0706 0125 00 900 0706 457%-5
2120102 0377 00

2120200 003 1546638). 5865

%

REEXXEXSEAREARBNRBXXERKEEIFFEERES XXX REB ISR EREXTRA XX RALRRE

2130000  npsgbj  sngljun

2120101 212010000 216000000 02033 00 00 0000

2130201 0 52336 25232836 00 = 24199962
SESRIBEREEESENRSRRNER IR RN AN TR RSB RER RSN ECERES XAV RRRRRSIREER
2160000 npsgib snglivol

2160101 00 11035 02323 00 900 11035 4575

2160102 04474 (0

2160200 003 15460476. 5865

BERERER2EFRSRIRURENCEERASNESSRES RN AL S P ETRALXRSEIABSRREDSSS ¥ TS

2170000 npsgin sngljun

2170101 216010000 220000000 0.0425 0.0 00 100100
27000 0 0 075 1

2170201 0 1.2407556 1.24075% 00 * 24193843
2200000  npsgtube  pipe

2200001 8

2200101 00425 8

2200301 28724 1

20002 256M4 3

2200303 21728 5

2200304 25634 7

200305 2874 8

2200601 €00 4

200604  -900 8

2200701 28724 1

200102 2364 3

200003 20980 4

2200704  -2.0%0 5

20008 ~2564 1

20006  -2.874 8

2200801  1524-6 0.0196 8

2200901 00 00 3

200902 0006 00 4

200903 0006 0.006 5

2200904 00 0.006 6

20006 00 00 7

2201001 00 8

201101 0000 7

201201 (19} 15446206. 57883 0. 0. 0. 1
201202 003 15426456, 57217 0. 0. 0. 2
201203 003 15407430. 56850 0. 0. 0. 3
201204 0 15389925, 56683 0. 0. 0. 4
20125 003 15380268, 56417 0. 0. 0. §
201206 003 15405534, 56250 0. 0. 0. 6
2201207 003 15423494, 56183 0. 0. 0. 7
01208 003 1544582, 56017 0. 0. 0. 8

-AS5 -



220130 0 2320703 00 5

2201301 1.1888998 11568998 0.0 1 * 24199823 2320801 457e-3 01682 35

2201302 1.1564485 1.1564485 00 2 = 24190820 2320901 003 0®6 1

2201303 11372354 1.1372354 00 3 * 24199823 2320902 0.0 00 3

2201304 11276379 1.1276379 0.0 4 * 24199828 2320903 0065 0065 4

201305 1.1209604 1.1209604 0.0 5 * 24198833 2321001 00 5

201306 11142686 1.1142686 00 6 * 2419339 2321101 Q000 4

2201307 1.1111250 1.1111250 0.0 7 * 24.199844 2321201 003 15466371, 5605 0. 0. 0. 1

. 2321202 003 15462314, 5605 0. 0. 0. 2

LI T T R e T T e T Py S Y 2321203 003 15447133, 5605 0. 0. 0. 3

210000 npsgout sngljun 2321204 003 15480360. 5605 0. 0. 0. 4

210101 220010000 224000000 0.0425 0¢ 00 0100 2321206 003 15494%%6. 8605 0. 0. 0. 5

21200 0 1.1089645 1.108%645 0.0 » 24199848 22130 0

* 221301 23244332 2.1244332 0.0 1 * 24199886
s2as FRARRERANARSSRARRERSRRRER ISR RANS 2321302 21244240 21244240 0.0 2 = 24193890
2240000 npsgibo snglvol 2321303 21244071 2.1244071 0.0 3 * 2419984
240100 00 11035 02323 00 -900 -11035 457e-5 2321304 21243903 2.1243903 0.0 4 * 24199899
2240102 04474 00 *

2240200 o3 15496792, /05 B T T P T Y o

* 2330000  npfev  valve

BEREREIETERLESTRXSERIBINELEERRERER xasR 2330101 232010000 236000000 00222 00 00 0100
250000 npsgfbj  sngliun 2001 0 21243819 21243819 00 » 24199903
230101 224010000 228000000 0.2093 00 00 0000 2330300  morvlv

250200 0 22448285 22448286 00 = 24199869 23303001 536 837 14200000 1.0000000 &

* *

2280000 npsgout snglvol 2360000 nperslgu  pipe

2280101 00 0706 015 00 -900 -0706 457e-5 2360001 4

280102 037 o 2360101 0022 4

280200 003 1546342, 5605 2360301 13202 1

* 2360302 Li22 2

ETTYY 11T BENEERERBEBEERERIRTY t23x 2360303 11417 3

2290000  npersleg sngliun 2360304 1122 4

250101 228010000 232000000 0.0222 00 00 0100 2360601 00 1

290200 0 2.1244407 2.1244407 0.0 = 24199885 2360602 00 4

* 2360701 00 1

Py T * Py * 2360702 11222 4

2320000 npersleg pipe 2360801 457e-5 01682 4

2320001 5 2360901 0065 0065 1

230100 0022 S 236092 00 00 3

2320301 0516 1 2361001 00 4

220302 142 ¢4 2361101 000 3

22038 11919 S 2361201 003 15494735, 5605 0. 0. 0. 1

220601 500 1 26122 003 15480528 5605 0. 0. 0. 2

2320602 900 4 2361203 003 15472206, 5605 0. 0. 0. 3

2320603 00 S 236124 03 15463883. 5605 0. 0. 0. 4

220701 -03953 1 2361300 0

220702 -1.2422 4 2361301 2.1243819 21243819 0.0 1 = 24.199907

-Ab6 -



2361302 2.12438% 2.12438% 00 2 + 24199912 .
2361303 2.1244048 21244043 0.0 3 * 24199916 2403000
* 2403001
BREEEBAL LI SRARR B LS LSS BASXBSSBRRER RN LSRR R RSB X XIS REIS ISR %m
2400000 nprcpump  pamp 2403003
2400101 00 0802 00235 00 %0 0351 0 2403004
2400108 236010000 0.0222 00 00 000 2403005
2400109 244000000 00337 00825 00525 0000 2403006
2400200 03 1547307, 5605 2403007
2400201 O 21244201 21244201 00 = 24199921 2403008
2400202 0 13993330 13993350 0.0 * 24199925 2403009
2400301 ¢ ¢ 0 -1 0 0 O 2403010
2400302 18350000 .630636 05400000 10.000000 55200000 *
2400303 @ 054 700 00 00 00 00 00

*

S5 SRR

= single phase head and torque data from Istf sys. description

EI3 2322332222223

2401100 1 1
2401101

2401200 1 2
2401201

2401300 1 3
2401301

2401400 1 4
2401401
2401500
2401600
2401700
2401800

* torque data
2401900 2 1
2401901

2402000 2 2
2402001

2402100 2 3
2402101

2402200 2 4
2402201
2402300
2402400
2402500
2402600

— et s e
[+ BECN B e 34 4 ]

[SC T L - T
00 =) O W

XEREEK

09

010
0.15
0.24
0.30
040
060
080

00

00

0.05
0.80
096
038
097
050

050 080
0% 030
100 00

+ two phase multiplier tables for torque of rc pump 240

2403100
2403101

000
060
000
080
-10
-040 157 -020 141
-100 320 -080 276
-020 181 000 158
000 000 100 000
000 000 100 000
-100 000 000 000
-100 000 000 000

-097 020 -068
040 100 100

136 010 133 024 142 040 141
132 080 119 100 100

050 -020 065 007

320 -090 280 -080 246 -060 184

000 136
-060 241 -040 209

000 036 012 038 020 044 030 058

~1.00 000

050 073 070 081 100 1.00

-12%6 010 -088
08 063
-08& 170
-020 058
=080 212

0.00
065 030
~1.00 240
-040 08
-1.00 240
000 080
000 000
000 0.00

100 000
100 000
000 000

-100 000 000 000

030 -031 050 009
100 1.00
-065 112 -050 084
000 036
-060 180 -030 13

= two phase multiplier tables for head of rc pump 240

*

0

00
10

00
0.0

« two-phase diff curves from r5 built-in data

* head difference curves

2404100
2404101
2404200
2404201
2404300
2404301
2404302
2404400

[

0o 3 W

000 000 010 083 020 109 050 102
070 101 090 084 100 100

000 000 010 -040 020 000 030 0.10
040 021 080 067 090 080 100 100

-100
-060
-0.10
-1.00
-0.60

-116
-2.79
-050
~1.16
-017

-010 0.8

-050
-050
000
-0.90
~050
0.00

-124 -08 -177 -070 -23%
-291 -040 -267 -02% -169
0.00
-0.78 -080 -~050 -0.70 -031
-008 -035 000 -020 005
011

000 000 100 0.00
000 000 100 0.00
-1.00 0.00 000 0.00
-1.00 000 000 000

= torque difference curves

=

2404900
2405000
2405100
2405200
2405300
2405400
2405500
2405600

0 DB

00 -3 O OV & WD

0.0
0.0
00
00
00
00
00
00

00
0.0
0.0
00
00
6o
00
00

00
00
00
00
00
00
00
00

*  pump coastdown data

-AT -

00
00
00
co
00
00
00
00



2406100
2406101
2406102
2406103
2406104
2406105
2406106
2406107
2406108
2406109
2406110
2406111
2406112
2406113
2406114
2406115
2406116
2406117
2406118
2406119
2406120
2406121
2406122
2406123
2406124
2406125
2406126
2406127
2406128
2406129
2406130
2406131
2406132

*

501
00
800
8.0

8.0
830
1000
1100
1180
1310
1400
1430
161.0
1700
1750
1910
200.0
2090
221.0
2300
2390
510
2600
2690
2810
2900
2990
3200
3410
3530
3%.0
400.0

1000.0

* norm speed
1283+ 16022
183 = 10022
1220 =185
1189 = 14987
1148 = 148
9.7 =+ 12190
826 = 10412
44 BT
634 =798
267 71496
518 = 6331
463 =5836
417 = 5254
R2 =418
348 = 4381
323 =407
00 3B
213 s 3448
253 =318
2832 »20%
214 = 2700
203 =265
190 =239
163 = 2033
146 = 1843
124 = 1560

99 = 1248
74 *936
50 =624
25 »312
00
00

2481201
2482201
2483201

13993524 1.3993524 0.0
13993528 13993528 0.0
S574783-9 514777-9 0.0

= 24.200649
* 24200653
* 238120-9

SREXRALASEERREBNLERBEXAIBEIILNLIBENNES SRS LLERSESELILLEERRRER S

2520000
2320101
2520200

wpeolleg  snglvol

00337 13125 00 00 00 00 457e-7 0207 00

003 15487385, 5605

EIRSXRREAEEEXSERD VRS REERNIIRXBEE R RBLSEIERREE LSS RBLSL SR KES

s secondary loop for the broken loop

BEEESLRARRBRLERRERARBEREER

3000000
3000001
3000101
3000102
3000103
3000201
3000202
3000301
3000302
3000303
3000304
3000401
3000402
3000403
3000501
3000601
3000701
3000702
3000703
3000704
3000801

BEFERARRERASERELKEREES

2440000 wpeolleg  snglvol
10562 00 00 00 00 4575 020700 3000901

2440101
2440200

00337

003

15487643, 5605

-------- FIT2 3 3000802

3001001
3001101

B L T e P 2 T ] 3001102

2480000
2480001
2430101
2480200
2481101
2482101
2483101

wpcolleg
3

00337
003

244010000 243000000 0.0337
242010000 252000000  0.0337
750010000 248010000 0.0060

branch
0

3001201

11945 060 00 00 00 4575 0207 Q 3001203

15487614. 5605

3001204
00 00 0000 3001205
00 00 0000 3001300
10 05 0001 3001301

-A8 -

npstgdem  annulus
5

0.0 1
0.02% 4

00 5

00 3
0005281 4
28965 1
20930 2
25634 4
3435 5
03228 1

0.0 4
0.1302 5

00 5
-90.0 5
-2023 1
~2.0930 2
-25654 4
~25464 5
457e-5 03689 1
4575 00971 4
457¢-5 00801 5
00 00 4
00 5
0000 3
0100 4
003 6850719.
003 6865934,
003 6883272.
003 6912349,
003 69371666.
0

61390339 61390359 0.0

EEEEE

1

oL o

coooe

(3, BN JC I U

* 13834317



3001302 61389325 61339325 0.0 2 = 13834278
3001303 51387866 61337866 0.0 3 + 13834214
3001304 61386007 61386007 0.0 4 « 1384133
BEXBF LI AL ARR AR EAXLE LB FEEIEIREA NS LR SR I RRURERIE SRS RREXEER
3010000 npstgdem  sngljun

3010101 300010000 304000000 0.0 1000 1000 0000
3010201 0 43038520 69708130 0.0 + 13833941
SERETNABZIXXZAFNEE RSN LAEBFARRERNB SRS RR XN AR SL RN EREL LTRSS
3040000 bisteamg  pipe

3040001 5

3040101 02233 3

3040102 00 5

3040201 02293 2

3040202 0233 3

3040203 03138 4

3040301 25464 1

3040302 2564 3

3040303 20380 4

3040304 20223 5

3040401 00 3

3040402 04951 4

3040403 0.7979 5

3040501 0.0 5

3040601 9.0 5

3040701 25464 1

3040702 25634 3

3040703 20980 4

3040704 2023 5

3040801 4575 0036 4

3040802 4575 0219 5

3040901 143 1435 4

3041001 00 5

3041101 0000 3

3041102 0000 4

3041201 0 69004859 12611123 25802446 14219192 00 1
3dize 0 68870366 1264931.2 25803998 28828728 00 2
di2® 0 63747049 12646835 2580530.3 28643954 00 3
3041204 0 68633026 12641283 25805499 27887377 0.0 4
iz 0 68334235 1263301 8 25807023 27518532 00 5
30 0

3041301 09940788 37087476 0.0 1 = 13.810074
3041302 11458638 49504010 0.0 2 = 13804585
3041303 10794204 71300003 0.0 3 = 13802420
304134 09899163 871283833 0.0 4 *+ 13799040

0036 10 10 10 3
01238 10 10 10 4

3041401
3041402

BEEEEBRELRREIBRREEREEERRRRRRAEEA NSRS NIRLIRESERBERALINSESRRNS

3080000 npsepar  separatr

3080001 3 0 .

3080101 00 2120 0572 00 900 2120 457e-5
3080102 02134 00

3080200 0 6844590.2 1263471.6 2580768.1 50638217
3081101 308010000 316000000 00615 00 00 0100 02
3082101 308000000 300000000 0.03964 1000 1000 0000
3083101 304010000 308000000 0.198 00 00 0000
3081201 -.3840036 27406855 0.0 * 27469745
3082201 37743398 -1.777076 0.0 » 11041964
3083201 11701332 10458935 0.0 s 13801835
EI2 232333332223 2222223 ) 2552 2131 1122
3120000  npsgspbp  branch

3120001 2 0

3120101 00 2120 06288 00 900 2120 4575
3120102 01242 00

3120200 0 6841893.0 12363575 25342334 87891934
3121101 300000000 312000000 03164 00 00 0000
3122101 312010000 316000000 00332 15 15 0000
3121201 30.0480-6 1.1550824 0.0 * 7237%-3
3122201 -42.50990 -1.5229-3 00 » ~2612%6-3
®

E22 3323323322333 P22 2RSSR 22322229 %
3160000  stmdome  snglvol

3160101 00 37778 20288 00 900 37778 4575
3160102 07636 OO

3160200 O €849346.7 12629269 25808535 93999968

321 p3334 £ 2 24 %

*  blsg steam line

3 TR R R R R R R R i e iS22 2323222222323 3323 2422¢]
3200000 blstminl  branch

3200001 2 0

3200101 00286 528 00 00 00 00 4575
3200102 01909 00

3200200 O 6849057.2 12628829 25808303 99939786
3201101 316010000 320000000 00286 00 00 0100
3202101 320010000 324000000 00286 00 00 0000
3201201 24791434 25876488 0.0 * 2.7470311
3202201 24234202 25881767 0.0 » 27472440
*

EI3 IR 2L 22323232332 2233 232323032321

3240000 blstmin2  branch

3240001 1 0

3240101 00286 99213 00 00 00 00 4575

-A9 -



3240102 01909 00

3240200 0 6R48966.1 1262878.4 25808%6.2 .99999%6 7>
3241101 324010000 328000000 000420 00 00 0000
324120 14.028836 17257852 0.0 = 27477108
3280000 blsmnin3  snglvol

3280101 000429 83215 00 00 00 00 4575
3280102 00739 00

328200 O 6328063.0 1262339.0 2580962.3 9999860

BEXBRANEREIETETERIRETARERRRBREEERRS

3290000 blmsiv  valve
3290101 328010000 332000000 000429 00 00 0100
3290201 0 12.637699 17284590 0.0 * 27477202
3290300 mrvlv
3290301 563 501 2.0000000 1.0000000 0

EEREEEY (i 2331
3320000 viviovlv  sngivol
3320101 000429 6446 00 00 00 00 4575
3320102 00739
BA20 O 6828346.0 1261857.2 25810645 99937656
3330000 blchkvl valve
3330101 332010000 804000000 000429 00 00 0000
3330201 0 10.389571 17.310434 0.0 * 27477882
3330300 chkvlv
3330310 0 0 00 00
SESXXERERE LRSS RE LTI EEXLERIRES *EEE
3500000 auxfed tmdpvol
3500101 80 50 00 00 00 00 00 0O 00
300200 3
3500201 00 595300e+6 3130
3510000 auxfed tmdpjun
3510101 350000000 300000000 0.004
3510200 1 623
3510201 00 00 00 00
310202 001 150000 00

3510203 50000 150000 00

SERNy

3600000 npstegfw  tmdpvol
3600101 0.139 50 00 00 00 00 00 O 00
3600200 3

3600201 00 5.83400c+6 4535

EEEERBAR LB AR EESAXR SRS ELSILLESALETAXEXL LR E TR XLEEXBELXREIEREER RS

3610000 npstegfw  tmdpjun

3610101 360000000 300000000 4.00e-3
3610200 1 0 cnulvar 361
3610201 00 00 00 00

3610202 50 50 00 00

361023 70 70 00 00

3610204 10000 7.0 00 00

*

SEEXBBLEEBRAREFERE RS S ATERAXXIRREF LR ETEFRERXRALFRXRXERRERS

» secondary relief and safety valves, broken loop

3630000 blsgrv  valve

3690101 320010000 370000000 296e-4 00149 00 0100
3690201 0 00 00 00 * 00
360030  tpvlv

3690301 609

3700000 contain  tmdpvol

3700101 10e+8 100 00 00 00 00 00 00 Q0
300200 3

3700201 00 1013%%e+5 29315

3790000  blsgsv  valve

3790101 324010000 330000000 000185 0.0005 00 0100
3790201 0 00 00 00 = 00
3790300  trpvlv

3790301 612

3300000 contain  tmdpval

3800101 10e+8 100 00 00 00 00 00 00 00
3800200 3

3800201 00 1.0132%e+5 29315

* Joop without pressurizer (intact loop)

*

4000000 wphotleg  snglvol
4000101 00337 13246 00 00 00 00 45750207 00
4000200 003 15471308. 5865

-A.10-



EEEREEIEXLRXLETSR AR XA REE R ELRERBESLS PR EXNRRIFEARAETNRERE RN E

4020000 ithlbyps branch
4020001 1 0
4020101  353e-4 265 00 00 00 00 4575 00 00
4020200 003 15481269. 5605
4021101 104010000 402000000 353e-4 00 00 0100
4021201 00 00 00
SERABREEBEXXE XX S S KRR RAXXLEBEZAXBRSRENIEEL LR XRL SR AR XXX ULESTEEEER
4030000 blhlbyp valve
4030101 402010000 404000000 353e-4 276 276 0100
4030201 0 0913081300
4030300 srvlv
4030301 403
* *RE¥ *s * EXREXERERRSAR AR KT ERERET
4040000  blhlbyps  branch
4040001 1 0
4040101 353e-4 166 00 00900 030 457%-5 00 (0
4040200 003 15471269, 5385
4041101 404010000 400000000 353-4 00 00 0101
4041201 00 00 00

i1t 2] BEEEXABRLEEXXAABASARXIAEES AR BERERDE
4060000  nphotleg branch
4060001 2 0
4060101 00337 13343 00 00 00 00 457e-5 0207 (O
4060200 003 15471269, 585
4061101 400010000 406000000 0.0337 00 00 0000
4062101 406010000 408000000 0.0337 00 00 0000
4061201  1.5683423 15683423 0.0 = 4200171
4062201  1.5683417 15683417 00 * 24200126
%
4080000 wphotleg pipe
4080001 2
4080101  0.0337 2
4080301  0.7043 1
4080302 05278 2
4080601 00 1
4080602 500 2
4080701 00 1
4080702 04043 2
4080801  457e-5 0207 2
4080901 005 005 1
4081001 00 2
4081101 100000 1
481201 003 15471238, 5865 0. 0. 0. 1

4081202 003 15479897. 5865 0. 0. 0. 2
4081300 O
4081301 15683725 15683725 0.0 1 * 2420076
4081401 0. 0 0% 078 1
BEEBERERE AL EBLERLRELL AR IR RLRRXBESXXRKBAB AP XL XBE AR AR KR REEX
4090000 wphotleg  sngljun
4090101 408010000 412000000  0.0337 00 00 0100
4090201 0 15683754 15683754 0.0 = 24200738
L
P13 1Tttt Rt sy IR 2233332223332 22 322338223
4120000 wpsgin snglvol
4120101 00 0706 0125 00 900 0706 4575
4120102 0377 00
4120200 003 15466381. 585
%
RS EXE XL XFRELERAIRRANETS AR X BEERXEX BB S SRR

*
4160000 wpsgfb branch
4160001 3 0
4160101 0 11035 0233 00 900 11035 457e-5
4160102 04474 00
4160200 003 15460476. 5865
4162101 412010000 416000000 02093 00 O0C 0000
4163101 416010000 420000000 0.04254 00 00 0000
4164101 416010000 417000000 50e-4 00 00 0100
4162201 1241 1247 00
4163201 1247 1247 00
4164201 0.1 01 00
*

2232232322222 222222222 e 222ty XXX RRRENERKRR XS
*
4170000 bktinl snglvol
4170101 50e-4 118 00 00 00 00 4575 00 (0
4170200 003 15453426. 5605
*
4180000 bkting branch
4180001 2 0
4180101 50e-4 206 00 00 -900 -206 457¢e-5 00 00
4180200 003 15441269. 5865
4181101 417010000 418000000  5.0e-4 00 00 0000
4182101 418010000 419000000  5.0c-4 00 00 0000
4181201 01 o1 00
4182201 01 01 00
*
4190000 bktIn5  snglvol
4190101 50c-4 19 00 00 00 00 4575 00 00
4190200 003 15433426, 5605

-A.l1-



4830000
4930101
4530201
4530300
4930301

*

4940000
4340101
4940200
4950000
4350001
4330101
4350200
431101
4932101
4951201
4552201
4960000
4560001
4960101
4960301
4560401
4960601
4960701
4960801
4360901
4961001
4961101
4961201
4961202
4961203
4961300

break valve
419010000 184000000 50c-4 00 00 0000
1 00 00 00

trpvlv

535
l"..l'tltll.l't"!'..ll‘ll‘llll!l"‘ll‘t“"‘“I"."‘.*tl"t

bkin5 snglvol

50e-4 024 00 00 00 00 4575 00 00

003 7310426, 5405

bkind branch

2 0

50e-4 035 00 00 900 035 4576 00 0

003 BL269. 5465

495010000 496000000 3.02-5 00 00 0100

494010000 495000000 5.0e-4 00 00 0000

01 01 00

6l 01 00

brknozl  pipe

3

3025 3

06 3

0.0 3

€00 3

06 3

12e-7 0.0062 3

00 00 2

00 3

01000 2

003 7315536. 54650 0. 0. 0. 1

003 7325536, 54650 0. 0. 0. 2

003 7330536. 54650 0. 0. 0. 3

0

01 o1 00 1

4961301
4961302

4370000
4370001
4970101

4971101
4972101
4971201
4972201

01 01 00 2

bkinz  branch

2 0

50e-4 075 00 00 900 075 457e-6 00 00
003 7331263, 5465

496010000 457000000 302-5 00 00 0100
497010000 498000000 50e-4 0.0 00 0000
01 o1 00

o1 ol 00

4350000 bkin2  pipe

4350001 2

4980101 50e-4 2

4330301 125 2

4980601 00 2

4930701 00 2

4930801 457e-5 00 2

4980901 00 00 1

4981001 00 2

4981101 0000 1

4331201 o3 7344729, 5405 0. 0. 0. 1

481202 003 730523, 5405 0. 0. 0. 2

48130 O

4981301 0l 01 00 1

*

4990000 bkinl  sngljun

4990101 498010000 504010003 50e-4 00 00 0100
4990201 0 01 o1 00

4200000 wpsgtube  pipe

4200001 5

4200101 00454 5

4200301 28724 1

4200302 2564 3

420033 2178 5

4200601 900 4

4200602  -900 5

4200701 2874 1

4200702 2564 3

4200703 20980 4

4200704 -203%0 5

4200801  1524-6 0.019% 5

4200901 00 00 3

4200902 0.006 00 4

4201001 00 5

4201101 0000 4

4201201 003 15446206, 57883 0. 0. 0. 1
420122 013 15426457, 57217 0. 0. 0. 2
4201203 003 15407432, 5685 0. 0. 0. 3
4201204 003 15389928. 56683 0. 0. 0. 4
4201205 003 15339291, 56417 0. 0. 0. §
40130 O

4201301 11884545 1.1884545 0.0 1 * 24200508
4201302 11561451 11561431 0.0 2 = 24200513
4201303 1.1379927 1.1379927 0.0 3 » 24200623
4201304 11274428 1.1274428 00 4 = 24200534

-A.12-



REXIRBRRSABEBNESRBEEEIB L RN RER ST R AR AR EINNEASNEBESRLSERRAN RS

4220000 wpsgtubZ  pipe

4220001 3

4220101 0.04254 3

4220301 25634 2

420302 2874 3

4220601 -900 3

4220701 -2.564 2

4220702 -28724 3

420801  1324-6 0.0196 3

4220901 00 0.006 1

420902 00 00

4221001 00 3

4221101 0000 2

4221201 003 15405536. 56250 0. 0. 0. 1

421202 003 15423494. 56183 0. 0. 0. 2

422123 003 15442580. 56017 0. 0. 0. 3

42130 0

421301 1.1140999 1.1140993 0.0 1 * 24200557
4221302 1.1119639 1.1119639 00 2 » 24200068
BEXXNELREERXELERC RN XL RN XXX SAXRR A SAR SRR 2%
4230000 bsgtiun sngljun

4230101 420010000 422000000 0.04254 04 04 00100
4230201 0 1120099 11200999 00

3

EF 2RI 3P PS¢0 228 3322238 *EX8 8%
4240000 wpsgfbo  branch

4240001 2 0

4240100 0 11085 02323 00 -900 -11035 457e-5
4240102 04474 0

4240200 003 15456790. 5405

4242101 422010000 424000000 004254 00 00 0000
4243101 424010000 430000000 02093 00 00 0000
4242201 1247 1247 00

4243201 1247 1247 00

4300000 wpsgout snglvol

4300101 00 0706 012 00 -%00 -0706 457-5
4300102 0377 00

4300200 003 15463426. 5605
BEEERXXBEEEREBERAERERERLARR RS XXX R AR S AAERKEEREIRB AR SAX LA KRR R
4200000 wpcrsleg  sngljun

4290101 430010000 432000000 0.0222 00 00 0100
4290201 0 2.1246026 2.1246026 0.0 * 24.200614

BARTIESFARERE IR U AR A RAIABANRSER RN SRR PESRTALRRREEILROEO LSRN RY

4320000 wpcrsieg  pipe

4320001 5

4320101 00222 35

432030t 0516 1

4320302 12422 4

4320303 L1919 3

4320601 =500 1

432062 -900 4

4320603 00 3

4320701 -0.3955 1

4320702 -12422 4

4320703 0 5

4320801 457e-5 01682 5

432001 003 0036 1

432002 00 06 '3

42003 005 005 4

4321001 00 5

4321101 0000 4

4321201 003 15466368. 5605 0. 0. 0. 1

421202 003 15462310. 5605 0. 0. 0. 2

4321203 003 15471332, 5605 0. 0. 0. 3

4321204 003 15480334, 6605 0. 0. 0. 4

4321205 003 15494820. 5605 0. 0. 0. 5

432130 0

4321301  2.1245570 2.1245970 0.0 1 * 24200615
4321302 21243858 21243838 0.0 2 * 24200619
4321303 2.1243689 2.12456%9 0.0 3 * 24200622
42134 21245320 2.1243320 0.0 4 s 24200625

*

ESABBTERXSFEREEESTRRENEXEEXERS RN R T ERRBXSERFL AR AR SRR TRS R XS RAR

4330000 wpfev valve

4330101 432010000 436000000 00222 00 00 0100
4330201 0 21245435 2.1243435 00 * 24200629
4330300 mtrvlv

4330301 538 539 1.4200000 1.0000000 0

*

BREARLIEFAREREREETAREIRS AN G S

4360000  wperslgu  pipe

4360001 4

4360101 0022 4
4360301 11919 1
4360302 L1222 2
4360303 11763 3
4360304 1122 4
4360601 00 1
4360602 N0 4

-A.13-



4360701 00 1 4406118 210 X5 =33

4360702 1122 4 4406119 200 U5 =3B

4360801  457e-5 01682 4 4406120 290 225 =292

4360901 0065 0065 1 4406121 510 208 = 2700

4360902 00 00 3 4406122 2600 196 =253

4361001 00 4 4406123 2690 184 =392

4361101 0000 3 4406124 2810 158 =2033

4361201 003 15434729, 5605 0. 0. 0. 1 4406125 200 142 =183

4361202 003 15430523. 3605 0. 0. 0. 2 4406126 280 120 - 1560

4361203 003 1547201, 5605 0. 0. 0. 3 4406127 200 96 =128

431204 003 15463879. 5605 0. 0. 0. 4 4406128 MO0 T2 =83

4361300 0 4406129 300 48 =6

4361301 21245435 2124435 0.0 1 = 24200632 4406130 3300 24 =312

4361302 21245512 2141200 2 s U065 406131 4000 00

4361303 21245664 21245664 00 3 + 4200630 440612 10000 0O

* *

e . sasssnsnssns rexss
4400000  wprcpump  pump 4440000  npeolleg  branch

4400101 00 0802 00235 00 90 0351 00 4440001 2 0

4400103 436010000 0022 00 00 0000 4440101 00337 073488 00 00 00 00 457e-5 0207 00
4400109 444000000 00337 00525 0.0525 0000 4440200 003 15487656. 5605

4400200 003 15473801, 5605 4441101 444010000 448000000 0.0337 00 00 0000
4400201 0 21245817 2.1243817 0.0 = 24200642 4442101 740010000 444010000 0.0060 10 05 0001
400202 0 13993995 1.39939% 00 = 24200645 4441201 1.3992878 1.3892878 0.0 * 2419929
4400301 240 240 240 -1 0 0 O 4442201 204252-9 204251-9 00 » 845944-9
4400302 18350000 65842 05400000 10.000000 55200000 *

4400303 054 7500 00 00 00 00 00 sresseaane i
. 4480000 npcolleg  branch

*  pump coastdown data 4480001 1 0

* 4430101 00337 09429 00 00 00 00 457e-5 0207 00
4406100 501 * norm speed 4430200 003 15487636, 5605

4406101 00 1243 = 16022 4482101 448010000 452000000 00337 00 00 0000
4406102 800 1243 = 16022 4482201 1.3992879 1.3952879 0.0 + 24.199934
4406103 &0 1182 = 1B *

4406104 860 1152 = 14987 P L T T T T s P P T ]
4406105 80 1114 s 1448 4520000 npcolleg pipe

4406106 1010 %7 » 12190 4520001 2

4406107 1100 801 = 10412 4520101 00337 2

4406108 1190 721 =87 4520301 09752 2

4406109 1310 614 =798 4520601 00 2

4406110 1400 549 = 7146 4520701 00 2

4406111 1490 502 = &31 4520801 457e-5 0207 2

4406112 1610 449 =583 4521001 00 2

4406113 1700 404 = 5254 4521101 0000 1

4406114 1790 370 = 4318 4521201 003 15487611, 5605 0. 0. 0. 1

4406115 1910 337 = 4381 452122 003 15487384. 5605 0. 0. 0. 2

4406116 2000 313 = 4074 4321300 0

4406117 2090 291 =37138 4521301 13992883 1.39928%3 0.0 1 = 24.199940
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=
BASREAEBRETUZASIEEIRIREPERNERASBCERERA SR XIS R LRI EANRSES
t 3

» secondary loop for the primary loop with pressurizer

®

BXEFIZLACRLRTL SRR RRLEELERBERARRERSLES LR IEAS LS ERRREE RS 442

5000000 wpstgdem  annulus

5000000 5
5000100 00 1
5000102 0026 4
5000103 00 5
5000200 00 3
00002 0003281 4
5000301 28%65 1
500032 20880 2
5000303 25634 4
500034 3435 5
5000401 0328 1
500042 00 4
5000403 0132 5
5000501 00 5
5000601  -900 5
5000701 2023 1
| 5000702 -2000 2
5000703 25634 4
5000704 -25464 5

5000801  457e-5 03689 1

5000802  457e-5 00971 4

5000803  457e-5 00801 5

500001 00 00 4

5001000 00 ]

5001101 0000 3

5001102 0100 4

5001201 0 63543129 12007512 25807535 0.0 00 1
5001202 0O 6379527.0 12008293 25806908 0.0 00 2
5001203 0 6836864.0 1200839.7 2580405.7 0.0 00 3
5001204 O 69059386 1200341.7 25802025 0.0 00 4
50126 0 63152530 1202649.1 25801034 0.0 00 5
500130 O

5001301 61387739 61387739 00 1 » 13832253
5001302 61388337 61388537 0.0 2 « 1382171
5001303 61388634 61333634 0.0 3 * 13832038
5001304 61387788 61387788 00 4 * 13831877

5010000 wpstgdem  sngliun
5010101 500010000 504000000 00 1000 1000 0000
5010201 0 48039121 69720331 0.0 + 1383155

SSRXLEREXALAELEIR TR ELIRSLSEXRLSENTERSRRTRELILBRLSTR KNSR

5040000 wpsteamg  pipe

5040001 5

504010t 02293 3
5040102 00 S
5040200 0223 2
5040202 02293 3
040203 03138 4
5040301 2544 1
040302 25634 3
5040303 2080 4
5040304 20223 5
5040401 00 3
5040402 04351 4
5040403 07978 5
5040501 00 5
5040601 900 5
5040701 25464 1
5040702 25654 3
S040703 20980 4
5040704 20223 5

5040801 4573 0036
5040802  457e-5 0219
5040901 15 15 4

(41 I -

5M1001 00 5

5041101 0100 3

5041102 0000 4

041201 0 69040726 12613035 25802065 14246717 0.0 1
5041202 0 6800625.7 1265108.6 25803624 28328137 00 2
5041203 O 6378293.4 1264860.6 25804924 28643270 00 3
541204 0 6366390.7 12643068 25806119 27887426 00 4
504126 0 68570113 12633786 25806648 27519078 00 5
S041300 0

541301 09347433 37096577 0.0 1 * 13814456
5041302 11462864 49520300 0.0 2 = 13.8095%6
5041303 10797253 71294955 0.0 3 * 13.806859
5041304 09902432 87101253 0.0 4 * 13802393

5041401 0.036 10 10 10 3
5041402 01258 1.0 10 10 4

BESEXBSRRARBASBEREISSARFARARSEERIRREERERR SR ERRAR SRR NS XS AR LS

5080000 wpsepar  separatr

508001 3 ©

5080101 00 2120 0572 00 900 2120 457e-5
5080102 02134 00

5030200 O 6848284.2 12636485 25807346 52097025
5081101 508010000 516000000 00715 00 00 0100 02
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5082101 508000000 300000000 0.03964 100.0 1000 0000
5083101 504010000 308000000 01936 00 00 0000
5081201 -.4037061 27393586 00 * 27472266
5082201 377398%5 -1.743057 0.0 » 11039985
5083201 .11695245 1.0435258 0.0 * 13799421
ES P IR 33 A4 R 23 R 222 R 2 i 2238332323322 2332t E2 233323
5120000 wpsgspbp  branch

5120001 2 0

5120101 00 2120 06288 00 %0 2120 4575
5120102 01242 0

5120200 0 63453834 1236787.3 2582575.1 89235283
5121101 500000000 512000000 03164 00 00 0000
512101 512010000 516000000 00392 15 15 0000
5121201  305333-6 13297404 0.0 * 7.35566-3
5122201 -46.00500 -1.6715-3 0.0 * -28208-3
PRI 222233 2282322 22 232233 1222222224223 2232233232442 4
5160000 stmdome  snglvol

5160101 00 3778 20288 00 900 37778 4575
5160102 076% 00

5160200 O 68437315 1263114.0 2580824.8 99999971

s ilsg steam line

5200000 ilstminl  branch

5200001 2 0

5200101 00286 3282 00 00 00 00 4575
5200102 01909 00

5200200 O 6842807.7 12630693 25808245 99931553
5201101 516010000 320000000 00286 00 00 0100
5202101 520010000 524000000 00286 00 00 0000
5201201 1.8244014 25842639 0.0 * 27450542
5202201 27193749 25848676 0.0 * 27435870
E3 222332232333 7222222233222 ¢ ¢ 522% %3
5240000 ilstmin2  branch

5240001 1 0

5240101 0028 83587 00 00 00 00 457e-5
5240102 01909 0

5240200 O 68426999 12630634 2580835.0 99567266
5241101 524010000 528000000 000429 00 00 0000
5241201 15658958 17.236995 0.0 = 27466368

=

E22 2212213322233 2 2 222223222222

5280000  ilstmin3
5280101 000429

snglvol
1099 00 00 00 00 457%-5

5280102
5280200 0O

z

00735 00
63203938 12624541 23809558 93988240

AEEBERLERASERL LR IR BLRSTBAXI AR ZALETANALETAIIRERLT AR AL REXEKES

5290000 ilmsiv.~ valve

5200101 528010000 3532000000 000423 00 00 0100
5200201 0 5787014 17263%4 0.0 * 27467386
5290300  mtrvlv

5290301 578 501 2.0000000 1.0000000 0

BAXSSERESERAXREFEBRR SRR SRS RARESES SR L ESTRIRRESLLBERRRSESLRREY

5320000 viviovlv  snglvol

5320101 000429 5325 00 00 00 00 4575
530102 00739 O

5320200 0 6828376.3 12618587 25810639 99978697
5330000 ilchkvl valve

5330101 532010000 800000000 000423 00 00 0000
5330201 0 37947922 17.296149 00 * 27468079
5330300 chkvlv

5330310 0 O 00 00

BAEBXRATEIIXERSEEREXIRETRAZARERARREARBAZAVRSXBBRARIARNABAERE RN

5500000 auxfed tndpvol

5500101 80 50 00 00 00 00 00 O Q0O
500200 3

5500201 00 5.95300e+6 3130

BEXERRAKEER RS IR RN

5510000  auxfed tmndpjun

5510101 550000000 500000000 0.004

5510200 1 624

5510201 00 00 00 00

$10202 001 114000 00

5510203 50000 114000 00

5600000 wpstegfw  tmdpvol

5600101 0139 50 00 00 00 00 00 0 00
5600200 3

5600201 00 583400e+6 4535

BXEEELEFERARANRREKEAET SIS AREFESRXEREER

5610000 wpstegfw  tmdpjun

5610101 560000000 500000000 4.00e-3
5610200 1 550 cnulvar 561
5610201 00 00 00 00

561022 50 50 0O 00

~A.16-



61023 70 70 00 00 6001001 00 3
5610204 10000 70 00 00 6001101 0000 2
* 6001201 ¢ 13410474, 15567440 24452458 0.0 00 1
BEEARSEEEERRRR AR RIS RRIEBER AR RBA SN RRANERRERAEEREATERENISES 6001202 0 15449376, 1333202.1 24445627 0.0 00 2
= secondary relief and safety valves, broken loop 6001203 0 15463068, 1499159.9 24440035 0.0 00 3
EXXEERXRIAERERFXERANSREBB IR AL BB R B SRRRL LB RERIREESEREERER KN w)lm 0
* 6001301 794.073-6 794.073-6 0.0 1 * 1.73199-3
5690000  blsgrv  valve 6001302  793544-6 793.5H-6 00 2 * 1.76418-3
5630101 520010000 570000000 296e-4 00164 00 0100 *
5690201 0 0.0 0.0 0.0 + 00 T T L T T T T L L T PP PP LR R PP T
5690300  wpvlv ' 6030000  prssurgl  sngliun
5650301 603 6030101 610010000 600000000 3515-3 00 00 0100
* 6030201 0 794.821-6 -7.219%-3 00 + 1.70555-3
PLITITY * PIITTTTITYT o a0 *
5700000 contain tmdpvol P T R R e e LT ]
5700101 10e+8 100 00 00 00 00 00 00 00 6100000  prsrizer  pipe
5700200 3 6100001 8
57002001 00 10132%e+5 20315 6100101 00 1
* 6100102 02827 6
FRIAEREAFEREATANRERERR RSB LA RS 4R * 6100103 02731 8
5790000 blsgsv  valve 6100201 00 7
5790101 524010000 580000000 000195 000050 00 000 6100301 0201 1
5190201 O 00 00 00 * 00 6100302 0470 3
5790300  trpvlv 6100303  0.600 4
5790301 66 610034 062 6
* 6100305 05375 8
P L T ERRBSAETAARXTRTRREIXARERTAER 6100401 0.0325 1
5800000  contain  tmdpvol 6100402 00 8
5300101 10e+8 100 00 00 00 00 00 00 00 6100501 0.0 8
5800200 3 6100601  -90.0 8
5800201 00 1.013%e+5 29315 6100701  -0.201 1
* 6100702  -0470 3

Lo sassassenens s 6100703  -06 4
 pressurizer . 6100704  -062 6
XIS saseex s2s * 6100705 -05375 8
* 6100301 45%-5 03187 1
6000000 prssurgl  pipe 6100802 457e-5 0600 6
6000001 3 6100303  457e-5 02949 8
6000101  351%-3 3 6101001 00 8
6000301 6.7788 1 6101101 0000 7
6000302 9245 2 6101201 0 15390000. 1607801.4 24459749 99953877 0.0 1
6000303 54221 3 6101202 0 15390442. 16078139 24439753 9999%675 00 2
6000401 00 3 6101203 0 15300921. 16078315 24460614 99999994 0.0 3
6000601  -90.0 3 6101204 O 15391858, 15969825 2446633.1 5999999 0.0 4
6000701  -44077 1 610125 0 15394581, 15847086 24458587 00000001 0.0 5
6000702 -49% 2 6101206 O 15398636. 15816169 2445762.7 712.940-9 00 6
6000703  -25768 3 6101207 © 15402261. 15811316 244356768 163771-6 00 7
6000801 457e-5 00669 3 610128 0 15405460, 1575430.8 2443601.1 11.8471-6 00 8

-A17-



6101300 0

6101301 05232152 342199-6 0.0 1 * 574912-6
6101302 02728026 19.2080-6 0.0 2 » 573057-6
6101303 25326376 188555-6 0.0 3 s 5712.780-6
6101304 225335-6 -3544149 0.0 4 » 1.03481-3
6101305 6.04839-6 -6.17%-3 0.0 5 = 1.03511-3
6101306 6.39100-6 -.0391352 0.0 6 * 1.04155-3
6101307 8.43805-6 -.0518302 0.0 7 = 1.38226-3
6190000 spryin  sngljun

6190101 244010000 620000000 006 00 00 00102

6190201 0 00 00 00

FEEXRRRXE EERERR L

6200000 prsspryl  pipe

6200001 2

6200101 3534 2

6200301 243 2

6200601 900 2

6200701 807975 2

6200801 457e-5 00 2

6201001 o0 2

6201101 0000 1

6201201 0 15458294, 1258472.7 24455340 00 00 1
6201202 0 15399928, 1258581.6 24469176 0.0 00 2
6201300 0

6201301 00 00 00 1

25k (22223t i 442 ] *REX%E (22323

6210000  prsspryl  tmdpjun
6210101 620010000 610000000 0.0
6210200 1 524 p 610010000

6210201 00 00 00 00

6210202 15686 00 00 00
6210203 16036 088 00 00
x
2 et PR R R RIS I P22 22 222222222232 228322222 %
6500000 porvout tmdpvol
6500101 1.0e+1 100 00 00 00 00 00 0 00
600200 3
6500201 0.0 1.0132%e+5 29315
E 3

L2 2 2 2R 3322223222222 2322222232222 42 )
6510000 porv valve
6510101 610000000 650000000 366e-5 00251 00 0100
6510201 0 00 0.0 00 =00
6510300 trpviv

6510301 615

(R RS2 2R 2 2 2R3 222 P a i a a2 a2 i 3321222233322

6600000 prsfvout  tmdpvol
6600101 1.0e+8 100 00 00 00 00 00 O 00
6600200 3
6600201 00 1.01325e+5 2315
BERERRRARRARBES LR IBNABRLRELESRU RS R LR RXNSRANESBEETNERRXARXERRNE
6610000 prsfvaly  valve
6610101 610000000 660000000 154-4 02032 00 0100
6610201 0 00 00 00 =00
6610300 trpviv
6610301 52
(23133 L322 EEEEEBEXBEE S
* eccs
7200000 ilsi tmdpvol
7200100 435 100 00 00 00 00 00 00 00
7200200 3

1013e+5 31000

7200201 00

*

E2XER

= high pressure safety injection to cold leg

-------- % L 24

7210000  ilsi  wmdpjun

7210101 720000000 740000000 2.552-3
72102000 1 510 p 443010000
721001  -10 00 00 00
7210202 00 00 60 00
7210203 00 0634 00 00
7210204 606 0634 00 00
7210205 626 0671 00 00
7210206 646 06525 00 00
7210207 666 0634 00 00
7210208 686 0613 00 00
7210209 706 0600 00 00
7210210 726 057 00 00
7210211 746 0562 00 00
7210212 766 0540 00 00
7210213 786 0521 00 00
7210214 806 04% 00 00
7210215 826 0476 00 00
7210216 846 040 00 OO
7210217 866 0427 00 00

-A.18-



7210218
7210219
7210220
7210221
7210222
7210223
7210224
721025
7210226
*7500000
*7500101
*7500200
+7500201

EXXXRBEEERA KRS SRAREN %

7300000
7300101

886 0405 00 00
906 0379 00 00
926 032 00 00
94e6 0319 00 00
966 0209 00 00
986 025 00 00
100e6 0202 00 00
1026 0124 00 00
10.35¢6 00 00 o0
ilsi tmdpvol
435 100 00 00 00 00 00 00
3
00 1013e+5  310.00
ilsi  tmdpjun
750000000 152000000 2.552-3
1 511 p 152010000
-10 00 00 00
00 00 00 00
0.0 138 00 00
606 138 00 00
626 1343 00 00
646 1305 00 00
66e6 1268 00 00
686 128 00 00
706 1200 00 00
726 1155 00 00
746 1125 00 00
76e6. 1080 00 00
786 1043 00 00
8056 098 00 00
826 0853 00 00
846 0900 00 00
866 085 00 00
886 0810 00 00
906 0738 00 00
926 075 00 00
G4e6 0638 00 00
966 0578 00 00
986 0510 00 00
1006 0405 00 00
1026 0248 00 00
103%6 00 00 00
I3 2222222322222 283
ilchrg tmdpvol
4375 100 00 00 00 00 00 00 00

700200 3
7300200 00 1013e*5 300.00

BESSERRBIRBRAAEEREETISEANBLALERL RSB CRAIIBENRESAEAN XA ARRESERS

7310000 ilchrg tmdpjun

7310101 730000000 740000000 2352e-3
7310200 1 505 p 443010000

7310201 ~10 0.0 00 00
7310202 0.0 00 00 00
7310203 00 013 00 00
7310204 1506 013 00 00

BEEFFRSAABBELEERS LRI ADESRAIERNS SNSRI BIBRERSB RN R RN LA NT RS

7400000 flecesln  snglvol

7400101  2552%-3 160 00 00 00 00 33335
7400102 00 00

7400200 0 15558371, 83230665 24455322 0.0

TI00000  bisi tmdpvol
TI0101 431 100 00 00 00 00 00 00 0
00200 3

700200 00 1013e+5 28315

: ] % e wEEERK

+ eccs flows from zion deck, assume even flow split betwen loops

REEER ¥

7710000 blsi  tmdpjun

7710101 770000000 790000000 25523
70200 1 512 p 248010000
e -10 00 00 00
7710202 00 00 00 o0
7110203 00 084 00 00
10204 606 0634 00 00
TI0205 626 06711 00 0O
7710206 646 06525 00 00
770207 66e6 0634 00 00
7710208 6865 0619 00 00
7710209 70e6 0600 00 00
7710210 726 0517 00 00
770211 T4e6 0562 00 00
7710212 76e6 0540 00 00
7710213 786 0521 00 00
7710214 80e5 049 00 00
Ti10215 826 0476 00 00
7110216 84e6 0430 00 00
N7 866 0427 00 00
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7710218 885 045 00 00
7710219 906 0319 00 00
7710220 926 0x%2 00 00
7710221 846 0319 00 00
710222 96e6 029 00 00
7110223 986 025 00 00
7710224 1006 0202 00 00
7710225 1026 0124 08 00
7110226 10336 00 00 00

SAEXEXFXARER LSRR EDEAFSEEEREAENELLEL TR LN SRELERERSEBINS XS SRS

7800000 bichrg tmdpvol

7800101 4375 100 00 00 00 00 00 00 00
7800200 3

7800201 00 1.013e+5 28315

7810000  blchrg tmdpjun

7810101 780000000 790000000 2552e-3

7810200 1 55 p 24010000

7810201 -10 00 00 00

7810202 00 00 00 00

7810203 0.0 013 00 00

7810204 1506 013 00 00

7900000 bleccsin snglvol

7900101 907%-4 160 00 00 00 00 33335
790012 00 00

7900200 0 15483401, 83231356 24435315 0.0

* common steam header to jet condensor

8000000 headerl snglvol

8000101 000741 32 00 00 00 00 4575
8000102 00 00

8000200 0 67280630 12618435 2581117.8 99983487
8010000  headvlv  valve

8010101 800010000 804000000 000741 00 00 0000
8010201 0 28818423 10.014497 00 » 27468959
8010300 trpvlv

8010301 53

8030000 trbbpvly  valve

8030101 800000000 808000000 536¢-4 00 00 0100
8030201 0 00 0.0 00 * 00
8030300 srvvlv

8030301 40

2SXBEXLXIRLEREERXARARERZBALARBRZERARRXRE SRS NS SRR RAS AR

8040000 header2  snglvol

2040101 000741 32 00 00 00 00 4575
8040102 00 00

8040200 O 67109895 12614924 25811125 99991458
8050000 thrvlv  valve

8050101 804010000 812000000 0.00741 00 00 0100
8050201 0 86393460 20.055846 0.0 = 54949115
8050300 stvvlv

8050301 805

E 3

8080000 trbbpln  snglvol

80630101 000741 13335 00 00 00 00 4575
800102 00571 O

8080200 0 6658740.0 12623722 25800995 99988891
8090000  bplnjc  sngliun

8090101 808010000 816000000 000741 060 0 0100
8090201 0 2.13640-3 -237.33-9 0.0 * 1233416
(2122 ¥ EXEEEER SRERE
8120000 trbthrln  snglvol

8120101 000741 8730 00 00 00 00 4575
8120102 00971

8120200 0 62060224 1248286.1 2583199.0 99913646
8130000 thrlnjc  sngljun

8130101 812010000 820000000 000741 00 00 Q10
8130201 0 83986178 20.802777 0.0 = 5494835
F s R P I R SRS PR 2222222222238 2222222233232 2123
8160000 jetdvl tmdpvol

8160101 10e+8 100 00 00 00 00 00 00 00
8160200 2

8160201 00 654+ 10

*

EESEXFBENXL AR EERERSERFSNEAEEETERAEXNEAELAS KB VL ERXETRBEXRRBRBRAS
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8200000
8200101
8200200
8200201

*

tmdpvo!
100 00 00 00 00 00 00 00

jetdv2
1.0e-8
2

00 654e+6 10

ZEXNEXETZXIXRRARTXRSZRNXBIS XL IS ESE AR SR LASTISERSSRERRRRERRRLERN

* containment volume for environmental heat losses

BEEFERSERLEIELXIEFLCE RS EESRSBAS LR LS LS LA LSRR EIRBERISRBASRE KRR

9000000
9000101
9000102
8000200
6100000
9100101
9100201
5200000
9200101
5200200
9200201

envsink snglvol
2000. 100 00 00 00 00 4575
00 00

0 1034e5 320 10

envsijn sngljun
900010000 920000000 000741 00 00 0100
1 10e-5 10e-5 00

envsink tmdpvol

2000. 1000 00 00 00 00 00 O 10
4

00 10345 320 10

PR a2 e R P Rt i 22322 s 222334222222 24322 2212222322 ]

* boundary system for steady state

9300000 bdryvol  tmdpvol

9900101 02 063 00 00 00 00 00 00 0000
9900200 2

9900201 00 1538+7 10

0890000  bdryviv  valve

9890101 990000000 610000000 1.0 00 00 0000
9890201 0 1623-3 559379-6 0.0

9830300 trpvlv

9890301 599

L it 2223222228233 EXENEES EEXRD E 13

* reactor vessel heat structures

LR L2222 2222 2 R 2212322 2Rt R R34 222222322 234

*

BEEBLEXESXRLTERRE * x3 * X%

= 100-1; vessel wall above nozzles, below upper head flange

SEABEXXEXXELEILERABLELXLLRR LR RRESARARS

11001000
11001100
11001101

i3 22224

1 7 2 1 030
0 1
1 0323

11001102 4 0.476

11001103 1 0601

11001201 5 1

11001202 6 5

10012003 9 6

11001301 00 6

11001400 ©

11001401 5622 1

11001501 100010000 01 1 083 1
11001601 900010000 0 1 1 088 1
11001701 0 0 0 0 i

11001801  0.100 100 000.0.0.1. 1
11001901 0.100 100 000.0.0. 1. 1

*

(222222282222 22 2223 d i is R il i 123 234322232223

s 104-1; reactor vessel wall below nozzles

XSRS XASALEXLEEEXRB AR AINEXEREXRBR R ARERXL R AR R XREBETREEER RN

*

1041000 12 7 2 1 0320

11041100 0 1

1o 1 0323

1104112 4 0381

11041103 1 0.306

11041201 5 1

1104122 6 5

104123 9 6

11041301 00 6

11041400 0

11041400 5622 7

11041501 104010000 01 1 0600 1
11041502 108010000 01 1 0671 2
11041503 108020000 01 1 087 3
11041504 108030000 10000 1 1 0610 9
11041510 108090000 01 1 12588 10
11041511 112010000 01 1 0445 11
11041512 116010000 0 1 1 04762 12
11041601 900010000 0 1 1 0600 1
11041602 900010000 0 1 1 0677 2
11041603 900010000 0 1 1 087 3
11041604 900010000 01 1 0610 9
11041610 900010000 0 1 1 12588 10
11041611 900010000 01 1 045 1
11041612 900010000 0 1 1 04762 12
meqi;or 0 0 00 12
11041801  0.100 100 00 0.0.0. 1. 12
1141901  0.100 100 000.0.0.1. 12

* 112-1: vessel hoziom and flenge
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L T L T P P Ty e 11201201 3 4

. 11201301 00 4

11121000 1 7 1 1 00 11201400 O

1121100 0 1 11201401 5622 5 .
mneene 1 0.003 11201501 120010000 0 1 1 1258 1
1121102 4 0.724 11201502 124010000 10000 1 1 0610 7
112113 1 0849 11201503 128010000 01 1 087 8
H121201 5 1 11201504 132010000 0 1 1 0677 9
1121202 6 5 11201505 136010000 01 1 0600 10
11121203 9 6 11201506 140010000 0 1 1 03674 11
1121301 00 6 11201507 144010000 01 1 0897 12
11121400 O 11201601 108090000 01 1 1258 1
11121400 5622 7 11201602 108080000 -10000 1 1 06100 7
11121501 112010000 01 0 086 1 11201603 108020000 0 1 1 0867 8
11121601 500010000 01 1 06 1 11201604 108010000 0 1 1 06T 9
11121701 0 0 0 0 1 11201605 104010000 01 1 0600 10
11121801 0.100 100 000.0.0.1. 1 11201606 100010000 01 1 036714 11
11121901 0.100 100 000.0.0 1 1 11201607 100010000 0 1 1 0897 12
SEXFRRSRXEELEEITRRNEES 11201701 0 0 0 0 12

* 112-2: heater rods, below heated section 11201801 0.100 100 00 0.0.0.1. 12
sssressssiazessnny *saesa 11201901 0.10.10. 00 0.0 00 1 12
11122000 3 4 2 1 00 Exsasannen SERRIARRESREFRSRRRERIERSACIURRES
1210 0 1 * 124-1: heated section of heater rods

112100 1 0.002 serrane *

mie 1 0.00295 .

m218 1 0.00375 11241000 6 9 2 1 00

12201 3 ] 11241100 0 1

maze 1 2 1241100 2 0.00200

11122203 4 3 1141102 2 0.00260

122301 00 3 413 2 €.00375

11122400 0 11241104 2 000475

1112401 5622 4 na20 7 2

11122501 0 00 1 7.2 1 1241202 2 4

11122502 0 0 0 1 562 2 41203 1 6

11122503 0 0 0 1 14703 3 1241204 4 8

11122601 112910000 0 1 1 @12 1 11241301 00 2

1122602 116410000 0 1 1 562 2 11241302 10 4

11122603 120010000 ¢ 1 1 14703 3 11241303 00 8

11122701 0 0 0 0 3 11241400 ©

11122901 0.100 100 000001 3 11241401 6006 9

B T T e T R e R T T T e * 11241501 0 0 0 1 649.00 6
* ]20-1: core batel 11241601 124010000 10000 1 1 64900 6
RERsRERSRRISRTRY sasxs srrsnsNRReS 11241701 88 003563 00 00 1

* 11241702 888 01732 00 00 2

11201000 12 3 2 1 0257 11241703 888 0.23900 00 00 3

11201100 0O 1 11241704 88 023900 00 00 4

11201101 4 0267 1241705 88 01732 00 00 5
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11241706 838 0068 00 00 6

11241901 0. 0305 335 0.0 0 0101
11241902 0. 0915 235 0.0 0 010 2
11241903 0. 1525 213 0.0 0 0.10 3
11241904 0. 213H 13% 0.0 0 010 4
11241905 0. 2745 0915 0. 0 0 0.10 5
11241906 0. 33% 0305 0.0 0 0106
REEXIRRBEXLSAS L XA ARB LSS EVER S AR SREZF SRR EIARAS LR RS R R ERER S
» 124-2: unheated instnument rods
BREXFSSEPNRESRLARE SR A RE SIS ENRRS XA ERSRARABEBFXRER SR RR SRS XSRS
E 3
11242000 6 6 2 1 00
11242100 © 1
11242101 3 0.00432
1124212 2 0.00612
11242201 1 2
HA202 5 5
11242301 00 5
11242400 0
11242401 6006 6
11242501 0 0 0 1 63.44 6
11242601 124010000 10000 1 1 634 6
11242101 0 0 0 0 6
11242001 0. 100 1000.0. 0001 6
E 232 L2212 22223 23332222323 3323 22223222224
* 128-1: upper plenum internals
L) E2 2] EXANEAEERAEEREELEELEN KRR XAE SR L EXERAREEES
E ]
11281000 1 5 1 1 00
HBI0 o 1
11281101 4 0023
11281201 S 4
11281301 00 4
11281400 0
11281401 5842 5
11281501 128010000 01 0773
11281601 128010000 01 0773
11281701 0 0 0 o 1
11281801 0.100 1000.000.0. 1.1
11281901 0.100 1000.000.0. 1. 1
*
ISR E3E2 23328 222232822 2 222 ) 123214 *
* 132-1; guide tubes
P P PR S S P PR PR R 2233222222222 223282323322 822 222
*
11321000 5 4 2 1 004405

1321100 0 1

HRN 3 004655

3210 5 3

11321301 00 3

1321400 0

11321401 6006 4

11321501 156020000 01 1 5406 1
11321502 156020000 01 1 4800 2
11321503 156010000 01 1 2939 3
11321504 156010000 01 1 717 4
111305 156010000 01 1 5.800 5
11321601 132010000 01 1 5.406 1
11321602 136010000 01 1 4800 2
11321603 140010000 01 1 2939 3
11321604 144010000 01 1 7.176 4
1IRI66 148010000 01 1 5800 5
11321701 0 0 0 0 5

11801 0. 100 100 0.0 000.1. 5
1H321%01 0. 100 100 0.0 0001 5
P i I I IR s I 2222222232333 33333831233 33233 311}
+ 144-1: upper core support plate

S I ettt LR RS P T P I IR R PR 22332233223 233343222222 3
141000 1 9 1 1 00

11441100 0 1

1141100 8 034

11441201 5 8

11441301 00 8

11441400 0

11441401 5622 9
11441501 144010000 01 0 0% 1
11441601 140010000 01 0 015 1

ndim 0 o0 0 0 1
11441801  0.100 1000.000.0. 1. 1

11441901 0.100 1000.000.0.1. 1

*

Py L ST e et e e PR I PR TR SR SRR R 222233423228 22 22 22233

s 148~1: reactor vessel wall above upper plenum flange

BESSFENBEERSIERS IR PR SETEXXERENRENXR R ERRVSRA RSB AREENRREXRTNE

L2

81000 1 7 2 1 0.320
uenn o0 1 ’

1481101 1 0323

148112 4 052

nsluE 1 0.647

1481200 5 1

148122 6 5

148128 9 6
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11481301 00 6
11481400 0O

11481401 5622 7
11481501 148010000 0

11481601 900010000 0 1 1 0404 1

11481701 0 0 0 0 1

11481801 0.100 1000.000.0. 1.1

11481901 0.100 1000.000.0. 1. 1
SEIFIERXNRERRETAREXSENSIAABRBRERABERSSXBANLRBRRREARARANE ISR R ARS
» 1352-1: reactor vessel upper head

EEEEEBEREEES AR RESRBER AR SNSRI L AR ARSI RERAX A RSB UK R B RREXRXRXR ¥

11521000 1 7 3 1 0320
05200 0 1

1s21101 1 0.324

1052112 4 034

1132118 1 0479

ns2im 5 1

11202 6 5

1152128 9 6

11521301 00 6

11521400 ©

11521401 5622 7

11521501 152010000 01 1 05 1
11521601 500010000 01 I 05 1
us? o ¢ 0 ¢ 1

11521801 0.100 1000.000.0.1. 1

11521901  0.100 1000.000.0.1. 1

R ]

BEBEEXEXERESEBERAERREBAA AN FEXLEARSIREERASXNESEXS RIS RN RRT RS

. loop heat structures

. ht str no. 212-1  blsg inlet/outlet plnm hemisph

12121000 2 6 3 1 03 O

12121100 0 1
12121101 1 0330
12121102 2 0430
12121103 2 0555
12121201 5 1
12121202 6 3
12121283 5 5
12121301 00 5
12121400 -1

12121401 583000 58000 583000 583000  S583.000

- 5%3.000
12121402 57000 307000 357.000 557000 557.000
+ 357000

12121301 212010000 0 1 1 0.1872 1
12121502 228010000 0 1 1 01872 2
12121601 900010000 O 1 1 0.1872 2
12121701 0 0 0 0 2
12121801 0. 100 1000 0 0 0 1 2
12121901 0. 100 :1000. 0 0 0 L 2

*

BIE I TSI T IC S22 TSI IC S CLI LIS TCTSCSTITSTEASTTISISSSIIXIESR
* ht str no. 212-2  blsg inlevoute: plnm walls

©
b
o
&
o

12122000 4 6

12122100 0 1
12122101 1 0368
12122102 2 0434
12122103 2 0339
12122201 5 1
12122202 6 3
12122203 9 5
12122301 00 5
12122400 -1

12122401 383000 583000 583000 583000  583.000
+ 383.000
12122402 557000 557000  557.000 557000  S57.000
+ 537000
12122403 383000 583000 583000 583000  583.000
+ 583.000
12122404 557000 557000 557000 557000  557.000
+ 557.000

12122501 212010000 O 1 1 04237 1
12122502 228010000 0O 1 1 04237 2
12122503 216010000 O 1 1 1.1035 3
12122504 224010000 0 1 1 11035 4
12122601 900010000 O 1 1 04237 2
12122602 900010000 O 1 1 1.1035 4
12122701 0 0 0 0 4
12122801 0 100 100 0 0 0 01
12122202 0. 100 100 0. 0 0 01
12122901 v 100 100 0 0 0. 01
* ht str no. 20-2 hlsg inlet/outlet tube sheet

12202000 2 4 2 1 00088 0O
12262100 0 1
12202101 3 00163
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12202201 5 3 13001601 900010000 O 1 1 9.0016 1
12202301 00 3 13001602 900010000 0 1 1 83920 2
12202400 -1 13001603 900010000 O 1 1 10.2616 4
12202401 583000 533000 583000 583000 13001604 900010000 O 1 1 102380 5
12202402 557000 557000  557.000  557.000 13001701 0 0 0 0 5
12202501 220010000 0 1 1 4540 1 13001801 0. 100 100 0 0 0 0 115
12202502 220080000 0 1 1 4540 2 13001901 0. 100 100 0 G O 0 15
12202601 0 0 0 1 4540 2

12202701 0 0 0 0 2 #3CTZoI¥ISoTISTIZATSSSSSISSI.SSTTIIIITasmssSoacoaszossazs
12202801 0. 100 100 0.0.0. 0. 1. 2 * ht str no. 300-2  blsg upper de 1o separator

. steam generator in the loop without pressurizer 13002000 2 2 2 1 02514 o0
EEARFERENBARENSRBUEIRSENSSERARAI XS ERTASERTEEIAERINIAIINRIS82S 13002100 0 1

» 13002101 1 0254

12201000 8 8 2 1 000980 13002201 5 13

12201100 0O 1 13002301 00 1

1201100 7 00177 13002400 0

12201201 5 7 13002401 580. 2

12201301 00 7 13002501 304050000 0O 1 1 0.6461 1
12201400 0 13002502 308010000 O 1 1 212 2
12201401 5624 8 13002601 300010000 0 1 1 06461 1
12201501 220010000 O ! 1 3580 1 13002602 308010000 © 1 1 2120 2
12201502 220020000 10000 1 1 36172 3 13002701 0 0 0 0 2
12201503 220040000 10000 1 1 30636 5 13002801 0 100 100 0 0 0 O 1 2
12201504 220060000 10000 1 1 367 7 13002901 0 100 100 0 0 0 0 1.1
12201505 22008000 0 1 1 30(. 8 13002902 0. 100 100 0 0 0 O 1 2
12201601 304010000 0 1 1 3380 1 *

12201602 304020000 10000 1 1 361 3  ssza=ssszsssssssssassss sz

12201603 304040000 0 1 1 3063 5 * ht str no. 300-3  blsg upper sg shell to environ
12201604 304030000 -10000 1 1 36R 7 *

12201605 304010000 0 1 1 30( 8 13003000 4 6 2 1 0435 0

12201700 0 o0 0 0 8 13003100 0 1

12201801 0. 100 100 00 Q. 00 0 1L 8 13003101 1 0.4405

12201901 0. 100 100 00 ©0 00 O 1. 8 13003102 2 04785

* 13003103 2 06035

. 13003201 5 1

13001000 5 5 2 1 00486 O 13003202 6 3

13001100 0 1 13003203 9 5

13001101 2 00572 13003301 00 5

13001102 2 01572 13003400 0

13001201 5 2 13003401 530. 6

13001202 9 4 13003501 300010000 O 1 1 06461 1
13001301 00 4 13003502 304050000 © 1 1 1.0104 2
13001401 5640 5 13003503 312010000 O 1 1 2120 3
13001501 300010000 O 1 1 90016 1 13003504 316010000 O 1 1 34278 4
13001502 300020000 © 1 1 83920 2 13003601 900010000 O 1 1 0.6461 1
13001503 300030000 10000 1 1 10.616 4 13003602 900010000 0 1 1 1.0104 2
13001504 300050000 O 1 1 10.2330 5 13003603 900010000 O 1 1 2120 3
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13003604 900010000 © 1 1 3427 4 13041100 0 1
13003701 0 0 0 0 4 13041101 1 0330
13003301 0 100 100 0. 0. 0 0 L1 13041102 2 0380
13003802 0. 100 100 0. 0. 0 012 13041103 2 0505
13003803 0. 100 100 0. 00 0 0 13 13041201 5 1
13003804 0 100 100 0. 0 0 0114 13041202 6 3
13003901 0. 100 100 0. 00 0 0 14 13041203 9 5
d 13041301 00 5
%ZS=TcTssSSssSScozs=ssTSoIaTsSCS=IIsTSsSsSSsSTIsosssESIssosss * 13041400 0
» ht str no. 300-4  blsg Jower sg de to boiler 13041401 530. 6
hd 13041501 304010000 O 1 1 12827 1
13004000 1 2 2 1 0345 0 13041502 304020000 10000 1 1 25654 3
13004100 0 1 13041503 304040000 0 1 1 2098 4
13004101 1 0.351 13041504 304050000 O 1 1 0.3658 5
13004201 5 1 13041601 900010000 © 1 1 12827 1
13004301 00 1 13041602 900010000 © 1 1 25654 3
13004400 0 13041603 900010000 © 1 1 2098 4
13004401 560. 2 13041604 900010000 © 1 1 0.3658 5
13004501 304010000 © 1 1 1.0637 1 13041701 0 0 0 0 5
13004601 300050000 © 1 1 1.0637 1 13041801 0. 100 100 0 0 O 0 1 4
13004701 0 0 0 0 1 13041802 0. 100 100 0 0 0 0 15
13004801 0 100 100 0. 00 00 1 1 13041901 0. 100 100 0 0 O0 015
13004901 0. 100 100 0. 0. 00 I 1 *
#zzzzszzsssss=zssssszsszsszssrssIssas s===z=2= * ht str no. 312-1  blsg separator to sep bypass
s ht str no. 300-5 blsg lower sg dc wall to environ *
13121000 1 2 2 1 0292 0

13005000 1 6 2 1 0370 0 13121100 0 1
13005100 0 1 13121101 1 03012
13005101 1 0373 13121201 5 1
13005102 2 0405 13121301 00 1
13005103 2 0.530 13121400 0
13005201 5 1 13121401 550. 2
13005202 6 3 13121501 308010000 O 1 1 17886 1
13006203 9 5 13121601 312010000 O 1 1 1.78% 1
13005301 00 5 13121701 0 0 0 0 1
13005400 0 13121801 0 100 100 0 0 o001 1
13005401 530. 6 13121901 0 100 1000 0 0 0 0 1 1
13005501 300050000 0O 1 1 12637 1 *
13005601 900010000 © 1 1 12637 1 #zzzzzzcs=szszssscsSSsESSsSSss==SITssIssss ==szs=ssss====== ==x
13005701 0 0 0 0 1 * ht str no. 316-1 blsg hemisph top to environ
13005801 0. 100 100 o0 0 00 L1 .
13005901 0. 100 100 0 0 0 0 11 13161000 1 6 3 1 0447 0
* 13161100 0 1

==zzzz=zszzsozzsssssssIssssssss = 13161101 1 0451
* ht str no. 304-1 blsg boiler wall to environ 13161102 2 0473

* 13161103 2 0598

13041000 5 6 2 1 0347 0 13161201 5 1
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13161202 6 3 14002000 18 5 2 1 00l 0

13161203 9 5 14002100 0 1

13161301 0.0 5 14002101 2 0.1219

13161400 0 14002102 2 0.2469

13161401 50. 6 14002201 5 2

13161501 316010000 0 1 1 0391 1 14002202 9 4

13161601 900010000 © 1 1 0391 1 14002301 0.0 4

13161701 0 0 0 ] 1 14002400 0

13161801 0. 100 100 0 0 0 0 L1 14002401 557. 5

13161901 0. 100 1000 0 0 0 O L1 14002501 432010000 O 1 1 0516 1

. 14002502 432020000 10000 1 1 1242 4

* 14002503 432050000 0 1 1 1.1919 5

- primary loop piping heat structures . 1400504 436010000 0 1 1 1.1919 6

* ' « 14002505 436020000 10000 1 1 1122 9

* ht str no. 400-1 il + bl kI heat struct 14002506 232010000 © 1 1 0516 10

+ 14002507 232020000 10000 1 1 1242 13

14001000 8 5 2 1 0105 O 14002508 232050000 0 1 1 1.1919 14

14001100 0 1 14002509 236010000 0O 1 1 1.1919 15

14001101 2 0.1981 14002510 236020000 10000 1 1 1122 18

14001102 2 03231 14002601 900010000 O 1 1 0516 1

14001201 5 2 14002602 900010000 0 1 1 12422 4

14001202 9 4 14002603 900010000 O 1 1 1.1919 6

14001301 00 4 14002604 900010000 O 1 1 1122 9

14001400 0 14002605 900010000 0 1 1 0516 10

14001401 5830 5 14002606 900010000 O 1 1 12422 13

14001501 400010000 O 1 1 1.3246 1 14002607 900010000 © 1 1 1.1919 15

14001502 404010000 © 1 1 1.2668 2 14002608 900010000 © 1 1 1122 18

14001503 408010000 © 1 1 0.59%68 3 14002701 0 0 0 0 18

14001504 408020000 O 1 1 05278 4 14002801 0. 100 100 0 0 0 O

14001505 200010000 O 1 1 13246 5 14002901 0. 100 100 0 0 O O

14001506 204010000 0 1 1 1.2668 6 =

14001507 208010000 © 1 1 05568 7  ws=== zzzzsszzss = == zazs

14001508 208020000 O 1 1 05278 8 * ht str no. 400-3 il + bl ¢ heat struct

14001601 900010000 O 1 1 1.3246 1

14001602 900010000 O 1 1 1.2668 2 14003000 7 5 2 1 015 0

14001603 900010000 O 1 1 0.5968 3 14003100 0 1

14001604 900010000 © 1 1 05278 4 14008101 2 0.1937

14001605 900010000 0 1 1 13246 5 14003102 2 03187

14001606 900010000 0 1 1 1.2668 6 14003201 5 2

14001607 900010000 O 1 1 05968 7 14003202 9 4

14001608 900010000 © 1 1 05278 8 14003301 0.0 4

14001701 0 0 0 0 8 14003400 0

14001801 0. 100 100 0. 0. 0 0 1 8 14003401 5570 5

14001901 0. 100 100 0. 0 0 01 8 14003501 244010000 © 1 1 1.0562 1

* 14003502 248010000 © 1 1 1.1067 2
----------- szzzzssszzssssIzassscosazass 14003503 252010000 O 1 1 1315 3

. ht str no. 400-2 il + bl col heat struct 14003504 444010000 0 1 1 0.647 4

* = 4003505 448010000 O 1 1 0878 5
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14003506 452010000 10000 1 1 09732 7 14122401 533000  583.000 583.000 583.000 533.000
14003601 900010000 O 1 1 1.05682 1 + 553.000
14003602 900010000 O 1 1 1.1067 2 1412402 557000  557.000 557.000 557.000 557.000
14003603 900010000 0O 1 1 1315 3 + 557.000 g
14003604 900010000 0 1 1 0647 4 14122403 583000  583.000 583.000 583.000 583.000
14003605 900010000 O 1 1 0878 5 + 583.000
14003606 900010000 O 1 1 09732 7 14122404 §7000  557.000 557.000 557.000 557.000
14003701 0 0 0 0 7 + 557.000
14003801 0. 100 100 6 0 0 017 14122201 412010000 0 1 1 04237 1
14003901 0. 100 100 0. 0 0 017 14122502 430010000 0 1 1 0.4237 2
* 14122503 416010000 © 1 1 1.1035 3
ss=zz==== s=szzzzzszsszsssssoozssrsszzoessssozzzzzassss 14122504 424010000 O 1 1 11035 4
* ht str no. 412-1 ilsg inlev/outlet pinm hemisph 14122601 900010000 © 1 1 04237 2
14122602 900010000 0 1 1 1.1035 4

14121000 2 6 3 1 0377 0 14122701 0 0 0 0 4
14121100 0 1 14122801 0. 100 1000 0 0 0 0 1 2
14121101 1 0380 14122802 0. 100 100 0 0 0 O 1 4
14121102 2 0430 14122901 0. 100 1000 0 0 O O 1 4
14121103 2 0555 *
14121200 5 1 szzzszz=ss sz===s==sz=s=s==s==s=sz=sss
14121202 6 2388 T sanx 13 sarx
14121203 9 5 * ht str no. 420-1 intact loop sg tubes
14121301 00 5 BEESEERESR SRR EIIIERO RIS RARBERRARBES *
14121400 -1 *
14121401 583.000 583.000 583000 583000 583000 14201000 8 8 2 1 0.00980
+ 583.000 14201100 0 1
14121402 551.000 557.000 557000 557000 557000 14201101 7 00127
+ 557.000 14201201 5 1
14121501 412010000 © 1 1 0.1872 1 14201301 00 7
14121502 430010000 © 1 1 0.1872 2 14201400 0
14121601 900010000 0 1 1 01872 2 14201401 5624 8
14121701 0 0 0 0 2 14201501 420010000 0 1 1 359.04 1
14121801 0. 100 100 0 0 0 01 2 14201502 420020000 10000 1 1 36172 3
14121901 0. 100 100 0 0 0 012 14201503 420040000 10000 1 1 30636 5
* 14201504 422010006 10000 1 1 36172 7
#3===s==2x2zSSsssSzeszssssssszosssasss === 14201505 42030000 0 1 1 359.04 8
* ht str no. 412-2  ilsg inlet/outlet plam walls 1401601 504010000 0 1 1 35804 1

* 14201602 504020000 10000 1 1 361.712 3
14122000 4 6 2 1 0365 0 14201603 504040000 0 1 1 306.36 5
14122100 0 1 14201604 504030000 -10000 1 1 361.72 7
14122101 1 0368 14201605 504010000 0 1 1 359.04 8
14122102 2 0434 1401701 0 O 0 0 8
14122103 2 059 14201801 0. 100 100 00 O 00 O 1 8
14122201 5 1 14201901 0. 100 100 60 0 00 O 1 8
14122202 6 3 *
14122203 9 5 " #zzzsas === sz==z s====z
14122301 00 5 - ht str no. 420-2 ilsg inlet/outlet tube sheet
14122400 -1 * *
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14202000 2 4 2 1 0008 0
14202100 0 1
14202101 3 00163
14202201 5 3
14202301 00 3
14202400 -1
14202401 5683000 583000 583000  5833.000
14202402 557000 557000 557000  357.000
14202501 420010000 ¢ 1 1 4£5.40 1
14202502 422030000 0 540 2
14202601 0 0 0 1 4540 2
14202701 0 0 0 0 2
14202801 0. 100 100 0 0 0 0 1 2
RaE srss sxsaReas ssa

. ht str no. 421-1 intact loop sg tubes
14211000 8 8 2 1 0.00380
s14211100 O 1
14211101 7 Q017
+14211201 5 7
*14211301 00 7
*14211400 0
*14211401 5624 8
*14211501 428010000 O 1 1 28714 1
s14211502 428020000 10000 1 1 2564 3
=14211503 428040000 10000 1 1 21728 5
*14211504 419010000 10000 1 1 25654 7
*14211506 419030000 0 1 1 2874 8
*]4211601 504010000 O 1 1 2814 1
*14211602 504020000 10000 1 1 254 3
+14211603 504040000 0 1 1 2178 5
*14211604 504030000 -10000 1 1 25654 7
*14211605 504010000 0 1 1 2874 8
14211700 0 O O O 8
214211801 0. 100 100 00 0. 00 O 1 8
*14211901 0. 100 100 00 0. 00 O 1 8
s ht str no. 421-2 ilsg inlet/outlet tube sheet
*14212000 2 4 2 1 00098 O
»14212100 0 1
*14212101 3 00163
+14212201 5 3
»14212301 00 3
*14212400 -1
*14212401 583000 533000 583000 58000

-A.

14212402 557000 357000 557000  557.000

=14212501 428010000 O 1 1 28724 1
=14212502 419030000 0O 1 1 28724 2
*14212601 0 ] 0 1 28724 2
*14212701 0 0 0 0 2
*14212801 0. 100 100 0 0 0 0 1 2

* ht sr no. 500-1  ilsg external de pipe 10 environ
15001000 5 5 2 1 0046 O

15001100 0 1

13001101 2 00572

15001102 2 0.1572

15001201 ) 2

15001202 9 4

15001301 00 4

15001401 5640 5

15001501 500010000 0 1 1 9.0016 1
15001502 500020000 0 1 1 83920 2
15001503 500030000 10000 1 1 10.2616 4
15001504 500050000 O 1 1 10.2380 5
15001601 900010000 © | 1 9.0016 1
13001602 900010000 O 1 1 83520 2
15001603 900010000 O 1 1 102516 4
15001604 900010000 0 1 1 10.2380 5
15001701 0 0 0 0 5
15001801 0. 100 100 0 0 0 0153
15001901 0. 100 100 0 0 0 0 1 3

* ht str no. 500-2 ilsg vpper dc to separator
15002000 2 2 2 1 0214 O

15002100 0 1 ‘

15002101 1 02554

15002201 5 1

15002301 00 1

15002400 0

13002401 560. 2

15002501 504050000 © 1 1 06961 1
13002502 508010000 0O 1 1 2120 2
15002601 500010000 O 1 1 0.6461 1
15002602 508010000 © 1 1 2120 2
15002701 0 0 0 0 2
15002801 0. 1000 1000 0 0 00 1. 2
15002901 0. 100 1000 o0 0 00 1 1
15002002 0. 100 100 0 0 00 1 2



#TSSSSSIsS=&SSSSSSSSsTISSSTosISsIsIssIssSsSss=s=Isssosszacos 15003000 1 6 2 1 0.370 0
» ht sor no. 500-3  ilsg upper sg shell to environ 15005100 0 1
15003101 1 0373
15003000 4 6 2 1 04355 0 15005102 2 0.405
15003100 0 1 15005103 2 0530
15003101 1 0.4405 15005201 5 1
15003102 2 0.4785 15005202 6 3
15003103 2 06035 15005203 9 5
15003201 5 1 15005301 00 5
15003202 6 3 15005400 0
15003203 9 5 15005401 530. 6
15003301 00 5 15005501 500050000 O 1 1 1.2637 1
15003400 ] 15005601 500010000 0 1 1 12637 1
15003401 530. 6 15005701 0 0 0 0 1
15003501 500010000 0O 1 1 06461 1 15005801 0. 100 100 0 O 0 O 11
15003302 504050000 O 1 1 10104 2 15003801 0. 100 100 0 O 0 O 11
15003503 512010000 O 1 1 212 3 s
15003504 516010000 O 1 1 34278 4 #=sszz=s=sssszsssssssszsIss
15003601 900010000 0 1 1 06461 1 * ht st no. 504-1 ilsg boiler wall to environ
15003602 900010000 © 1 1 1.0104 2 »
15003603 900010000 0 1 1 2120 3 15041000 5 6 2 1 0347 0
15003604 900010000 O 1 1 34278 4 15041100 0 1
15003701 0 0 0 0 4 15041101 1 0350
15003301 0 100 100 0 0 00 1 1 15041102 2 0380
15003802 0. 100 100 0 0 001 2 15041103 2 0505
15003803 0. 1000 100 0 O 001 3 15041201 5 1
15003804 0 100 100 0 0 00 1 4 15041202 6 3
15003901 0 100 100 0 0 0 0 1L 4 15041203 9 5
* 15041301 00 5
zzszzzszzssc=zzsczsszozoz = 15041400 0
* ht str no. 500-4  ilsg lower sg dc to boiler 15041401 330. 6
15041501 504010000 © 1 1 12827 1
15004000 1 2 2 1 0345 0 15041502 504020000 10000 1 1 2.5654 3
15004100 0 1 15041503 504040000 ©O 1 1 2098 4
15004101 1 0351 15041504 504050000 0 1 1 0.3638 5
15004201 5 1 15041601 900010000 0O 1 1 12827 1
15004301 00 1 15041602 900010000 O 1 1 25654 3
15004400 0 15041603 900010000 0O 1 1 208 4
15004401 550, 2 15041604 900010000 O 1 1 03638 5
15004501 504010000 © 1 1 10637 1 15041701 0 0 0 0 5
15004601 500050000 O 1 1 1.0637 1 15041801 0. 100 00 00 0 0 0 1L 4
15004701 0 0 0 0 1 15041802 0. 100 100 0. 00 0 0 1 5
15004801 0. 100 100 0 0 0 011 15041901 0. 100 100 0 0 00 1L 5
15004901 0. 100 100 0 0 0 011 »
t ] i it i 1ttt i A2 22t 2 ¢ - HE s E 4 Tt e A L ¢ 2 1 x
#=33Z33233S=I35ZSSISSS=IIssIsssssssIsssrIssssssIsssssssas L ht str no. 512-1 ilsg separator to sep bypass
* ht str no. 500-5 ilsg lower sg dc wall to environ * *
15121000 1 2 2 1 022682 0
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15121100 0 1 16101503 610050000 10000 1 1 0632 5
15121101 1 03012 16101504 610070000 10000 1 1 05375 7
15121201 5 1 16101601 900010000 O 1 1 0475 2
15121301 0.0 1 16101602 900010000 O 1 1 - 0.600 3
15121400 0 16101603 900010000 O 1 1 0682 5
15121401 550. 2 16101604 900010000 O 1 1 0537 7
15121501 508010000 0 1 1 1786 1 16101701 0 0 0 0 7
15121601 512010000 © 1 1 17886 1 16101801 0. 100 100 0 0 0 015
15121701 0 0 0 0 1 16101802 0. 00 100 0 0 0 017
15121801 Q. 100 100 0 0 0 01 1 16101901 0. 100 100 0 ¢ 0 0 17
15121901 0. 100 100 0. 00 0 01 1 *

s=zs=zsss sszsaszsssssssszsIsssIssssssssszasssIssssssaas * ht str no. 610-2  prizer top (hemisph) heat struct

* ht str no. 516-1 ilsg hemisph top to environ *
. 16102000 1 6 3 1 0323 0

15161000 1 6 3 1 0447 0 16102100 0 1

15161100 0 1 16102101 1 03%

15161101 1 0451 16102102 2 0333

15161102 2 0473 16102103 2 0.508

15161103 2 0538 16102201 5 1

15161201 5 1 16102202 6 3

15161202 6 3 16102203 9 5

15161203 9 5 16102301 00 5

15161301 0.0 5 16102400 0

15161400 0 16102401 636. 5

15161401 550. 6 16102402 636. 6

15161501 516010000 © 1 1 0391 1 16102501 610010000 O 1 1 0311 1
15161601 900010000 O 1 1 0391 1 16102601 900010000 O 1 1 0311 1
15161701 0 0 0 1 16102701 0 0 0 0 1
15161801 0. 100 100 0 0 O 0 L1 16102801 0 100 100 o0 0 0 01 1
15161901 0. 100 100 o 0 0 0 L1 16102901 0 100 100 0 0 0 01 1

. ht str no. 610~1 prizer wall heat struct . ht str no. 610-3  prizer bot (flange) heat struct
16101000 7 6 2 1 030 0 16103000 1 6 1 1 00 0

16101100 0 1 16103100 ] 1

16101101 1 0303 16103101 1 0.003

16101102 2 0360 16108102 2 0.8374

16101103 2 0485 16103103 2 0.9624

16101201 5 1 16103201 5 1

16101202 6 3 16103202 6 3

16101203 9 5 16103203 9 5

16101301 00 5 16103301 0.0 5

16101400 0 16103400 0

16101401 636. 6 16103401 636. 6

16101501 610020000 10000 1 1 0475 2 16103501 610080000 0O 1 1 02731 1
16101502 610040000 © 1 1 0600 3 16103601 900010000 0 1 1 02731 1
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16103701 0 0 0 0 1
16103501 0. 1000 100 0 0 0 O 11!
16103901 0. 00 100 0 0 0 0 11

. ht str no. 610-4  prizer hurs (prop+bkup) ht struct

16104000 2 3 2 1 0.0 ¢

.

shistr mesh locn mesh} fmt

16104100 0 1

shtstr intervals 1t. coord

16104101 2 0.0115

shtstr compxn no. interval

16104201 2 1

16104202 5 2

L

shtstr source interval

16104301 10 1

16104302 0.0 2

shtstr temp flg

16104400 0

*

shtstr temp mesh pt.

16104401 630. 3

shtstr left vol  incr bcond sa code areaffactor ht str no.
16104301 0 0 0 0 0 2
*

shtstr right vol incr b.cond sa code area/factor ht str no.
16104601 610070000 10000 1 1 05375 2
*

shtstr s. type s. mult left heat right heat ht str no.
16104701 10606 05 00 0.0 2

16104901 0. 100 100 o0 O 0 0 1 2

*

* EERRSXERERNRRN EE 2222323333 E 34

* thermal properties

BEXEEREREEESESTRNEXASEB AL ENAREERRE RS L ] 8%
*

20100100  thlfetn 1 1 * mgo

20100200  tblffetn 1 1 = nier

20100300  tblffern 1 1 = copper

20100400  tblffetn 1 1 = inconel

20100500  thlfetn 1 1 + stainless steel
20100600  c-steel = carbon stecl
20100700  tbbfern 1 1 » 2203

20100900 thl/fem 1 1 = rockwoo! insulation

B2ESERBERZIEXEAERELELRNEANSLERERESRTXR LB RRLRERS S

» thermal conductivity

BRERERERSERRERXSETRLRELBEREEARERERRAE IR BXEERS

s mgo
20100101 2032 0814 12732 1047

*

* nicr heater

20100201 29315 878 57315 113 77315 1381 107315 1883

20100202 127315 2218 147315 2552 100000 2552

= copper

20100301 37315 379. 47315 374. 57315 369.

20100302 67315 363. 87315 353

= inconel 600

20100401 37305 158 57315 189 8715 238 117315 203

*

* stainless steel

20100501 27315 1298 119982 251 100000 251
* aluminum oxide

20100701
20100702
= rockwool insulation
20100901
201009302

*

37315 25122 47315 20.935 57315 16.748 T73.15 12561
107315 8374 147315 8374

31115 01192 42215 01681 53315 02166
81115 03443

SERXSATURLELL SR ETRRS SREABES * ¥ %k

* volumetric heat capacity

EEREERLCREEIEREERRSRAXRARITXRRRNRLDEAERERERXRXRELANE R L

» xngo

20100151 29315 2886 37315 3.04e6 47315 3.156
20100152 57315 320e6 67315 32%6 77315 3296
20100153 87315 334e6 97315 344e6 107315 353¢6
20100154 117315 3636

* nicr heater

20100251 37315 323¢+6 57315 3626 77315 4.10e+6
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107315 46le+6 117315 4Te+6 127315 49546

147315 52%+6 100000 529%+6

20100252
20100233
* copper
20100351

L4

3436

= inconel 600
20100451 37315
20100452 1173.15
=stainless steel
20100350 27315 38e+6 3665 383e*6 47159 4.1%+6
20100552 58359 4.336e+6 63982 4504e+6 81093 4639+6
20100553 92204 4773e+6 114426 5076e+6 13665 5376e+6
20100054 147759 5546e+6 100000 5546e+6

*

+ aluminum oxide

3%e+6 57315 418e+6 8T3I5 47le*6
517e+6

20100751 37315 3015e+6  473.15 3482%+6 57315 3.79%e+6
20100752  673.15 3946e+6 77315 4093e+6 87315 4.23%+6
20100753 97315 4.384e+6 1073.16 4.373e+6 117316 452%+6
20100754 137316 452%e+6 147316 4685e+6

*  rockwool

2010001 136e+5

*

s core power

EXERRXEBEARBEXEEALERRLXERERXXREREER AR F AP ARSREAXNS XS AR EERRS

*

20288300 power 501

20288801 -10  10.00e+6
20288802 00  10.00e+6
20288803 100  10.00e+6
20283304 1394 10.00e+6
20288305 150  85093e+6
20283806 200  5546de+b
20283807 300  3652le6
20288308 400  3.0656e+6
20288809 500  26580e+6
20288810 600  2557%+6
20288311 800  23982%+6
20288812 1000  2.3092e+6
20288813 1500  2.0900e+6
20288814 2000  2.026le6
20288815 300.0 1.8832e+6
20288316 4000  1.756%+6
20283817 5000 1.686%¢+6

20283818 6000  16257e+6
2028819 8000  15419+6
20288820 10000  135357e+
20288821 15000 136036
20288822 20000 1205846
20288823 0000 1.0656e+6
20283324 40000  087510e+6
22888% 50000  09104%+6
2028852% 60000  086154e*6
20285827 80000  0.79102+6
023828 100000  0.74152%+6
0288328 200000  061196e+6
20288330 500000  0.4775%+6
20283831 1000000  039343e+6

L]

SRR BEER

SeRSEEREERES

EEERER

s pressurizer heater power

P22 RI TR 22222 22 22 2232222 2222232 2

*

20260000 reac-t * backup heaters

20260001 15346 11255

20260002 1540e6 11255

20260003 15406 00

20260100  reac-t * proportional heaters

20260101 1541e6 753

20260102 15626 00

L 4

FERRRSEERENE P22 2232322322322 282 224
*  control systems

(224217 2EER xR
*

*EXEE S * sEER

* calculate time step

SXEUX LS

20500100 “time stp” sum 1.0000000 .20000000 1
20000101 00 10 tme O

20500102 -10 cntrlvar 2

2000200 "old time” mult 1.0000000 00 1
20500200 tme 0

*

BETLLEATRLALLBELEERTNEBRER

*  control system turbine bypass valve control .
*  during loca calcualtions *
= based on mean primary temperature control *

EESESSSRERRNSIEEEEIERABSRRIIESRBIRRBESXIRXEAREEE
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.
BEEEBEEEBENEXIERIER RS AL XL EEE ISR RS RBERSXTSRRSIARRLBAEE XS
* calculate il + bl mean temperature and select the larger
EETXERETAREEXRERSEBERERRLN SRR ERRRA SRR AL RARRSSEERXRR LSRR SRS

*

20503000 “ilmtemp” sum 1.0000000 58037383 1
20503001 00 05 tempf 452010000

20503002 05 tempf 400010000

20503100 “blmtemp” sum 1.0000000 58035764 1
20003101 0.0 05 tempf 252010000

20503102 05 tempf 200010000

20503200 “ilmtempl” tripunit  1.0000000 1.0000000 1
20508201 514

20503300 “blmtempl” tripunit  1.0000000 0.0 1
20503301 516

20503400 "cilmtmp * mult 1.0000000 58037388 1
20503401 cntrivar 32 contrlvar 30

20503500 “bimtempl” mult 1.0000000 0.0 1
20503501 cntrlvar 33 cntdvar 31

20503600 “pmtemp * sum 1.0000000 580.37388 1
20503601 0.0 10 ontidvar 34

20503602 10 ontdvar 35

* input to tb valve control after core trip-pmt setpt = 5649 k

BEXXEREEXR XXX REAESXREREEEREEEET ISRV RELERARKERELRAEBEXRTNAX SR

20503700 “prnterra * sum =0902500 1.1456230 1
20508701 5663  -10 entrivar 3%

»

2232223222233 2222233322232 23
* check for reactor scram
EXFASESERFARIEER LRSS R SR RAAS

20503800 "arcttrp * tripunit  1.0000000 0.0 1
2503301 501

20503900 "arettrpe” mult 1.0000000 0.0 1
2050301  catrlvar 38 entrlvar 37

E2 e 2R 2R R R 22 22 2 T 4]

= tb valve control

PR LTI LIS ST LS 2

20504000 “tbp area” sum 1.0000000 0.0 1

+ 3 00 1.0000000
20304000 00 10 cnalvar 39

+ calculate core collapsed liquid level

20512400 “core WI” sum 1.0000000 3.6600000 1
20512401 00 0.610 voidf 124010000
20512402 0610 voidf 124020000
20512403 0610 voidf 124030000
20512404 0610 voidf 124040000
20512405 0610 voidf 124050000
20512406 0610 voidf 124060000
= calculate core collapsed liquid level ~--vessel—~

*

20612500 "core I sum 1.0000000 5.8027000 1
20012501 0.0 0610 voidf 124010000
20512502 0.610 voidf 124020000
20512503 0610 voidf 124030000
20612504 0610 voidf 124040000
20512505 0610 voidf 124050000
20512506 0610 voidf 124060000
20512507 0867 voidf 128010000
20512508 06757 voidf 132010000
20512509 06 voidf 136010000
= calculate core heat input

P2 RS2 ES1 3323333328224 *

20512600 "coreheat” sum 1.00000-6 98651798 1
20512601 00 10 q 124010000
20512602 10 q 124020000
20512603 10 qQ 124030000
20512604 10 q 124040000
20512605 10 q 124050000
20512606 10 q 124060000
b2 1112323333332 24 L 113 res i 2 1]

* calculate vessel dc collapsed level
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20510900 “vsldelvl” sum 1.0000000 3.6600000 1
20510901 00 0610 voidf 108030000
20510902 0610 voidf 108040000
20510903 0610 voidf 1080650000
20510904 0610 voidf 108060000
20510905 0610 voidf 108070000
20510906 0610 voidf 108080000

*
EEXEREXRAARAREEEXEEIZNESRERB RSN ASRESREB SR
* energy transferred to generators
AXXXEAEEXBXEEALEEB R RERNEEESELERRNRSRAOER

FEEBSRELFSRRRBIERARRERSERESESRLIERELBIEXRISRL PSSR ESILEERNESD
= set il main feedwater on 95 m wide range sg level
RSERBESRENEB AR ERRERERRES LS FE LR LRRE AR RSN ESETARSSRRENREET

20635900 il Iv er” sum 1000000 0. 1
20535901 2430. -10 entrlvar 309

»

20536100 il feed ~ sum 1.0000000 2.8000000 1
2536101 09 10 mflowi 329000000

20536102 20 cntrlvar 339

-

PRS2SR P22 23233 22322224 XX

20530000 "blsgheat” sum 100000-6 49783641 1 = set bl main feedwater on 9.6 m wide range sg level
20530001 00 10 q 304010000 BESEXSRRERERRRASARRIRARSARRRARERERSERS
20530002 1.0 q 304020000 .
20530003 10 q 304030000 20555900 "l Iv er” sum 1.000000 O. 1
20530004 10 q 304040000 20555901 2450 -10 cntrivar 509
20550000 “ilsgheat” sum 1.00000-6 49752834 1 20556100 “bl feed " sum 1.0000000 2.8000000 1
20550001 00 10 q 504010000 20556101 00 10 milowj 529000000
20550002 10 q 504020000 20556102 20 cntlvar 559
20550003 10 q 504030000 *20556103 10 miflowj 493000000
20550004 10 q 504040000 *
L 2EEEX EEd EERRE 12
bl res » pressurizer heater power
s calculate sg recirculation ratios s * sevaen
* % *
* 20560000 “pbkuphtr” functon 1.0000000 0.0 1
20530100 “recircbl” div 1.0000000 5.0243769 1 2560001 p 610010000 600
20530101 mflowj 308010000 mflowj 301000000 *
* 20560100 *“pprohtr ” function 1.0000000 836.59446 1
20550100 “recircil” div 1.0000000 50230368 1 2060101 p 610010000 601
20550101 milowj 508010000 mflowj 501000000 *
* 20560200 *bkphorp” tripunit  1.0000000 00 1
see * 20560201 634

» calculate narrow range sg liquid levels *

* 20560300 “bkphapw” mult 1.0000000 0.0 1
* 20560301 cnolvar 600 cntrlvar 602
20530800 “ilsgll * sum 15390000 13184474 1 *
20530801 00 0600 wvoidf 300010000 20560400 “pzrhapw” sum 1.0000000 83659446 1
20530802 212 voidf 312010000 20560401 00 10 cnulvar 601
20530803 37718 voidf 316010000 20560402 10 cntrlvar 603
20550800 “blsgll *~ sum 15390000 12746200 1 20560500 “"pzhtrp” tripunit  1.0000000 0.0 1
20550801 00 0600 voidf 500010000 20560501 633
20650802 212 voidf 512010000 s
20550803 37778  wvoidf 516010000 20560600 “pzhupw” mult 1.0000000 0.0 1
* 20560601 enmlvar 64 cntrlvar 605



*

FEREERARERSIENRSASEAREBEVERAUI S AR RA LG EIBBANNSSSELEREISER TSR

+ caleulate collapsed prssurizer liquid level

KEEBERERREEEEIXS TSR RASEA RS RBRREXNRARR TS LARRRSSEIBIRRAEIRRY

20561000 "per fev 7

1
20561001
20561002
20561003
20561004
20561005
20561006
20561007
20561008

BEAERBEXEXNLNRRA TR ERERNEBRBE XA SRR

00

sum

0201
0470
0470
0600
0682
0682
05375
035375

100000000

voidf
voidf
voidf
voidf
voidf
voidf
voidf
voidf

2584213

610010000
610020000
610030000
610040000
610050000
610060000
610070000
610080000

» caleulate broken loop steam generator mass

TSI T2 3L RS 2422222222 X2 42

20530900 “sgb mass”

20530901

20530909
20530910
20530911
20530912
20330913

0.0

sum
03228
0.0621
00755
0078
0.1302
05839
0582
0582
04%1
0.7979
05720
06288
20288

1.0000000 2860.9843 1
rho 300010000
rtho 300020000
rho 300030000
rtho 300040000
rho 300050000
rho 304010000
tho 304020000
tho 304030000
rho 304040000
tho 304050000
tho 308010000
rho 312010000
tho 316010000

SEFEESREERSILIRRISXIEALBEXRSISEEBLERERASEERBESEREIRSREERRADENS

* calculate intact loop steam generator mass

RIXEERVEIRASTERTERRRASRESRTLBENERL LI ALABARCLRERESES ISR BNFERS

20550900 “"sga mass”

20550901
20550902
20550903
20550904
20550905
20550906
20550907
20550908

00

sum
0328
0.0621
0079
0078
0.1302
05839
05882
05832

1.0000000 28488553 1
rtho 500010000
rho 500020000
tho 500030000
tho 500040000
rtho 500050000
tho 504010000
rho 504020000
rho 504030000

20550909 0.4951 tho 504040000

20550910 0.7579 rho 504050000
20550911 05720 tho 508010000
20350912 0.6288 the 512010000
20550913 20288 rho 516010000

*

P Y L2 Tt v T s R TR E T3 T2 22124230V 2 2232223433223 13
s caleulate intact primary loop mass
BSERBERSRLRBRZRESTXAREXSERREERREREERBLABALFESER AL ENEBISRXIRRRR

=

20570000 "ihl mass” sum 1.0000000 28488553 1

20570001 00 0.04463902 rho 400010000
20570002 0.00093545 tho 402010000
20570003 0.00058538 rho 404010000
20570004 0.04665031 tho 406010000
20570005 0.02373491 rho 408010000
20570006 001778686 tho 408020000
20570007 0.1250 rtho 412010000
20570008 02323 rho 416010000
20570100 “isg mass”™ ~ sum 1.000000 25000 1

20570101 0.0 01212112 tho 420010000
20570102 0.1082557 rho 420020000
20570103 0.1082557 rho 420030000
20570104 0.091689 tho 420040000
20570105 0.031689 rtho 420050000
20570106 0.108257 tho 422010000
20570107 0.1082557 rho 422020000
20570108 01212112 tho 422030000
*20570109 0.0008658 rho 428010000
*20570110 0.0007733 tho 428020000
20570111 0.0007733 tho 428030000
*20570112 0.000655 tho 428040000
220570113 0.000655 rho 423050000
*20570114 0.0007733 tho 419010000
*20570115 0.0007733 tho 419020000
*20570116 0.0008658 rho 419030000
20570200 "ils mass” sum 1000000 25000 1

20570201 00 0323 rho 424010000
20570202 0125 rho 430010000
20570203 00114552 rho 432010000
20570204 0.02757684 tho 432020000
2570205 0.02757684 tho 432030000
20570206 0.02757684 rtho 432040000
20570207 0.02646018 rho 432060000
20570208 0.02646018 rtho 436010000
20570209 0.02491284 rho 436020000
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20570210 0.02611386 rho 436030000
20570211 0.02491284 rho 436040000
20570300 "icl mass” sum 1.000000 25000 1

20570301 00 0.0235 tho 440010000
20570302 0.02476276 rtho 444010000
20570303 03177573 tho 448010000
20570304 0.03286424 tho 452010000
20570305 0.03286424 tho 432020000
20570306 0.040832 tho 740010000
20570400 “"pr mass” sum 1.000000 2500.0 1

20570401 00 0035 rho 610010000
20570402 0.13289 rho 610020000
20570403 0132839 rtho 610030000
20570404 0.169620 rho 610040000
20570405 0.192801 tho 610050000
20570406 0.192801 tho 610060000
20570407 0146791 rho 610070000
20570408 0.146791 tho 610080000
20570409 0.02382748 tho 600010000
20570410 0.03249617 tho 600020000
20570411 0.01905868 rho 600030000
20570412 0.00791779 rho 620010000
20570413 0.00791779 rho 620020000
20570500 “il mass” sum 1.000000 25000 1

20570501 00 10 cntivar 700

20570502 10 cntrlvar 701

20670503 10 cntrivar 702

20570504 10 cntrlvar 703

20570505 10 cntrivar 74

*

(23233114

= calculate broken primary loop mass

BEXXERRAENASIBEBENSRLSEEEXAALRIRERELLXRLXLBERLTRLELRLRIESR2 SRS

z

20570600 “bhl mass” sum 1.0000000 28488553 1

20570601 00 0.04463902 rtho 200010000
20570602 0.00093545 tho -~ 202010000
20570603 0.00058588 tho 204010000
20570604 0.04446715 rho 206010000
20570605 0.02373491 rho 208010000
20570606 0.01778686 rho 208020000
20670607 0.1250 tho 212010000
20570608 033 tho 216010000
20570700 "bsg mass” sum 1000000 25000 1

20570701 00 0122077 tho 220010000
20670702 0.109029 rtho 220020000
2570703 0.109029 tho 220030000
20570704 0.092344 rho 220040000
20570705 0.092344 rho 220050000
20570706 0.109029 rho 220060000
20570707 0.105029 tho 220070000
20570708 0122077 rho 220080000
*

20570800 *bls mass” sum 1000000 25000 1
2570801 00 0233 tho 224010000
20570802 0125 rho 228010000
20570803 00114552 rho 232010000
20570504 0.02757634 rtho 232020000
20570805 002757684 tho 232030000
20570806 0.02757684 rho 232040000
20670807 0.02646018 tho 232050000
20570808 002930844 tho 236010000
20570809 002491284 rho 236020000
20570810 0.02534574 tho 236030000
20570811 002491284 tho 236040000
20570900 “bel mass” sum 1000000 25000 1
20570901 00 00235 rho 240010000
20570902 0.03559394 tho 244010000
20570903 004025465 tho 248010000
20570004 0.04423125 rtho 252010000
20670905 0.0143264 tho 790010000
3

20571000 “bl mass” sum 1000000 25000 1
20571001 00 10 catrivar 706
20571002 ' 10 centrlvar 707
20571003 10 entrivar 708
2057104 10 catrlvar 709
BEEXERRR XKL XRBRRRUXFXXLERN XL SRR SR ESRER R AR EER R PR RERRREERRE R
* pressure vessel mass

BEXERXRE R RER RPN AN XA RXKAELERR AR EES AR RN R X E R ERX L RS AU KRR RS
2671100 *pvd mass” sum 1000000 25000 1
20571101 00 0.1350%0 tho 100010000
20571102 0.054250 rho 104010000
2571103 0.06604292 tho 108010000
20571104 0.03474068 tho 108020000
20571105 0059214 rho 108030000
20571106 00596214 tho 108040000
2571107 0.0596214 rho 108050000
20571108 0.0596214 tho 108060000
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20571109 00556214 rho 108070000 20375001 00 1.0 p 416010000

20571110 0.05%6214 tho 108080000 20575002 -1.0 p 420040000

20571111 0123035 tho 108050000 =

* 20675100 "dp0e0d” sum 100000 80000. 1

20571200 "pviprmass” sum 1000000 25000 1 20575101 00 10 p 424010000

20571201 00 0.1661 rho 112010000 20575102 -10 p 420050000

20571202 0.0943 tho 116010000 =

* 20575200 “dpe070” sum 1.00000 43000. 1

20571300 "pvc mass” sum 1000000 25000 1 20575201 00 10 p 424010000

20571301 00 0.1821 rho 120010000 20575202 -1.0 p 436010000

2571302 007312 rho 124010000 = .

20571303 007312 rho 124020000 20575300 “dpe080” sum 1.00000 266000. 1

2057134 007312 tho 124030000 20575301 00 10 p 436010000

20571305 007312 tho 124040000 20575302 -10 p 440010000

20571306 007312 tho 124050000 =

20571307 007312 tho 124060000 20575400 "dp190d” sum 1.00000 -80000. 1

20571308 0.15220 rho 128010000 20575401 00 10 p 216010000

20571309 0.10600 tho 132010000 20575402 -10 P 220040000

2571310 0.09333 tho 136010000 =

20571311 0.04430 tho 140010000 20375500 "dp200d” sum 1.00000 80000. 1

20571312 006209 tho 16010000 20575301 00 10 p 224010000

20571313 006288 rho 156020000 20575502 -10 p 220050000

20571400 "pvupmass” sum 1000000 25000 1 20575600 "dpe210” sum 1.00000 45000. 1

20571401 0.0 0.1655 rtho 144010000 20575601 00 10 p 224010000

20571402 0.1970 tho 148010000 20575602 -10 p 236010000

2571403 01475 rho 152010000 =

* 20575700 “dpe220” sum 1.00000  266000. 1

2571500 “"pv mass” sum 1.000000 25000 1 20575701 00 10 p 236010000

20571501 00 1.0 cntrlvar 711 2575702 -10 p 240010000

20571502 10 catrivar 712 *

20571503 10 entrivar 713 20576100 "dpe300” sum 100000 32000. 1

20571504 10 cntrivar 714 20576101 00 10 p 124010000

* 20576102 -10 p 128010000

E ] prirnary mss BEXSRILSAEEELRAAREERRLEBEIEXARZXKEXATAXX RS SRS RAE R A AKX NBRE X
»ee * sranen sxx  » conol steam valve to give sg pressure of 7.10 mpa.

* WEEREBXFBREEXRERERR SRR AR EXERR AR KRR BB EER S X SRR RXX R ARSI RRXSRREX

20572000 "pv mass” sum 1000000 25000 1 *

20572001 00 10 catrlvar 705 20580300 “"pres err” sum 100.000-9 -5.3342-6 1

20572002 10 cntrlvar 710 - 3 -05 05

20572003 10 entrlvar 715 20580301 -6.90e6 10 p 316010000

sax * ssex 20580400 "del area” mult 1.0000000 -1.0668-6 1

» differentia] pressure calculations 20580401 cntrivar 1 entrlvar 803

* 20580500 "viv area” sum 1.0000000 .2300 1

20575000 *dpdc0d” sum 100000 80000. 1 - 3 00 1.0000000
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20580501 0.0 10 cnulvar 805

L 3
ZEBEEIELRERYEXRXEEBRREXBARRASESERLRIRERNE D
= calculate wide range sg liquid levels
EREEERESEERREREBEEERRASERRIEERESEE RN RSN

20531200 *blsglwde” sum 1.0000000 89221049 1
205312001 00 25464 voidf 304010000

20531202 25651 voidf 304020000

20531203 25654  voidf 304030000

20531204 20930 voidf 304040000

20531205 20223 wvoidf 304050000

20531206 21200 wvoidf 308010000

20531207 37778 voidf 316010000

*

20551200 “ilsglwde” sum 10000000 88904978 1

20551201 00 25464 weidf 504010000

20351202 25659 voidf 504020000
20551203 25654 voidf 504030000
20551204 20030 wvoidf 504040000
20551205 20223 voidf 504050000
20551206 21200 wvoidf 508010000
20551207 3778  voidf 516010000

* set rcp speed to control to loop flow of 242 kg/s

Li R L3223 223 22222222222 2222824

*

20523800 “spd err * sum 2/0000000 158365-6 1
=5,000000 5.0000000

+ 3
20523801 65  -10 mflowj 240010000

L

20523900 “*delspeed” mult 1.0000000 31.6731-6 1
2623901 cntlvar 1 cntlvar 238

20524000 "repspeed” sum 1.0000000 89.403724 1
20624001 00 10  cnulvar 239

20524002 10  cnulvar 240

E

E2 32333332332 R332 2 23222 224 ® 131

* set hot leg bypass valve areas to 0.0

ERANEREEEABEERER R EERR LR AR AL RREXSEAEXRRE XX ERRARER
*

20520300 "blhtlbyp" constant 0.0585

*

20540300 “"ilhtlbyp” constant 0.0985

L2222 21223 323232238 23232323232 22322 322 3

* calculate ne: flow to secondary

SELLULALLTEE RS LAFLLLLEERENERARERERERAREL

*

20585000 “netsecfl” sum 1.0000000 ° 01
2058001 00 L mflowj 361000000

20585002 L mflowj 351000000

20585003 1. mflowj 561000000

20585004 1 mflowj 551000000

2058300 -1 mflowj 805000000

20585006 -1 mflowj 803000000

20585007 -1 mflowj 369000000

20583008 -1 milowj 379000000

20583009 -1 mflowj 569000000

20685010 -L milowj 579000000

» calculate the overall pressure vessel liquid level

PR322SR 333322333232 223 22223 % 122 22

2512800 “uh level” sum 1.000000 10657100 1
20512801 00 0626 voidf 112010000
20512802 0.4762 voidf 116010000
20512803 1.2588 voidf 120010000
20512804 0610 voidf 124010000
A512805 0.610 voidf 124020000
20512806 0610 voidf 124030000
20512807 0610 voidf 124040000
20512808 0610 voidf 124050000
20512809 0610 voidf 124060000
20512810 0867 voidf 128010000
20512811 0.6757 voidf 132010000
2612812 0.600 voidf 136010000
20512813 03674 voidf 140010000
20612814 0.897 voidf 144010000
20612815 0725 voidi 148010000
20512816 0.504 voidf 152010000

FERERELERRSLERREARARERTE KA AL LB RERBEERRB SRR VL EEE RSB UBSBBEIXEAE

* calculate the steam generator liquid level

E T I Y e YR PR PR RIS S22 2222 2R3 222222 222 2222222222

20551600
20651601
20551602
20651603
20551604
20651605
20551606

-A.39-

“sga WvI”
00

sum
25464

25654
2564
20980
20223
2120

1.000000
voidf
voidf
void{
voidf
voidf
voidf

17.693300
504010000
504020000
504030000
504040000
504050000
508020000

1



20351607 3778 voidf 516010000
20531600 “sgb V" sum 1.000000 17693300 1
20531601 00 25464 voidf 304010000
20531602 2564 voidf 304020000
20531603 25654 voidf 304030000
20531604 2.09%0 voidf 304040000
20531605 20223 voidf 304050000
20331606 2120 voidf 308010000
20531607 37718 voidf 316010000

LRSI TR RS E 2T 22 23322222222 2222122 2234383233333 2328223342

* calculate the steam generator level in the boiler section

20550400  "sga bivl” sum 1.000000 11.797500 1
20550401 00 25464 voidf 504010000
20350402 2564 voidf 504020000
2550403 25604 voidf 504030000
20550404 20530 voidf 504040000
20550405 2023 voidf 504060000
20530400  "sgb blvl” sum 1.000000 11787500 1
20330401 00 25464 voidf 304010000
20530402 2564 voidf 304020000
20530403 2564 voidf 304030000
20530404 2.0980 voidf 304040000
20330405 2023 voidf 304050000

* core power

t ]

20583800 “core pow”  function 1.000000 10020e+6 1
20088301 time 0 &

* tota] break flowrate

BEXREXEREXXERREESEFRXIRLL XX LR AAZRNEREX L XA RS EFLXBRRL RS A KNS
20591600 break sum 10 00 1

20591601 00 10 mflowj 493000000

*

FENEXRSRREEXR LSS REEREXR RS LEERBEELEBASXEELEREERAERE RS XKL RN LR

» calculate ime-integrated break mass flow

ER PR RS RS 22222 222222222222 2222222

s8R L 3

20591500  “int bflo*  integral 1.000000 0.000000 1

20991301  cnulvar 916

BEASEX RS R BASLRASNEXBAR LA REERTINASSXELRESEENERRRER LRSS R

= intact total feedwater flow

BEXXERETESLEXBESAXLFSLRRES SR ISIRER RS LEERLES XS ELXTARSR 2L ED

20591700 infeed sum 10 00 1

20551701 00 10 miflowj 361000000

20391702 10 mflowj 351000000

» broken toial feedwater flow

20591800 infeed sum 10 00 1

20691801 00 10 milowj 561000000

20501802 10 mflowj 551000000

»

» calculate the mass error

20574000 “"mass err” sum 1.000000 0.000000 1
20574001  -14560577 10 catdvar 70

20574002 10 caulvar 915

= differential pressure calculations

20576500  “"dpel40” sum 1.000000 5000 1
20576301 0.0 10 p 104010000
20576502 -10 p 136010000
20576800  “dpe(35” sum 1000000  2000. 1
20576801 00 10 p 416010000
20576302 -10 p 424010000
20576900 “dpel%s” sum 1.000000 2000. 1
20576901 00 10 p 216010000
20576902 -10 p 224010000

.22z
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Appendix B Input Deck for SGTR Transient Calculation






BEEREXELRXIE RN ASRSRRRERBEXSERRRSEL LSS ELUSEBRERSTRETRRS S

= Jstf sgtr transient input deck with relapd/mod3l

BIXEBELLEERSRAXERESLERSRENBEBBR XX SEL NP ERLERBERITLEURE

=

0000100

0000101
0000102
0000103

*

restart  transnt

run
si si
4265

+ time step control

E 3

0000201 30000 10-6 05 3 10 1000 1000
0000202 50000 10-6 01 3 50 5000 5000
*

20800001 dt 00

20300002 dtemt 0.0

+  minor edits

301 p 610010000  =pzr pressure

302 p 516010000  *sg-b steamn pressure
3 p 316010000  *sg-i steam pressure
304 milow) 208010000  »loop-i hot leg flow
35 milow] 403010000  sloop-b hot leg flow
306 milowj 248010000  sloop~i cold leg flow
307 mflowj 452010000  sloop-b cold leg flow
308 mflowj 108010000  =core bypass flow
309 mflowj 120010000  score inlet flow

310 tempf 104010000  =vessel inlet temp
311 tempf 136010000  svessel outlet temp
312 tempf 120010000  =core inlet temp

313 tempf 128010000  =core outlet temp
314 tempf 316010000  *sg-i steam temp
315 tempf 516010000  »sg-b steam temp
316 tempf 200010000  =loop-i hot leg temp
317 tempf 400010000  =Joop~b hot leg temp
318 tempf 124010000  =*core fluid temp-1
319 tempf 124020000  »core fluid temp-2
30 tempf 124030000  score fluid temp-3
321 tempf 124040000  score fluid temp-4
32 tempf 124050000  =*core fluid temp-5
323 tempf 124060000  =*core fluid temp-6
324 sattemp 248010000  shot leg sat temp

3% satemp 208010000 =cold leg sat. temp

3% voidg 152010000 «upper head void{

327 pmpvel 240

328 pmphead 240

39 pmpvel 440

330 pmphead 440

3Bl cnndvar 512 *sg-b wr Jevel

332 cntrivar 508 *sg-b nr level

333 cntrivar 504 *sg-b boiling water level

334 cntrivar 312 ssg-i wr level

335 cntrdvar 308 *sg=i nr level

336 cnutvar 304 »sg-i boiling water level

337 caxlvar 610 +pzr level

338 cntrlvar 720 sprimary mass

339 cntrivar 309 *sg-i mass

340 cntrlvar 509 *sg-b mass

341 cntdvar 88 *IX power

342 cputime O *cpu time

343 cntrlvar 916 sbreak flowrate

34 cntrdvar 915 sintegrated break flow

345 cnulvar 917 #iotal feedwater to sg-a

3% cntlvar 918 stota] feedwater to sg-b

*347 mflowj 391000000 *sg-2 steam dump

348 mflowj 612000000 *p2T aux sprav

349 mflowj 351000000 »aux feed a (hot)

350 mflowj 353000000  =aux feed 2 {cold)

1 miowj 551000000  saux feed b (hot)

332 cntlvar 919 saux feed a (total)

353 miflowj 771000000 shpsi to ¢l-1

34 mflowj 721000000  shpsi to cl-b

35 milowj 722000000 shpsi to up

36 tempf 152010000 sup head temp

357 tempf 108040000 «mid downcomer temp

B8 catrlvar 921 stotal water inject

39 cnlvar 92 *HPSI-CL total flow

* varizble trips

EE 1 *% * (2232332234
0000501 p 610010000 It nul 0 1342e+7 1 *rx trip signal
0000602 time 0 g nll 0 leb 1 =power
0000505 p 610010000 It nul O 12877 | srcplsi
0000506 time 0 ge timeof 505 170 1 slpsi delay
0000507 entrlvar 610 le null 0 10 n =hpsi termi.
0000508 time 0 le dmeof 505 29000 n =hpsi termi.
0000510 time 0 ge timeof 505 %R0 n *il hpi
000051 time 0 ge tmeof 505 3000 n =il hppito up
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0000512 time 0 ge timeof 5056 B0  n =b! hpi
0000514 cntrlvar 30 ge cntrlvar 31 00 n *mean temp
0000516 cnulvar 30 It cnulvar 31 00 n

0000520 p 610010000 ge null 0 1646e+7 1 *high pres
000052 p 610010000 ge null 0 1726e*7 o *per sfty
0000524 p 610010000 ge null 0 1588e+7 n sper spry
0000525 time 0 ge tmeof 501 26660 1 »pz aux spray
0000526 p 610010000 gt null 0 1607e+7 n* porv
0000527 p 516010000 gt p 610010000 0.0 1 saux spray term
0000528 p 610010000 gt null 0 162047 n

0000529 time 0 g nmull 0 00 1 *pzr prp. hirs
0000530 p 610010000 It nul 0 1540e+7 n =per bkup htrs
0000531 p 610010000 It null 0 153e+? =n

0000532 cntlvar 610 hk nul 0 02566 n*onmprivl
0000535 time 0 ge nul 0 00 1 stube break
0000536 time 0 ge ndl 0 00 ] #bl flow
0000537 time 0 It ndl 0 00 1 svalve
0000538  time 0 It ndl 0 00 14 flow
0000539 time 0 It rndl 0 00 i svalve
=0000540 time 0 Je nul 0 100000 n

0000530 p 610010000 ge null 0 1297e*7 n *main feed
0000552 time 0 ge tmeof 505 370 n *aux feed
0000553 time 0 Je tmeof 562 2000 n *aux feed
0000554 cntrlvar 312 Tt onll 0 1285 nsaux feed
0000535 time 0 gt tmeof 505 2370 n *aux feed a cold
0000536 time 0 l tmeof 552 810 n *aux feed
0000557 tempf 206010000 ge null 05314 1 * termi of stdurp
0000560 p 316010000 gt null O  64e*6 = *il sg rel
0000561 p 316010000 gt nti 0 736 n

0000564 p 316010000 gt null O 7696 n il sgsaf
0000565 p 316010000 gt null O 8686 n

0000568 p 316010000 le ndl 0 00 1l msiv
0000569 p 316010000 It null 0 423+ |

0000570 p 516010000 gt null O 64et6 n sblsgrel
0000671 p 516010000 gt nul 0 736 n

0000574 p 516010000 gt null 0 76%+6 n sblsg saf
0000375 p 516010000 gt null 0 868+ n

0000578 time 0 ge tmeof501 720 1blmsiv
0000579 p 516010000 It null 0 423%e+6 1

0000580 cntrlvar 308 i ndl 0 025 1 slow sg lev
0000581 entrlvar 508 It ol 0 025 1

0000583 time 0 ge nmdl 0 00 n *stm hdr viv
0000585 time 0 It ndl 0 00 n *stm thrl
000058  time 0 ge nul 0 110 n * valve
0000593 time 0 It nudl © 10000 n * ss pres
= logical trips

EREEELXEREABBATERRE

' TTIT]

0000601

0000610
0000611
0000612
0000613
0000614
0000615
0000616
0000617
0000618
0000619

0000638
0000700

*

BESERIXSXRATEERERURBRES

* hydrodynamic components

SREERIEN

2400000
2400101
2400108
2400109
2400200
2400201

-B2 -

613
510
511
512

BORYBBEBRARYLBIRBER

and
and
or
and
and
or
and
and
or
and
and
or
and
and
or
and
and
and
and
or
or
or
and
and
or
or
or
and
and
or
and
and
and
and
and
and
and

571
570
602
55
514
605
561

$HES

611

n = bl sec relief valve
n

n

n = bl sec safety valve
n

n

n * il sec relief valve

n

n

n = il sec safety valve

n*hpsitoid

n = hpsi to core up
n=hpsitoi

n = aux spray

| = reactor trip

l

1

n *+ sg aux feed, il

n* , bl

n * steam sink pressure

1= hpi

1

n * pzr backup heater cntl

n

n

n * pzr hirs off on sis or low pzr vl
n = pzr hirs off on low per level
n 0

n 0

n

n * intact Joop RV manual open
n 0 =break close

L2222 22 d 3 *

nprcpump  pump

00 0802 00235 00 90 035! 0
236010000  0.0222 00 00 0000
244000000  0.0337 0.0525 00525 0000
003 15471507, 560.76

0

20813

22480 00



2400202
2400301
2400302
2400303

»

0
0

0.4

13711 13711
-1 0 55 0
183.50000 680636 05400000 10.000000 55.200000

0 0

7300

0.0

00 00 00 00 00

EEISBREEFES NS LREEXRBRBLRIBRRERIERLREERIRS XX XN HSRL RSB T AR NS

* single phase head and torque data from Istf sys. description

BXXEXBRERRBERXR AR RIS SBEB NS RLEEELLIRRREXREI 2R R LI EXREB LIRS

2401100 1 1 000 136 010 138 024 142 040 141
060 132 080 119 1.00 1.00
000 -057 020 -068 050 -020 065 007

2401101
2401200 1 2
2401201
2401300 1 3
2401301
2401400 1 4
2401401
2401500 1 5
2401600 1 6
2401700 1 7
2401800 1 8
*

* torque data
2401900 2 1
2401901
2402000 2 2
2402001
240100 2 3
2402101
2402200 2 4
2402201
2402300 2 5
2402400 2 6
2402500 2 7
2402600 2 8

080 040

100 100

=10 320 -090 280 -080 246 -060 194
~040 157 -020 14l

~100 320
~020 181
000 000
000 000
~1.00 0.00
~1.00 0.00

-080 2%
000 158
100 000
100 000
000 000
0.00 000

000 136
-060 241 -040 209

000 036 012 038 020 044 030 058
05 073 070 081 100 100

000 -126
065 030
~100 240
-040 069
-1.00 240
000 080
000 0.00
000 0.00
~1.00 0.00
-100 0.00

010 08
08 063
=08 170
~020 059
~080 212

100 000
100 000
0.00 0.00
000 000

030 -031 050 009
100 100
-06 112 -050 084
000 036
-060 180 -030 132

* two phase multiplier tables for head of rc pump 240

*

2403000
2403001
2403002
2403003

0

00 00
010 00

015 006
024 080
030 096
040 098
060 097
080 090
050 080

2403009
2403010

*

* two phase multiplier tables for torque of rc pump 240

*

2403100
2403101

0% 050
100 00

0

00 00
10 00

* head difference curves

*

2404100 1 1

2404101
2404200
2404201
2404300
2404301
2404302
2404400
2404401
2404402
2404500
2404600
2404700
2404800

— et b s

‘s two-phase diff curves from 15 built-in data

07 101 09 054 100 100
2 000 000 010 -040 020 000 030
040 021 030 067 050 080 100

3 -100
-0.60
-0.10

4 -100
-060

o0 o wm

s torque difference curves

*

2404900
2405000
2405100
2405200
2405300
2405400
2405500
2405600

B NN NN
0O =~ OO Y B W N =

00
00
00
0.0
0.0
00
00
0.0

00
00
0.0
00
00
00
00
00

00
00
00
00
00
00
0.0
0.0

*  pump coastdown data

2406100
2406101
2406102
2406103
2406104
2406105
2406106
2406107
2406108

-B.3 -

501
00
8.0
&0

8.0
80
1010
1100
1190

1283
1283
1220
1189
1148
9%.7
826
744

-1.16 ~090
-279 ~050
-050 000
-116 -0%0
=017
=010 008 000

000 000 100 000
000 000 100 000
-1.00 000 000 000
=100 000 0.00 0.00

~0.50

00
00
0.0
00
00
00
00
00

-124
-291
0.00
-0.18
-0.08
011

~080 -1.77
-040 -267

-080 -050
=035 000

= norm speed
= 160.22
« 16022
* 15375
s 14987
= 14486
+ 12190
* 104.12
- 9377

000 000 010 083 020 109 030 102

0.10
1.00
-070 -23%6
-025 -169

-070 -031
-020 006




2406109 1310 634 =798
2406110 1400 367 =714
2406111 1430 3518 =631
2406112 1610 463 =583
2406113 1700 417 + 5254
2406114 180 382 =+ 4318
2406115 1910 348 = 4381
2406116 2000 323 4074
245117 2090 300 »3738
2406118 210 213 =343
2406119 200 253 =31%
2406120 2380 2832 =202
2406121 2510 214 =270
240612 200 203 =255
2406123 2630 190 s« 2B8%2
2406124 2810 163 = 2053
2406125 200 146 = 1843
2406126 200 124 =1560
2406127 3200 995 =1248
2406128 3410 74 =936
2406129 300 50 =624
2406130 330.0 25 =312
2406131 4000 00

2406132 10000 00

2406133 3960.0 00 =il rcp restart
2406134 39700 500

2406135 39800 900

2406136 39900 1283

2406137 50000 1283

3290000  ilmsiv  valve

3290101 328010000 332000000 000429 00 00 0100
3290201 0 12637699 17284590 0.0 * 27477202
3290300 mtrvlv

320001 635 568 2,0000000 1.0000000 0

EEREERRRBLLASBEEXARARABBINSRNRSLRERXSRIREREAEEP SRR RAXEXNIIRERE S

3500000  auxfed tmdpvol

3500101 80 50 00 00 00 00 00 O 00
3200200 3

3500201 00 5.95300e+6 4%.2

*

3510000 auxfed tmdpjun

3510101 350000000 300000000 0.004

3510200 1 63

3510201 00 00 00 00

210202 001 15000 00

3510203 50000 130000 00

3520000 auxfede tmdpvol

3520101 80 50 00 00 00 00 00 0
3B20200 3

3520201 00 5.95300e+6 3002

-

IR ARSI Rt 22 3R E R4 22222 23 22 2232232232223 22322332233

3530000  auxfede tmdpjun

3330101 352000000 300000000 0.004
3330200 1 637

3330200 00 00 00 00

3330202 001 030000 00

3530203 5000 050000 00

3330204 5001 10 00 00

3530205 50000 10 00 00

3600000 npstegfw  tmdpvol

3600101 0139 50 00 00 00 00 00 O (O
3600200 3

3600201 00 5.83400e+6 4%35
3610000 npstegfw  tmdpjun

3610101 360000000 300000000  4.00e-3
3610200 1 50 cntrlvar 361

3610201 -10e5 00 00 00

3610202 00 00 00 00

361023 S50 50 00 00

3610204 70 70 00 00

3610205 10000 70 00 00

ER ST R RSS2 234283222222 b 22 ¢ 23 * E *

= secondary relief and safety valves, intact loop

SEBAIBEAREERENR I NN RSN EXD SIS RN RIS FALARENERENETREEF SRR ERENKERRT

*

3650000 blsgrv  valve

3690101 320010000 370000000 296¢-4 00145 00 0100
3690201 0 00 00 00 + 00
3690300 trpviv

NP 638

*

EEISUSERESELEAERRIARERREASFELRRB NS A RREARRDARXR KRS SRR R BEXRXEEXE

3700000 tmdpvol
3700101 100 00 00 00 00 00 00 00

contain
1.0e+8
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3700200 3

3700201 00 1013%e+5 29315

3790000 blsgsv  valve

3790101 324010000 380000000 0.00195 000055 00 0100
3790201 0 00 00 0.0 00
3790300 tpviv

3790301 612

ER TR R A I SR I 212232 222222222
3800000 contain  tmdpvol

3800101 10e+8 100 00 00 00 00 00 00 00
3800200 3

3300201 00 10I3%e+5 29315

P22 2332332221233 222822 b d X5y

*

4160000  wpsgfb  branch

410000 3 O

4160101 0 11035 02323 00 900 11035 457e-5
4160102 04474 00

4160200 003 15460476, 5865

4162101 412010000 416000000 02093 00 00 0000
4163101 416010000 420000000 004254 00 00 0000
4164101 416010000 417000000 50e-4 00 00 0100
4162201 1241 1247 00

4163201 1247 1241 00

4164201 0.1 01 00

E

4170000  bktinl snglvol

4170100  50e-4 118 00 00 00 00 4575 00 0
4170200 003 15453426, 5605

4180000  bktlnd  branch

4180001 2 0

4180101  50e-4 206 00 00 -900 -206 4575 00 00
4180200 003 15441269, 5865

4181101 417010000 418000000  5.0e-4 00 00 0000
4182101 418010000 419000000 5.0e-4 00 00 0000

4181201 01 o1 00
4182201 o1 o1 00

]

4190000 bktin5  snglvol
4190101 50c-4 19 00 00 00 00 457%-5 00 00
4190200 003 15433426, 5605

4930000 break valve

4930101 419010000 434000000 50e-4 00 00 0000
430200 1 00 00 00 '

4930300 tpviv

4930301 535
SEIEEESERBBEEZILEXRS LA LANERILTLEACRASEEENTEEXNTRSALRIERRERRRANR A
4340000 bkInS sngivol

4340101 50e-4 021 00 00 00 00 45%-5 00 @
4940200 003 7310426. 5405

4950000 bking branch

4950001 2 0

4350101 50ec-4 035 00 00 900 035 4576 00 00
4950200 003 7311269, 5465

4551101 4955010000 496000000 3.02-5 00 00 0100
4352101 494010000 495000000 50e-4 00 00 0000

4%1201 61 01 00
45200 01 0@ 00

*

4360000 brknoz!  pipe

4960001 3

4960101 3025 3

4960301 06 3

4960401 00 3

4960601 90.0 3

4960701 06 3

4960801 12e-6 00082 3

4960901 00 00 2

4961001 00 3

4961101 01000 2

4561201 03 15315536, 58650 0. 0. 0. 1
4%1202 003 11325536, 56950 0. 0. 0. 2
4%1203 003 7330536. 55250 0. 0. 0. 3
4961300 0

4961301 01 01 00 1

4%61302 01 01 00 2

*4960000 brknozl  pipe
*4960001 12

*4%60101 3025 12
*4960301 015 12
4960401 00 12
*4960601 90.0 12
*4960701 015 12
*4560801 12e-6 00062 12
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*4960901 0.0 00 1 4981202 003 7300523 5405 0. 0. 0. 2
=1961001 00 12 4981300 O

»4961101 01000 11 4981301 01 o1 00 1

*4961201 003 15315536. 58650 0. 0. 0. 1 *

4961202 003 14625536. 58350 0. 0. 0. 2 4990000  bklnl  sngliun

24961203 003 13930636. 58050 0. 0. 0. 3 4990101 493010000 504010003 S0e-4 00 00 0100
*4961204 003 13295536. 57750 0. 0. 0. 4 4990201 0 ol o1 00

#4961205 003 12625536. 57450 0. 0. 0. 5 .

24961206 003 11930536. 57150 0. 0. 0. 6 P T T T T TP T TSI I ]
24961207 003 11215536. 56850 0. 0. 0. 7 *

431208 003 10625536, 56550 0. 0. 0. 8 4400000 wprcpump  pump

=4%61209 003 9349276. 56250 0. 0. 0. 9 4400101 00 082 00235 00 90 031 0
*4%61210 003 92718626. 56950 0. 0. 0.10 4400108 436010000 00222 00 00 0000
*4961211 003 79536, 55650 0. 0. 0. 11 4400109 444000000 00337 0.0525 00525 0000
=4%61212 003 7330536. 55250 0. 0. 0. 12 4400200 003 15471901, 5606

*4961300 O 400200 0 20050 21683 00

*4961301 01 01 00 1 400202 0 1328 13208 00

*4961302 01 01 00 2 4400301 240 240 240 -1 0 56 0
+4%61303 01 01 00 3 4400302 18350000 65342 05400000 10.000000 55.200000
*4961304 01 01 00 4 4400303 054 700 00 00 00 00 00
#4%61305 01 01 00 5 *

*4961306 01 01 00 6 s pump coastdown data

=4961307 0l 61 00 7 =

*4961308 01 01 00 8 4406100 501 * norm speed

=4961309 01 01 00 9 4406101 00 1243 = 16022

#4%1310 01 0@ 00 10 4406102 800 1243 =+ 1602

=4%61311 01 01 00 11 4406103 &0 1182 *=1VB

. 4406104 80 1152 =14987

4970000  bkin2  branch 4406105 80 1114 =148

4970001 2 0 4406106 1010 937 = 12190

4970101 50e-4 075 00 00 900 075 457e-6 00 W 4406107 1100 801 = 10412

4970200 003 81269. 5465 4406108 1190 721 s BT

4971101 496010000 457000000 302-5 00 00 0100 4406109 1310 614 =798

4972101 457010000 498000000 50e-4 00 00 0000 4406110 1400 549 » 7146

4971201 01 01 00 4406111 1490 502 = 6531

4972201 01 01 00 4406112 1610 449 =+ 5836

- ' 4406113 1700 404 =» 5254

4980000  bkin2  pipe 4406114 180 370 » 4818

4980001 2 4406115 1910 337 =438]

4380101 50e-4 2 4406116 2000 313 4074

4380301 125 2 4406117 290 2091 =373

4980601 00 2 4406118 210 265 =343

4980701 00 2 4406119 200 245 =318

4380801 457e-5 00 2 4406120 200 25 s20%

493000 00 00 1 406121 B0 08 00

4981001 00 2 ) 4406122 2600 196 = 2554

4981101 0000 1 4406123 290 184 =292

4981201 003 7344729. 5405 0. 0. 0. 1 4406124 2810 158 =203
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4406125 200 142 =+ 1843
4406126 200 120 = 15360
4406127 300 96 = 1248
4406128 o0 72 =936
4406129 3580 48 =624
4406130 3300 24 s312
4406131 4000 00

4406132 10000 00

*

BAUETEXASREEENARISAEREBEFERRNRBEENR SR ARZ RS SSEF BRSNS ERNES RO SRS

5290000 ilnsiv ~ valve

5290101 528010000 532000000 0.00429 00 00 0100
5290201 0 5.7878014 17.263%4 0.0 » 27467386
5290300 murvlv

5290301 636 578 2.0000000 1.0000000 0

*

.ll"."“"“ltl"’l““‘..‘.;.‘.'. 8RS

5500000  auxfed tmdpvol

5500101 80 50 00 00 00 00 00 O (0
5500200 3

5500201 00 595300e+6 452

3
BEAIBERAEERLERTEREI R AL XX EAEC R A AR ER B ABLEXRBRIBLRX LSRR USR0S
510000 auxfed tmdpjun

5510101 530000000 500000000 0.004

£510200 1 64

5510201 00 00 00 00

10202 001 114000 00

5510203 50000 114000 00

E 3

3323223223328 22 2322332382232 $332233333% * %
5610000 wpstegfw  tmdpjun

5610101 560000000 500000000  4.00e-3

5610200 1 550 cntlvar 561

5610201 -10e75 00 00 00

5610202 00 00 00 00

561023 50 50 00 00

5610204 70 70 00 00

5610205 10000 70 00 00

2222322223323 3 2228228 22228233282 . 258

* pzr aux spray

BEEXERRASERERRARABER LR LR KA RRERREXBARRAEXRPARRRETRESERERA Y
.

x

6110000 auxtank tmdpvol

6110101 10e+5 100 0. 0. 0 0 0. 0 0
6110200 3

6110201 00 160e+6 3100

z

6120000 auxjun tmdpjun

6120101 611000000 610010001 253%-3
6120200 1 619

6120201 -1.0 0.0 0.0 0.0

6120202 00 01 00 00
6120203 100 01 00 00
6120204 7000 01 00 00
6120205 10000 01 00 00

SEEEXSRASERLERI LR AASASEA AT USSR OENERISERENXE R EN XX RSP IEESRY

* eccs

FERBRELEEBRS LRSI NRR LR LERLNENREEEREARRRRAXLEBEX R EIREREEREND

7200000 ilsi tmdpvol

720101 431 100 00 00 00 00 00 00 0
700200 3

700201 00 101%e-5 31000

*

BEXAEERLEAEREXN SRR AR RNE L AN SR IR RSB RENR
= high pressure safety injection to cold leg
RBRFEERXEBREXZR XS AR SRR RAXAEANBLERXSAR SRR ROREXRE AR R RAXETRES RS

7210000 ilsi  undpjun

7210101 720000000 740000000 2352e-3
72102000 1 616 p 448010000
7210201 -10 00 00 00
7210202 00 00 00 00
7210203 00 0629 00 00
7210204 58%6 0629 00 00
7210205 6036 06065 00 00
7210206 6286 05875 00 00
7210207 647¢6 0569 00 00
7210208 6676 0554 00 00
7210209 6866 0535 00 00
7210210 7066 05125 00 00
7210211 7266 04975 00 00
7210212 7456 0473 00 00
7210213 7656 04565 00 00
7210214 786 0434 00 00
7210215 8046 04115 00 00
T210216 8246 035 00 00
7210217 8436 036X 00 00
T210218 8636 0340 00 00
7210219 88%6 0314 00 00
7210220 9026 02875 00 00
7210221 92%6 024 00 00
7210222 94le6 024 00 00




7210223 96le6 0190 00 00 7310101 730000000 740000000  2552e-3

7210224 98le6 01375 00 00 7310200 1 510 p 44010000
7210225 1005 0038 00 00 7310201 -10 00 00 00
7210226 10156 00 60 00 7310202 00 00 00 00
* 7310203 0.0 013 00 00
7200000 ilsi tmdpvol 7310204 1506 013 00 00

7500101 4375 100 00 00 00 00 00 00 00 *

7200200 3 AIEEREREERA LA SRR BRI F AN ARRRNRERRRIB RS REXBERARAATARRRRRS

7500201 00 1013e+5 31000 7400000 ileccsln  snglvol
. 7400101 2552%-3 160 00 00 00 00 3335
7220000  ilsi  tmdpjun 7400102 00 00
7220101 750000000 140000000 2552e-3 7400200 0 13583371 83230665 2445532.2 0.0
720200 1 617 p 140010000 : *
7220201 -1.0 00 00 00 E R P L P TP P 1y s
7220202 00 00 00 00 7700000  blst tmdpvol
7220203 00 1338 00 00 7700101 437 100 00 00 00 00 00 00 (0
7220204 586 138 00 00 7700200 3 .
T220205 6086 1343 00 00 ‘ 700201 00 1013e+5 3100
6 6285 135 00 00 .
7220207 6.47¢6 1.268 00 00 L L T T L T P T PP
7220208 6676 1238 00 00 *
7220209 686 1200 00 00 7710000 blsi  tmdpjun
7220210 7066 115 00 00 7710101 770000000 790000000  2552e-3
7220211 7266 1125 00 00 7710200 1 618 p 248010000
7220212 7456 1080 00 00 7710201 -10 00 00 00
7220213 766 1043 00 00 7110202 00 00 00 00
7220214 786 0998 00 00 7710203 00 0629 00 00
7220215 8046 053 00 00 7710204 586 0629 00 00
7220216 8246 0500 00 00 7710205 6086 06065 00 00
7220217 8436 085 00 00 7710206 6286 05855 00 00
7220218 8636 0810 00 00 7710207 6476 0363 00 00
7220219 886 078 00 00 7710208 6676 04 00 00
7220220 9026 0705 00 00 7710203 6866 0535 00 00
7220221 9226 0638 00 00 7710210 7066 05125 00 00
20222 94le6 0578 00 00 7710211 726 04975 00 00
7220223 9616 0510 00 00 7710212 746 045 00 00
T220224 98le5 0405 00 00 7710213 7656 04365 00 00
7220225 1006 0248 00 00 7710214 786 0434 00 00
7220226 10156 00 00 00 TI0215 8046 04115 00 00
* 7710216 8246 0385 00 00
reensas = = T710217 8436 03625 00 00
7300000  ilchrg tmdpvo! 7710218 8636 0340 00 00
7300101 4375 100 00 00 00 00 00 00 00 7710219 886 0314 00 00
7300200 3 7710220 9026 02875 00 00
7300200 00 1.013e+5 310.00 7710221 9226 024 00 00
* 77022 0416 024 00 00
RERRER . EEREREAEERERRASNS 7710223 9616 0.190 00 00
7310000 ilchrg  tmdpjun 7710224 98le6 01375 00 00
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7710225 1006 0033 08 00
7710226 10156 00 00 00

EXZRABEXBRXNELFEBSRSEBRFRRRABBLR S SE2 RS2 AIBRR 22NN AER 0052000

7800000 blchrg tmdpvol

7800101 4375 100 00 00 00 00 00 00 00
7800200 3

7800201 00 1013e+5 3100

SERECEAXRERRRLAELREALETLELRERERAEBERERBBARVRE LU TESERELREBEE SRS

7810000 bichrg tmdpjun
7810101 780000000 790000000 2352¢-3
7810200 1 510 p 248010000

7810201 ~1.0 00 00 00
7810202 00 00 00 00
7810203 00 013 00 00

7810204 1506 013 00 00

7900000 blecesln snglvol

7900101 907-4 160 00 00 00 00 3335
7900102 00 00

7900200 0 15488401, 83231.3% 24453315 0.0
REREIXEREEERS L] 2313323332324

+ intact loop secondary pressure control

*8160000 jetdvl tmdpvol

*38160101 1.0e+8 100 00 00 00 00 00 00 00
»8160200 2

*8160201 00 654e+6 10

*8160202 20000 654et6 10

»8160203 30000 270e+6 10

=8160204 50000 270e+6 10

E

8200000  jetdv2 tmdpvol

8200101 10e+8 100 60 00 00 00 00 00 OO
8200200 2

8200201 00 6546 10

8200202 25000 654e+6 10

8200203 26000 270e+6 10

8200204 50000 270e+6 1.0

PrTYT ] s TS

+ boundary system for steady state

%% SEXERBEENEES

REREE
=

9500000 bdryvol  delete

9890000  bdryviv

deleze

P LI LI TSI m

*

20674000 "mass err” sum 1.000000  0.000000 1
2574001  -1448861 10 cntrlvar 720
20574002 10 cntrlvar 915
20601900  auxfeed sum 10 00 I
20601901 00 10 omflow] 331000000
2591902 10 milowj 353000000
20591700  intfeed sum 10 00 1

2061700 00 10 mflowj 361000000
20691702 10 mfiowj 351000000
20591703 10 mflowj 353000000
2001800  brkfeed sum 10 00 1
2591801 00 10 mflowj 561000000
20591802 1.0 milowj 551000000

*

20592000 totwar sum 1.0 00 1
20592001 00 10 omiflowj 771000000
20552002 10  mflowj 721000000
20592003 10  mflowj 722000000
20532004 10 miowj 731000000
2692006 10 mflowj) 781000000
2692100  totalinj integral 10 00 1
20592101 cotrlvar 920

*

259200  twthpidd sum 10 00 1
2592201 00 10 mflowj 771000000
20592202 10  mflowj 721000000
20592204 10  mflowj 731000000
20592205 10  mflowj 781000000
EERSXLEEPRLL NS LSRR RFFEASNESS %

s integrated flow in broken loop

ey R st e i T Y I R Y T AV R R 2R 32 R 22223222 3222833333223
20592300  “si-cliot”  integra! 10 0.0 1

20592301 cntrivar 92

*
20592500
20692501

*

"feediot”  integral 10 00 1
cntrivar 917
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20592600
20392601
20592801

20552900
20352901

.22z

"auxtot”
cntrlvar

"arvtot”
miflow;j

“msliot”
mflowj

integral 10 00
918

integral 10 00
569000000

integral 10 00
529000000

-B.10-



NRC FORM 335 U.S. NUCLEAR REGULATORY COMMISSION [ 1. REPORT NUMBER
(2-89) (Assigned by NRC, Add Vol., Supp., Rev.,
and Addendum Numbers, if any.)

NRCM 1102, BIBLIOGRAPHIC DATA SHEET

3201, 3202
NUREG/IA-0130

(See instructions on the reverse)
CAMP002

2. TITLE AND SUBTITLE

Assessment of RELAPS/MOD3.1 With the LSTF SB-SG-06 Experiment Simulating a Steam
3. DATE REPORT PUBLISHED

Generator Tube Rupture Transient
MONTH | YEAR
September 1996

4. FIN OR GRANT NUMBER

5. AUTHOR(S) 6. TYPE OF REPORT

KW. Seu|, Y.S. Bang, S. Lee, H.J. Kim

7. PERIOD COVERED (inclusive Dates)

8. PERFORMING ORGANIZATION - NAME AND ADDRESS (i NRC, provide Division, Office or Region, U.S. Nuclear Regulatory Commission, and mailing eddress; if contractor,
provide name and mailing address.)

Korea Institute of Nuclear Safety

P.O. Box 16, Daeduck Danji

Taejon, 305-600 Korea

Regulstory C

9. SPONSORING ORGANIZATION - NAME AND ADDRESS (/f NRC, type "Same as sbove”. if contractor, provide NRC Division, Office or Region, U.S. N
and mailing address.)

Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

10. SUPPLEMENTARY NOTES

11. ABSTRACT (200 words cr fess)

The objective of the present work is to identify the predictability of RELAPS/MOD3.1
regarding thermal-hydraulic behavior during a steam generator tube rupture (SGTR).
To evaluate the computed results, LSTF SB-SG-06 test data simulating the SGTR that occurred
at the Mihama Unit 2 in 1991 are used. Also, some sensitivity studies of the code change in
RELAPS, the break simulation model, and the break valve discharge coefficient are performed.
The calculation results indicate that the RELAP5/MOD?3.1 code predicted well the sequence of
events and the major phenomena during the transient, such as the asymmetric loop behavior,
reactor coolant system (RCS) cooldown and heat transfer by natural circulation, the primary and
secondary system depressurization by the pressurizer auxiliary spray and the steam dump using
the intact loop steam generator (SG) relief valve, and so on. However, there are some differences
from the experimental data in the number of the relief valve cycling in the affected SG, and the
flow regime of the hot leg with the pressurizer, and the break flow rates. Finally, the calculation
also indicates that the coolant in the core could remain in a subcooled state as a result of the heat
transfer caused by the natural circulation flow even if the reactor coolant pumps (RCPs) turned
off and that the affected SG could be properly isolated to minimize the radiological release after

the SGTR.
12. KEY WORDS/DESCRIPTORS (List words or phrases that will assist researchers in locating the report,) 13. AVAILABILITY STATEMENT
RELAPS/MOD3, CAMP, SGTR unlimited
14. SECURITY CLASSIFICATION
(This Pege)
unclassified
(This Repoct)
unclassified

15. NUMBER OF PAGES

16. PRICE

NRC FORM 335 (2-89)

This form was electronically produced by Elite Federal Forms, Inc.









on recycled
paper

Federal Recycling Program






- NUREG/IA-0130 ASSESSMENT OF RELAP5/MOD3.1 WITH THE LSTF SB-SG-06 EXPERIMENT
SIMULATING A STEAM GENERATOR TUBE RUPTURE TRANSIENT

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, DC 20555-0001

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300

- SEPTEMBER 1990

SPECIAL STANDARD MAIL
POSTAGE AND FEES PAID
USNRC
PERMIT NO. G-67




