NUREG/TIA-0162

International
Agreement Report

Test LOBI—-BLO6:
Post-Test Analysis and

RELAP5/MOD3.2.1
‘ Code Performance Assessment

- Prepared by
T. Fiore
P. Marsili

. Agenzia Nazionale per la Protezione dell’ Ambiente (ANPA)
Via Vitaliano Brancati 48
- 00144 Roma, Italy

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

. April 1999

Prepared as part of
The Agreement on Research Participation and Technical Exchange
under the International Code Application and Maintenance Program (CAMP)

Published by
- U.S. Nuclear Regulatory Commission



AVAILABILITY NOTICE
Availability of Reference Materials Cited in NRC Publications

NRC publications in the NUREG series, NRC regu-
lations, and Title 10, Energy, of the Code of Federal
Regulations, may be purchased from one of the fol-
lowing sources:

1. The Superintendent of Documents
U.S. Government Printing Office
PO. Box 37082
Washington, DC 20402--9328
<http://www.access.gpo.gov/su_docs>
202-512-1800

2. The National Technical Information Service
Springfield, VA 22161 -0002
<http://www.ntis.gov/ordernow>
703-487-4650

The NUREG series comprises (1) brochures
(NUREG/BR-XXXXX), (2) proceedings of confer-
ences (NUREG/CPOXXX), (3) reports resulting
from international agreements (NUREG/IA-XXXXX),
(4) technical and administrative reports and books
[(NUREG-X0OX) or (NUREG/CR-X0CCX)], and (5)
compilations of legal decisions and orders of the
Commission and Atomic and Safety Licensing
Boards and of Office Directors’ decisions under
Section 2.206 of NRC's regulations (NUREG-

XK.

A single copy of each NRC draft report is available
free, to the extent of supply, upon written request
as follows:

Address: Office of the Chief Information Officer

Reproduction and Distribution
Services Section

U.S. Nuclear Regulatory Commission

Washington, DC 20555-0001

E-mail: <DISTRIBUTION@nrc.gov>

Facsimile: 301-415-2289

A portion of NRC regulatory and technical informa-
tion is available at NRC's World Wide Web site:

<http://www.nrc.gov>

AlINRC documents released to the public are avail-
able for inspection or copying for a fee, in paper,
microfiche, or, in some cases, diskette, from the
Public Document Room (PDR):

NRC Public Document Room

2120 L Street, N\W., Lower Level
Washington, DC 20555~ 0001
<http://www.nrc.gov/NRC/PDR/pdr1.htm>
1-800-~397-4209 or locally 202-634-3273

Microfiche of most NRC documents made publicly
available since January 1981 may be found in the
Local Public Document Rooms (LPDRs) located in
the vicinity of nuclear power plants. The locations
of the LPDRs may be obtained from the PDR (see
previous paragraph) or through:

<http://www.nrc.gov/NRC/NUREGS/
SR1350/V9/Ipdr/htmi>

Publicly released documents include, to name a
few, NUREG-series reports; Federal Register no-
tices; applicant, licensee, and vendor documents
and correspondence; NRC correspondence and
internal memoranda; bulletins and information no-
tices; inspection and investigation reports; licens-
ee event reports; and Commission papers and
their attachments.

Documents available from public and special tech-
nical libraries include all openliterature items, such
as books, journal articles, and transactions, Feder-
al Register notices, Federal and State legislation,
and congressional reports. Such documents as
theses, dissertations, foreign reports and transla-
tions, and non-NRC conference proceedings may
be purchased from their sponsoring organization.

Copies of industry codes and standards used ina
substantive manner in the NRC regulatory process
are maintained at the NRC Library, Two White Flint
North, 11545 Rockville Pike, Rockville, MD
20852-2738. These standards are available in the
library for reference use by tl.e public. Codes and
standards are usually copyrighted and may be
purchased from the originating organization or, if
they are American National Standards, from—

American National Standards Institute
11 West 42nd Street

New York, NY 10036-8002
<http://www.ansi.org>
212-642-4900

DISCLAIMER

This report was prepared under an international cooperative
agreement for the exchange of technical information. 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 uss, of any information, appa-
ratus, product, or process disclosed in this report, or represents
that its use by such third party would not infringe privately
owned rights,




NUREG/1IA-0162

International
Agreement Report

Test LOBI-BL06:
Post-Test Analysis and

RELAP5/MOD3.2.1
Code Performance Assessment

Prepared by
T. Fiore
P. Marsili

Agenzia Nazionale per la Protezione dell’ Ambiente (ANPA)
Via Vitaliano Brancati 48
00144 Roma, Italy

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

April 1999

Prepared as part of
The Agreement on Research Participation and Technical Exchange
under the International Code Application and Maintenance Program (CAMP)

Published by
U.S. Nuclear Regulatory Commission



ACKNOWLEDGMENTS

The authors wish to thank Dr. Giovanni Bava, Dr. Gabriele Del Nero, Dr.
Andrea Orazi and Dr. Aldo Buccafurni, all from ANPA, for reviewing the report and
for their useful comments.

Many tanks are also due to Dr. Alessandro Annunziato (JRC-Ispra) for
providing the initial input deck of LOBI-MOD?2 test facility and for giving significant
help in understanding the plant/instrumentation features and in investigating specific
code model behavior. .

Finally many thanks are due to Prof. Francesco D’Auria and Dr. Walter
Giannotti (DCMN - University of Pisa) for their support for the quantitative accuracy
evaluation by FFT.



CONTENTS
ABSTRACT
LIST OF FIGURES
LIST OF TABLES
1. INTRODUCTION

2. DESCRIPTION OF THE EXPERIMENT
2.1 DESCRIPTION OF THE LOBI FACILITY
2.2 SYSTEM CONFIGURATION AND TEST OVERVIEW

2.3 ANALYSIS OF THE TEST DATA

3. ADOPTED CODE AND NODALIZATION
3.1 CODE RELAP5/MOD3.2

3.2 DESCRIPTION OF THE ADOPTED NODALIZATION

4. ANALYSIS OF POST-TEST CALCULATIONS RESULTS
4.1 STEADY STATE CALCULATIONS (PHASE 1 OF THE POST-TEST ANALYSIS)

4.2 REFERENCE CALCULATION RESULTS
4.2.1 Phase 1: From the opening of the break to the pumps arrest (0-2820 s)
4.2.2 Phase 2: From the pumps stop to the end of the accumulator injection (2820-4050 s)
4.2.3 Phase 3: From the end of the accumulator injection to the final core rewetting (4050-6900

s)
4.3 SENSITIVITY CALCULATIONS
4.3.1 ROl-case
4.3.2 R02-case
4.3.3 R03-case
4.3.4 R04-case

4.4 QUANTITATIVE ACCURACY EVALUATION
5. CONCLUSIONS
REFERENCES

LIST OF ABBREVIATIONS

v

Vi

11

22

22

33
33
36
37
38

41

SRRES

46

78

79

80



APPENDIX 1: Resuits of the reference calculation
APPENDIX 2: Results of the sensitivity calculation R01
APPENDIX 3: Results of the sensitivity calculation R02
APPENDIX 4: Results of the sensitivity calculation R03
APPENDIX 5: Results of the sensitivity calculation R04
APPENDIX 6: Short overview of the UMAE basic principles

APPENDIX 7: input deck

II



ABSTRACT

This report deals with the results of the “post-test analysis” of the test BL-06
performed in the LOBI/MOD2 test facility.
LOBI/MOD?2 is an integral test facility that represents, at approximately 1:712 scale, a-
four loop (KWU design, 1300 MWe) PWR.
The test BL-06 simulates a 1% cold leg break LOCA, with the main coolant pumps
switched off very late in the transient.
The calculations have been realized with the code Relap5/Mod3.2.1. The uncertainty
evaluation of the calculation result has been performed using a specific method
developed by Pisa University.
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1. INTRODUCTION

The present work deals with the post-test analysis of the test BL-06 realized at
LOBI/MOD2 facility.
The test BL-06 was defined to simulate the phenomena characterized by a cold leg
small (1%) break LOCA. The programmatic objectives consisted in the acquisition of
the experimental data for the study of the physical phenomena and for the assessment
of the predictive capabilities of system codes used in the safety evaluation of LWR.
In particular test BL-06 was projected to analyze the influence of main coolant pumps
operation mode during small break LOCAs in PWRs. The operational procedures
foresee that for accidents of this type the arrest of pumps happens following the scram
signal and therefore within a few seconds after the accidental event. In test BL-06 the
pump trip was delayed and was generated on high heater rods surface temperature.
Phenomena of great importance analyzed during the evolution of test BL-06 included
among others:
- depletion and distribution of primary system mass;
- performance of the pumps in presence of two-phase flow;
- phase separation in the core region;
- break mass flowrate;
- core uncover and dryout;
- accumulator performance and core reflood.
LOBI/MOD2 test BL-12 was the reference test case for test BL-06 with respect to
main coolant pump operation mode. In fact test BL-06 was specified preserving as
much as possible, the initial and boundary conditions adopted in test BL-12 (which
mainly differed in the early trip of the main coolant pumps). In order to ensure the
occurrence of core dryout and the influence of main coolant pump operation, both tests
were specified assuming the high pressure safety system not available.
The principal purpose of this report is to evaluate the performances of the code
Relap5/Mod3.2.1 in the simulation of this accident. _
The performance assessment and validation of large thermal-hydraulic codes and the
accuracy evaluation of the safety margins for Light Water Reactors (LWR) are among
the objectives of international cooperative programs, such as the Code Applications
and Maintenance Program (CAMP).
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2. DESCRIPTION OF THE EXPERIMENT

2.1 DESCRIPTION OF THE LOBI FACILITY

The LOBI/MOD2 was a high pressure integral system test facility and
represented, at approximately 1:712 scale, a four-loop PWR, (1300 MWe, KWU
Design). This facility was designed and realized at the Joint Research Centre (JRC) of
the European Community in Ispra.

The purpose of the LOBI/MOD2 facility was to evaluate the performances of the safety
systems of nuclear power plant in transient and accidental conditions.

-A sketch of the primary and secondary circuit of the facility is reported in Fig. 2.1 and
2.2 respectively.

LOBI/MOD?2 primary circuit had two loops, the intact loop representing three loops of
the reference NPP and the broken loop representing the loop of the NPP where was
located the break.

Each primary loop contained a main coolant circulation pump (MCP) and a steam
generator (SG). The two pumps were equal but they ran at different speed to achieve
rightly scaled flowrates.

The simulated core consisted of a directly electrically heated 64 rod bundle arranged in
a 8 x 8 square matrix inside the pressure vessel; nominal heating power was 5.3 MW.
Each heater rod consisted of an internally pressurized hollow tube with an active
heated length of 3.9 m. The wall thickness was varied in 5 steps to provide a cosine
shaped axial heat flux distribution.

The primary cooling system operated at normal PWR conditions: approximately 15.8
MPa and 567-599 K pressure and temperature, respectively.

Each steam generator contained components such as inverted U-tubes, an annular
downcomer and coarse and fine steam separators modelling the geometry of the
reference plant. The exchanged power in the two steam generators, at the nominal
operating conditions, was of 1.32 MW (8 U-tubes) and 3.96 MW (24 U-tubes) for the
broken and the intact loop respectively.

Heat was removed from the primary loops by the secondary cooling system containing
a condenser and a cooler, the main feedwater pump and the auxiliary feedwater system.
The normal operating conditions of the secondary cooling system were approximately
483 K feedwater temperature and 6.45 MPa pressure.

The pressurizer design was similar to that of the reference plant. It was scaled in
volume but not in height. The pressurizer surgeline was connectable to either the intact
or broken loop. Simulation of power operated relief valves (PORVs) was provided in
the pressurizer relief line.

The LOBIYMOD2 Emergency Core Cooling System (ECCS) included: the High
Pressure Injection System (HPIS), the Low Pressure Injection System (LPIS) and the
Accumulator (ACC).

Description of the experiment-2
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A process control system allowed the simulation of the main coolant pump hydraulic
behavior (speed control), of the decay and stored heat (power control to the electrically
heated rod), of the high pressure injection system and auxiliary feedwater system mass
flow rates.

Table 2.1 summarizes the principal characteristics of the facility.

CHARACTERISTIC VALUE
Nominal pressurizer pressure (MPa) 154
Core active fluid temperature (K) 599
Number of fuel rods 64

Core active height (m) ' 3.9
Fluid volume (V) (m®) 0.64
Core power (P) (MW) 5.28
Core inlet flow (kg/s) 0.026
Hot leg diameter (Intact loop) (m) 7.37-10
Hot leg diameter (Broken loop) (m) 4.60-10"
Hot leg length (Intact loop) (m) 5.475
Hot leg length (Broken loop) (m) 5.511
Number of loops 2
Number of tubes in steam generator (IL) 24
Number of tubes in steam generator (BL) 8

Tab. 2.1 - Significant parameters of the LOBI/MOD?2 facility

The scaling criteria used in the LOBI/MOD2 facility brought to the following

characteristics:

1) volume, primary circuit coolant mass flow and power input were scaled down from
the reference reactor values by a factor of 712;

2) to preserve the gravitational effects, the absolute heights and the relative elevations
of the different system components were kept at reactors values with the exception
of pressurizer which was shorter, in order to preserve the scaling ratio and to
maintain, at the same time, an acceptable flow area.

The LOBI test facility was initially designed to simulate the thermal-hydraulic

scenarios in a pressurized water reactor during the large break loss-of-coolant

accidents. Subsequent modifications to the original configuration made LOBI/MOD2
facility able to simulate a wide variety of small break LOCA and special transient.

Description of the experiment-5



2.2 SYSTEM CONFIGURATION AND TEST OVERVIEW

To realize the test BL-06, the LOBI/MOD?2 test facility was predisposed in the
basic configuration for cold leg break loss-of-coolant experiments.
Geometrical and operational data of certain subsystems required to meet test specific

objectives are summarized in Tab. 2.2.

Break - Cold leg break between MCP and

- Position vessel inlet

- Size - Break orifice 3.0 mm

- Type - Communicative, side oriented

Upper head Connected to upper plenum and upper
downcomer

Pressurizer Connected to intact loop hot leg

PORYV

On-Off valve - orifice 2.74 mm

DN-15 Control valve

Accumulator Injection System

- Injection position - Intact Loop cold leg

- Injection line orifice - 3.5mm

- Liquid volume - 0.137 m®

- Gas volume - 0143 m’

Low Pressure Injection System

- Injection position - Intact Loop cold leg

- Injection rate - 0.4kg/s

Main Coolant Pump

- Seal water drainage - Before rupture: from upper plenum

- Locked rotor resistance simulator

- After rupture: from lower plenum

- Intact Loop:  nonused

- Broken Loop: inserted 4s after
pump zero speed

Secondary side
- SRV set point

- to follow BL-12 secondary side 4
pressure curve

Tab. 2.2 - System configuration for the test BL-06

From the table, it should be noticed that some components, although not reactor
typical, were anyway required for either operational reasons or simulation

requirements.
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The heat loss of the LOBI/MOD2 test facility in nominal conditions are given in Tab.
2.3. The operational set points are listed in Tab. 2.4.

Primary System Heat Loss

- Intact loop 29 kW

- Broken loop 29 kW

- Vessel and upper head 27 kW

- Pressurizer 2kW

87 kW

Secondary System Heat Loss

- Intact loop 6.8 kW

- Broken loop 5 kW

- Steam lines 3.2kW

15.0 kW

Tab. 2.3 - System heat loss for test BL-06

ACTION REFERENCE SET POINT
break opening time 0.s
scram up. head press. (pr21) <13.1 MPa
AUXFEED initiation time after scram 72s
HPIS unavailable

MCP trip Rod clad temp (K) >685
end MCP coast down time 2s
ACC actuated time after pump stop 50s
1° PRZ PORYV opening rod clad temp after ACC quenching 646 K
2° PRZ PORY opening rod clad temp after ACC quenching 704 K
LPIS initiation rod clad temp after ACC quenching 745K
PRZ PORVs closing time after LPIS on 25s

Tab. 2.4 - Operational set points

The test was initiated by opening the break valve located in the cold leg of the broken
loop. Because of mass loss through the break, the primary system depressurized.
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When the primary pressure dropped to 13.1 MPa, the scram signal was generated.
Thereafter the secondary system was isolated and the core power started decreasing
based on a defined decay curve. The auxiliary feedwater was injected into the
secondary side 72 s after scram signal.

The main coolant pumps were kept running at the nominal speed until the core
temperature reached 685 K. Then they started to coast down and after 2 s the pumps
speed was zero.

The accumulator injection started 50 s after the pump stop (primary system pressure
was about 4.1 MPa). When the available mass (about 125 kg) was depleted, the
accumulator injection terminated.

Then, due to the mass still loosing from the primary system, the rod temperature
reached again values of the order of 643 K. Since the pressure in the primary system
was too high to allow the injection of the low pressure injection systems (LPIS), the
primary system was depressurized through the PORV using also an additional safety
valve. Nevertheless the relief capability was not sufficient to depressurize the RCS up
to P=1 MPa, and the LPIS was anyway activated at P=1.8 MPa in order to prevent
excessive core temperature rise. The test finished at t=6900 s after that the emergency
system LPIS had quenched the core.

The specified system initial conditions are listed in Tab. 2.5.

Descripﬁon of the experiment-8



Experimental Units
Primary System
Upper Plenum Pressure 15.87 MPa
Core Power 5.31 MW
Intact Loop
- Mass flow 21.0 kg/s
- Vessel Inlet Temperature 569 K
- Vessel Outlet Temperature 601 K
Broken Loop
- Mass flow 7.2 kg/s
- Vessel Inlet Temperature 570 K
- Vessel Outlet Temperature 603 K
Pressurizer
- Water Level c.5.1 m
- Temperature 621 K
MCP Seal Water Injection
- Intact loop 0.01 kg/s
- Broken loop 0.005 kg/s
- Temperature c. 303 K
Secondary System
SG Intact Loop
‘- Steam dome pressure 6.46 MPa
- Mass Flow 2.1 kg/s
- Inlet Temperature 486 K
- Outlet Temperature 553 K
- Downcomer Water Level 8.0 m
- Recirculation ratio c.64
SG Broken Loop
- Steam dome pressure 6.45 MPa
- Mass flow 0.75 kg/s
- Inlet Temperature 482 K
- Outlet Temperature 553 K
- Downcomer Water Level 8.34 m
- Recirculation ratio c.43 -

Tab. 2.5 - Operational initial conditions for the test BL-06

Description of the experiment-9







2.3 ANALYSIS OF THE TEST DATA

From a phenomenological point of view the accident can be divided in three
phase:
Phase 1: from the opening of the break to the pumps arrest;
Phase 2: from the pumps arrest to the end of the accumulator injection;
Phase 3: from the end of the accumulator injection to the final core rewetting.

a) Phase 1 : From the opening of the break to the pumps arrest (0-2790 s);

The initial period of the transient is characterized by a fast depressurization of
the primary system (Fig. 2.3) due to mass loss through the break (Fig. 2.4). At about
t=36 s the primary pressure becomes lower than P=13.1 MPa and the scram is actuated -
and the MSIVs are closed. From that instant the generated power follows the decay
heat curve.

In order to have boundary conditions as close as possible to LOBI test BL-12 the
secondary pressure was regulated through the relief valves.

The fast depressurization of the primary system, after the break opening, is reduced
when saturation conditions are reached in the hot leg. The primary pressure restarts
decreasing when the core power starts to decrease due to the scram.

About 30 s after the scram signal, the pressure is governed by the behavior of the
secondary side pressure, since the power lost through the break is not sufficient to
remove the residual heat produced in the core. As a consequence, the primary and
secondary side are coupled for a while (Fig. 2.5). When the tubes of the SG are empty
the heat exchange between primary and secondary side is negligible and the related
pressures assume independent trends.

The behavior of the main coolant pumps is of particular interest for this test. In Figs.
2.6 e 2.7 is presented the pump head and void fraction at the inlet of the main coolant
pumps. It is clear from those figures that after 700 s the pumps have almost completely
lost their efficiency.

The loss of efficiency is connected with the presence of the two-phase flow at the
pump inlet. For the intact loop the degradation begins when the inlet void fraction is
about 0.1 at about 120 s, while the complete degradation occurs when the void fraction
is about 0.5. In the broken loop the degradation begins when the void fraction is about
0.18 but the diminution of efficiency is much greater.

Even if the efficiency is reduced, the pump of the intact loop causes a flow sufficiently
high that determines an accumulation of liquid at the entry of the steam generator
(CCFL) (Fig. 2.8); this is not occurred in the broken loop because of the stronger pump
degradation. That means that the two primary circuits have an asymmetrical behavior
(Fig. 2.9).

The decreasing rate of the collapsed liquid level is slow until =570 s (Fig. 2.10). At
that time the pump degradation occurs and the collapsed liquid level has a fast
reduction, but it remains above the top of the active fuel zone.
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The core dryout is determined by the mixture level in the core. In Fig. 2.10 is possible
to observe that as soon as the mixture level is become lower then the top of active fuel
zone, the dryout is being occurred.

The Figs. 2.11 and 2.12 show the behavior of rod clad temperature at different levels.

It is possible to note that:

- the dryout begins before the arrest of the pumps;

- the thermal behavior is asymmetrical, in fact the heater rods placed at the same level
don't reach the dryout in the same instant;

- the core uncover mode is top-down; in fact in the higher levels the excursion of
temperature begins at about t=2400 s while in the lower levels it begins at about
t=2800 s;

- the bottom part of the core doesn't experiment dryout (Fig. 2.12).

b) Phase 2: From the pumps stop to the end of the accumulator injection (2790-
3830 s)

The arrest of the main coolant pumps determines a redistribution of primary
system mass inventory. In particular the core mixture level decreases about 1 m (Fig.
2.10), while the downcomer collapsed level immediately increases (Fig. 2.13).

Besides, when the pumps are stopped, in the intact loop the water located at the entry
of steam generator flows back to the core, determining a temporary quenching of the
related side of the core (Figs. 2.14, 2.15). The central fuel bundle shows a reduction at
the core heat-up rate, but it is not quenched, while in the broken loop side the clad
temperature continues to increase, and even at a faster rate (Figs. 2.14, 2.15).
. Due to the pumps stop, the primary pressure increases at first, then restarts decreasing
because of primary mass loss (Fig. 2.5). At t=2840 s the primary pressure becomes
4.12 MPa and the accumulator is allowed to inject into the primary system.
As a consequence of the accumulator injection, the primary side pressure decreases
(Fig 2.5), the primary system mass inventory increases (Fig. 2.16) and, in particular,
the core level increases determining core rewetting at t=3050 s. The core rewetting
occurs from the lower part to the high part (Fig. 2.14).

¢) Phase3: From the end of the accumulator injection to the final core
rewetting (3850-6900 s)

When the accumulator is stopped the primary system restarts pressurizing (Fig.
2.5) because the energy lost through the break is not sufficient to compensate the net
input power into the RCS.
However, due to the loss of inventory, the core level restarts to decrease again (Fig.
2.10) and at t=5500 s the core experiments a second core dryout.
When the rod clad temperature reaches 623 K (Fig. 2.17) a valve smulatmg three
PORVs is opened in the pressurizer in order to cause a depressurization of RCS and
allow the intervention of the LPIS at P=1 MPa. Being the depressurization rate too low
(Fig. 2.18) it has been necessary to modify the operational procedure and to open
another valve.

Description of the experiment-12



The combined action of the two valves allows a faster depressurization of the primary
system. At t=6382 s, with a primary pressure P=1.7 MPa, the LPIS is activated because
the temperature of the heater rods has reached 745 K. The intervention of the LPIS
determines the core quenching and therefore the end of the test.
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3. ADOPTED CODE AND NODALIZATION

3.1 CODE RELAP5/MOD3.2

The Relap5/Mod3.2 is a transient analysis code for complex thermal-hydraulic
systems. The fluid and energy flow paths are approximated by a one-dimensional
stream tube and conduction model. The code contains models peculiar to western light
water reactors. In particular the neutronics is simulated by a point kinetics model; other
specific models are related to pump turbines, jet pumps, valves, accumulator and
separator; the reactor control system can also be simulated.

The code is based on a non-homogeneous non-equilibrium set of 6 partial derivative
balance equations for the steam and liquid phases. A non-condensable component in
the steam phase and a non-volatile component (boron) in the liquid phase are also
treated by the code.

A fast, partially implicit numeric scheme is used to solve the equation inside control
volumes connected by junctions. '
A direction, associated to the control volume, it's positive from the inlet to the outlet.
The fluid scalar properties such as pressure, energy, density, and void fraction are
represented by the average fluid conditions and are considered located at the control
volume center. The fluid vector properties, i.e. velocities, are located at the junctions
and are associated with mass and energy flow between control volumes.

The heat flow is 1-D modeled. The heat conductor or heat structure is thermally
connected to the hydrodynamic control volumes through a heat flux . The heat
structures are used to simulate pipe walls, heater elements, nuclear fuel pins and heat
exchanger surfaces. A specialized two-dimensional heat conduction solution method
with an automatic fine mesh rezoning is used for low pressure reflood.

The kinetics model consists of a system of ordinary differential equations that are
integrated using a modified Runge-Kutta technique. The feedback effects of fuel
temperature, moderator density and boron concentration in the moderator are evaluated
using averages over the hydrodynamic control volumes and associated heat structures
that represent the core. The averages are weighted averages that are established a priori
such that they are representative of the effects on total core power.

Certain non linear or multidimensional effects due to spatial variations of the feedback
parameters cannot be accounted for with such a model. Thus, the user must judge
whether or not the model is a reasonable approximation to the physical situation being
modeled.
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3.2  DESCRIPTION OF THE ADOPTED NODALIZATION

The Relap5/Mod3.2.1 LOBI/MOD2 nodalization reproduces in detail the
primary and secondary systems, it is shown in Fig. 3.1.
The correspondence between the zones of the facility and the nodes of the code model
and relevant input values related to the hydraulic volumes are summarized in Tab. 3.1.
In the Tab. 3.2 are summarized the relevant input value related to the connecting
junctions of the nodalization.
The following items can be added to clarify Fig. 3.1 and the mentioned tables:

- the nodes 100, 105, 110 represent the intact loop cold leg which is connected with the
steam generator through the junction 115 and with the vessel through the junction
350-02, the equivalent for the broken loop are the nodes 200, 203, 206 and the
junctions 208 and 350-03. Besides to the node 105 is also connected the pressurizer
surge line through the junction 105-03;

- the nodes 120 and 210 represent the steam generator U-tubes of the intact and broken
loop respectively. The number of the volumes of the node 120 it is double in
comparison to that of the node 210 for allowing a more accurate heat exchange
between primary and secondary side;

- the nodes 130 and 133 represent the loop seal of the intact loop, the correspondent for
the broken loop are the nodes 220 and 223;

- the two pumps are simulated by the nodes 135 and 225;

- the intact loop cold leg is simulated by nodes 137,140,145 and is connected to the
vessel through the junction 305-01, the equivalent for the broken loop are the nodes
230,240,250,260 and the junction 305-02;

- the vessel has been divided into the five zones:
1) downcomer (simulated by the nodes 300, 305, 310) connected to the upper
head through the branch 363;
2) lower plenum (simulated by the nodes 315 and 320) connected to the

downcomer and to the core;

3) core region (represented by the nodes 325 and 335; among these, the nodes
335-01 to 335-06 constitute the active region). The junction 340 connects the
core to the upper plenum;
4) upper plenum (represented by the nodes 345, 350, 355) connected to the upper
head through the branch 380;
5) upper head (simulated by the volumes 370, 375);

- the junctions 352 and 353 represent the bypass flow between downcomer and upper
plenum. They respectively represent the two holes of 5 mm diameter each connecting
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downcomer and upper plenum at the uppermost elevation and the gap around hot leg
nozzles; :

- the two accumulators and the respective feed lines are represented by the nodes
numbered with the seven hundred; They are connected with the cold legs of the two
intact loops; ’

- in the broken loop the pump locked-rotor resistance simulator is represented through
the valve 235;

- the time dependent volumes 226, 136, 360 and 361 connected with the primary
system through the time dependent junctions 224, 134, 358 and 359, simulate the two
pump seal cooling system. During the steady state the fraction of seal water entering
the primary system is drained from the upper plenum, while during the transient
period is drained from the lower plenum;

- the pressurizer and his surge line is represented by the nodes 409, 410, 420, 400. An
additional system can be noted in the pressurizer nodalization, it allows the primary
side pressure to remain constant in the steady-state period and is represented by the
time dependent volume 430 and related trip valve 425;

- the two valves 440 and 441 and the related time dependent volumes 910 and 901,
connected to the top of the pressurizer, simulate the PORV system;

- the two steam generators have similar secondary side nodalization even if in the intact
loop the number of the volumes of the node that represent the zone including the U-
tubes is double in comparison to that of the broken loop. Each steam generator can be
divided in five zones:

1) the downcomer (simulated by the nodes 510, 500, 555 for the intact loop and
by the nodes 610, 600, 655 for the broken loop);
2) the riser zone including the spacer grids (represented by the volumes 530 and
545 for the intact loop and by the volumes 630, 645 for the broken loop);
3) the top of the steam generator including the separator, the dryer and the steam
dome region (represented from the volumes 550, 552, 560 forthe intact loop
and from the volumes 650, 652, 660 for the broken loop). The two
separators are necessary in the code model in order to achieve quality equal
to one in the steam dome;
4) the steam line downstream the dome of each steam generator (simulated
through the volumes 564 for the intact and 664 for the broken). These two
volumes are connected to the volume 565 which in it turn is connected to the
condenser, vol. 582, through the valve 580;
5) the feedwater line connected to the top of downcomer (simulated with the
time dependent junction 570 and the time dependent volume 572);

- connected to the steam generator there are different control volumes:
a) auxiliary feed water: TDV 576 (IL) and 676 (BL) and TDJ 574 (IL) and 674

(BL);
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b) the TDVs 567 (IL) and 667 (BL) together with the valves 563 (IL) and 663
(BL) condition the pressure in the secondary side to have the same pressure  of
the test BL-12;

- the active structures that simulate the hot rods are divided in 5 radial meshes.
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node volume height/length type zone
(m’x10°) (m)
INTACT LOOP
100-01 3.1398 0.736 snglvol
105-01 3.1782 0.745 branch hot leg
110-01 6.8256 1.6 pipe
110-02 2.679 0.628
120-01 19.28 1.763 pipe
120-02 9.932 0.306
120-03...06 1.0681 0.1475
120-07...10 0.90516 0.125
120-11...14 1.8103 0.25
120-15...22 3.6206 0.5
120-23,24 7.3487 1.015 primary side
120-25...32 3.6206 0.5 steam
120-33...36 1.8103 0.25 generator
120-37...40 0.90516 0.125
120-41...44 1.0681 0.1475
120-45 9.932 0.306
120-46 19.28 1.763
130-01 4394 1.03 pipe
130-02 3.2806 0.769
130-03 6.8725 1.611 loop seal
130-04 2.6662 0.625
130-05 6.8725 1.611
133-01 3.2806 0.769 branch
135-01 1.9999 0.6027 pump pump
136-01 1m’ 1 tmdpvol seal water
138-01 1.5 5.0 branch
137-01 3.1526 0.739 branch
140-01,02 49571 1.162 pipe cold leg
145-01 3.5877 0.841 branch
BROKEN LOOP
200-01 1.2502 0.749 snglvol
203-01 1.4438 0.865 branch
206-01 1.1116 0.666 pipe hot leg
206-02 1.1116 0.666
206-03 1.145 0.686
210-01 6.9228 1.884 pipe
210-02 2.7009 0.192

Tab. 3.1 - Details of nodes geometry in the Relap5 nodalization - correspondences
between code nodes and hydraulic zones (cont’ed)
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210-03,04 0.67586 0.28
210-05,06 0.60345 0.25
210-07,08 1.2069 0.5 primary side
210-09...12 24138 1.0 steam
210-13,14 2.4435 1.012 generator
210-15...18 24138 1.0
210-19,20 1.2069 0.5
210-21,22 0.60345 0.25
210-23,24 0.67586 0.28
210-25 2.7009 0.192
210-26 6.9228 1.884
220-01 1.7392 1.042 pipe
220-02 1.9245 1.153
220-03 1.2368 0.741
220-04 1.2218 0.732 loop seal
220-05 1.2368 0.741
223-01 1.9245 1.153 branch
225-01 2.000935 0.603 pump pump
226-01 1m’ 1.0 tmdpvol seal water
228-01 1.5 5.0 branch
230-01 1.4354 0.86 branch
240-01 2.1081 1.263 branch cold leg
250-01 1.5189 091 snglvol :
260-01 1.175 0.704 branch
PRESSURE VESSEL
300-01 3.5627 0.315 branch
305-01 5.508 0.487 branch
310-01,02 6.786 0.6 annulus
310-03 8.3694 0.74
310-04 7.4985 0.663 downcomer
310-05,06 9.8963 0.875 region
310-07 7.4985 0.663
310-08 6.9217 0.612
310-09 44109 0.39
310-10 6.967 0.616
315-01 13.379 0.175 branch lower plenum
320-01 13.379 0.175 branch
325-01 14.817 0.616 pipe
325-02 8.9813 0.39
335-01 4.9665 0.612 pipe core region
335-02 5.3804 0.663
335-03,04 7.1008 0.875
335-05 5.3804 0.663
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Tab. 3.1 - Details of nodes geometry in the Relap5 nodalization - correspondences
between code nodes and hydraulic zones (cont’ed)

335-06 4.9665 0.74 core region
345-01,02 14.989 0.6 pipe
350-01 12.166 0.487 branch upper plenum
355-01 7.8693 0.315 branch
360-01 0.5m’ 0.5 tmdpvol seal water
361-01 0.5m’ 0.5 tmdpvol drain
363-01 0.44485 1.416 branch
365-01 0.99557 3.169 branch
370-01,02 9.67 0.855 pipe upper head
375-01 9.67 0.855 branch
380-01 0.44485 1.416 branch
PRESSURIZER
400-01 0.23675 1.73 pipe
400-02 0.35581 2.6 surge line
400-03 0.38318 2.8
409-01 10.327 0.898 branch
410-01 10.92 0.9 pipe pressurizer
410-02...06 10.939 0.9 vessel
410-07 4.6636 0.585
420-01 6.3634 0.79 branch pressurizer
430-01 11.5 1.0 tmdpvol bottom
901-01 lm’ 1.0 tmdpvol PORVs
910-01 1m’ 1.0 tmdpvol
SECONDARY SIDE
STEAM GENERATOR INTACT LOOP
500-01 16.755 1.402 branch
510-01...08 5.9755 0.5 annulus
510-09...12 2.9877 0.25 downcomer
510-13...20 1.4939 0.125
530-01...08 3.7381 0.125 pipe
530-09...12 7.4763 0.25 riser section
530-13...20 14.953 0.5
545-01 62.848 1.402 branch
550-01 34.766 1.105 snglvol upper plenum
552-01 185.6 1.1 branch separator
560-01 101.6 0.593 branch steam dome
564-01 24.232 6.5 snglvol
565-01 9.0 20 branch steam line
582-01 0.5 m’ 0.5 tmdpvol
567-01 0.5 m’ 0.5 tmdpvol
572-01 0.5m’ 0.5 tmdpvol main feedwater

Adopted code and nodalization-29




Tab. 3.1 - Details of nodes geometry in the Relap5 nodalization - correspondences
between code nodes and hydraulic zones (cont’ed)

576-01 0.5m’ 0.5 tmdpvol auxiliary
feedwater
STEAM GENERATOR BROKEN LOOP
600-01 5.1618 1.304 branch downcomer
610-01...04 3.9584 1.0 annulus
610-05,06 1.9792 0.5 downcomer
610-07...10 0.9896 0.25
655-01 37.8 1.128 snglvol
630-01...01 2.3737 0.25 pipe
630-05,06 4.7474 0.5 riser section
630-07...10 9.4947 1.0
645-01 23.064 1.304 branch
650-01 12.309 1.128 snglvol upper plenum
652-01 59.052 1.1 branch separator
660-01 38.991 0.681 branch steam dome
664-01 8.4622 5.8 snglvol steam line
667-01 0.5m*> 0.5 tmdpvol
672-01 0.5m’ 0.5 tmdpvol " main feedwater
676-01 0.5m’ 0.5 tmdpvol auxiliary
feedwater
ACCUMULATOR
710-01 267.0568 5.505 accumulator accumulator
720-01 0.4831 1.0 branch dividing branch
724-01 1.8551 3.84 pipe intact loop
724-02 0.71016 1.47 hot leg
728-01 1.8696 3.87 pipe feed line
734-01 1.8551 3.84 pipe intact loop
734-02 0.628 13 cold leg
738-01 1.5725 3.255 pipe feed line
750-01 94.3761 4.924 accumulator accumulator
760-01 0.4022 2.0 branch dividing
branch
764-01 0.54257 2.698 pipe broken loop
764-02 0.17134 0.852 hot leg
768-01 0.37606 1.87 pipe feed line
768-02 0.13077 1.845
774-01 0.54257 2.698 pipe broken loop
774-02 0.17134 0.852 cold leg
778-01 0.57716 2.87 pipe feed line
800-01 1 m’ 1.0 tmdpvol LPIS
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[ 900-01 | 1m’ | 1.0 |  tmdpvol | BREAK |

Tab. 3.1 - Details of nodes geometry in the Relap5 nodalization - correspondences
between code nodes and hydraulic zones
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SIGNIFICANT |FLOW AREA k, Ky POSITION
JUNCTION m’
115 42.66e-2 0.0 0.0 SG inlet IL
125 42.66e-2 0.0 0.0 SG suction leg IL
134 3.0e-4 seal water TDJ IL
208 16.691e-4 0.35 0.16 SG inlet BL
215 0.7288e-3 0.0 0.0 SG suction leg BL
235 16.691e-4 0.3 03 penta valve
224 3.0e-4 seal water TDJ BL
305-01 42.66e-2 3.55 3.55 core inlet IL
305-02 16.691e-4 3.24 3.24 core inlet BL
350-02 42.66e-2 0.94 0.94 core outlet IL
350-03 16.691e-4 1.54 1.54 core outlet BL
352 1.131e-2 bypass
353 1.131e-2 bypass
358 6.0e-4 exit seal water
359 6.0e-4 :
440 5.896e-6 1.5 1.5 PORV
441 4.3043e-6 1.5 1.5 PORV
563 1.5¢-3 1.5 1.5 relief valve
570 1.5e-3 main feedwater inlet valve
574 1.4589%¢-3 aux. feedwater inlet junction
580 4.5e-3 0.0 0.0 SG common discharge valve
663 5.0e-4 1.5 L5 relief valve
670 6.0e-4 main feedwater inlet valve
674 6.3794e-4 aux. feedwater inlet junction
722 4.831e-4 0.0 0.0 IL acc. inje. valve to hot leg
732 9.616¢-6 0.0 0.0 IL acc. inje. valve to cold leg
762 2.011e4 0.0 0.0 IL acc. inje. valve to hot leg
2.011e4 0.0 0.0 IL acc. inje. valve to cold leg
810 1.131e-4 LPIS
950 7.0686¢-6 1.25 1.25 break valve

Tab. 3.2 - Details of relevant junction related parameters of nodalization
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4. ANALYSIS OF POST-TEST CALCULATIONS RESULTS

The post-test analysis has been characterized by the following three phases:

1) implementation of a model consistent with the geometric configuration of the
experimental facility and with the process data registered in the pre-test phase;

2) definition and execution of a reference calculation on the basis of the model
determined in the phase 1 and of the operational procedures that have characterized
the experiment;

3) perform sensitivity calculations relating to specific process parameters.

4.1 STEADY STATE CALCULATIONS (PHASE 1 OF THE POST-TEST
ANALYSIS)

The model of LOBI-MOD?2 test facility used for the post-test calculation was
realized starting from an input deck provided by the JRC of Ispra [8] and adapting it to
the specific test characteristics. '

A first series of calculations was aimed to reproduce, during the steady state, the

experimental values of the pressure in the primary and secondary circuits, the curve of

heating power, the mass flowrate in the intact and in the broken loop, etc..

In order to get this result the following operations have been performed on the model

provided by JRC-Ispra:

- insertion of TDV to force the primary and secondary pressures to the initial values
before the opening of the break valve;

- change of heat transfer coefficients to get the experimental heat losses of the primary
and secondary circuits (Tab. 2.3);

- modification of the electrical power control curve;

- modification of the pumps speed arrest curve;

- adaptation of the trips that control: the opening of the break valve, the intervention of
the scram, the intervention of the auxiliary feedwater, the arrest of the pumps, the
intervention of the accumulator, the opening of the PORVs and finally the
intervention of the LPIS. ,

- activation of the CCFL option on the junction 115 and 208.

The steady state calculation results are shown in Tab. 4.1.

From the table results evident the general good agreement between the calculated and

experimental values. '

Analysis of post-test calculations results-33



CALC. EXP.
Primary System
Upper Plenum Pressure (MPa) 15.9 15.87
Core Power MWw) 5.31 531
Intact Loop
- Mass flow (kg/s) 21.0 21.0
- Vessel Inlet Temperature X 567.2 569
- Vessel Outlet Temperature x) 598.5 601
Broken Loop
- Mass flow (kg/s) 7.2 7.2
- Vessel Inlet Temperature X) 567.3 570
- Vessel Outlet Temperature X) 599.4 603
Pressurizer
- Water Level (m) 438 4.8
- Temperature X) 617 621
MCP Seal Water Injection
- Intact loop (kg/s) 0.01237 0.01
- Broken loop (kg/s) 0.00724 0.005
- Temperature X) 298 c. 303
Secondary System
SG Intact Loop
- Steam dome pressure (MPa) 6.49 6.46
- Mass Flow (kg/s) 2.07 2.1
- Inlet Temperature X 486 486
- Outlet Temperature X) 553.7 553
- Downcomer Water Level (m) 6.6 8.0
- Recirculation ratio 6.2 c.64
- Heat exchange power Mw) 3.91 3.96
SG Broken Loop i
- Steam dome pressure (MPa) 6.49 6.45
- Mass Flow (kg/s) 0.7 0.75
- Inlet Temperature X 482 482
- Outlet Temperature (X) 553.7 553
- Downcomer Water Level (m) 7.64 8.34
- Recirculation ratio 43 c.4.3
- Heat exchange power MW) 1.317 1.32

Tab. 4.1 - Comparison between experimental and calculated initial conditions
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4.2 REFERENCE CALCULATION RESULTS

It is necessary to specify that in the post-test calculations the pressure of the
secondary side was forced by a TDV to the experimental values. Besides, during the
test, the secondary pressure was been conditioned (through an operational procedure)
in order to reproduce the recorded pressure in the test BL-12.

The comparison between the experimental and calculated chronology of the
principal events is shown in Tab. 4.2.

From the analysis of the Tab. 4.2, it can be observed:

- all the events have been reproduced in the simulation;

- in the simulation the significant events are slightly delayed in the first part of the test
(up to the accumulator emptying), while in the next phase they are anticipated;

- the timing of the events has been well reproduced; in fact the maximum difference
(around 300 s) it has registered at the time of the accumulator emptying, while for the
other events it is lower than fifty seconds.

Concerning the core power (Fig. 4.1) it was forced to the experimental values.

Besides, it has to be considered that the delay of the PORVSs intervention is not due to a

bed PORVs action but it is due to the delay of the second dryout.

Aiming to make more meaningful the description of the results of the post-test

calculations, the transient has been divided into three phases as it has been done in the

paragraph 2.3.

CHRONOLOGY OF THE EVENTS :
EVENTS EXP (s) CALC (s)

Break valve open 0. 0.

SG isolation start 0. 0.

Break valve fully open 2 2

SCRAM 35.8 34.7
Emergency feedwater 107.8 106.7
1° dryout 2414 2506
Pump coast down (start) 2790 2820
ACC initiation 2840 2870
ACC empty : 3850 ' 4050
2° dryout 5400 5045
1° PRZ PORYV opening 6035 5469
2° PRZ PORYV opening 6262 5661
LPIS initiation 6382 5843
PRZ PORVs off 6466 5903
end of Test : 69500 6900
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"Tab. 4.2 - Chronology of the events

4.2.1 Phase 1: From the opening of the break to the pumps arrest (0-2820 s)

The phenomena that have characterized this phase have been:
- loss to the break;
- primary side depressurization;
- pumps degradation;
- dryout;
- CCFL at the inlet of the intact loop steam generator.
All these phenomena have been well reproduced by the code simulation.
The major results of the most meaningful parameters will be shortly described in the
following:

Primary pressure

In Fig. 4.2 the calculated and experimental values of the primary pressure are
compared. A good agreement can be observed between the calculated and experimental
data; after the decoupling between primary and secondary pressures, the calculated data
show an higher primary side depressurization; this means that the combined effect of
the enthalpy lost through the break and the heat losses is overestimated in the
calculation. The depressurization rate remains constant for the remaining time.

Break flowrate

The break flowrate, Fig. 4.3, is well simulated except for the two-phase period where it
is underestimated; the comparison of the integral break flowrate (Fig. 4.4), shows much
~ better agreement.

Pumps degradation

Relating to the pumps performances, from Figs. 4.5 and 4.6, with a given 2phase
multiplier, it can be observed that both begins to lose their efficiency when the void
fraction is around 0.1 and their degradation is complete when the void fraction is equal
to 0.5. However, the pump of the broken loop degrades about 200 s before than in the
intact loop. In comparison to the experimental data the complete degradation of the
pumps is delayed of about 400 s (Fig. 4.7).

CCFL

The accumulation of mass at the inlet of the steam generator of the intact loop (Fig.
4.8) is well predicted by the code. '

Fig. 4.9 shows that it doesn't happen in the broken loop. In that way the code has
reproduced the asymmetrical behavior of the primary circuits as recorded in the test.

Vessel levels

In Fig. 4.10 it is evident the effect of the pumps degradation on the collapsed liquid
level in the downcomer.

In particular, the increase of the collapsed liquid level corresponding to the pumps
degradation is qualitatively well reproduced by the code.
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The collapsed liquid level in the riser (Fig. 4.11) is well reproduced only after about
1500 s. Particularly in the first part of the transient (up to about 800 s) the simulation is
rather approximate.

Mass inventory

The primary side mass inventory (Fig. 4.12) is well predicted by the code except for
the first time period of the transient. Anyway in that time period the measured mass
inventory is not significant because experimental data are distorted by the high fluid
velocity. '

Rod surface temperature

The rod surface temperature is shown in Figs. 4.13,4.14,4.15.

It is proper to observe that the code Relaps5 it is not able to reproduce the asymmetrical
behavior of the rods at the same level because it is a mono-dimensional code; besides
the nodalization is such that every thermal structure includes portions of rods in which
are inserted thermocouple at different height.

So, inevitably, there will be a difference between experimental and calculated data.
Observing the calculated data it’s evident that:

- the dryout is deferred of about 100 s;

- the beginning of the dryout happens (like in the test) before the pumps stop;

- the core uncovering is of top-down type.

In conclusion therefore the good achievement between experimental and calculated
data can be observed.

Fluid temperature
The inlet and outlet vessel fluid temperatures are well predicted by the code (Figs. 4.16
and 4.17).

4.2.2 Phase 2: From the pumps stop to the end of the accumulator injection
(2820-4050 s)

The phenomena that have characterized this phase have been:
- redistribution of the primary system mass inventory;
- partial and temporary rods rewetting;
- accumulator injection;
- rods thermal excursion;
- the primary side depressurization;
- break mass loss.
All these phenomena have been well reproduced by the code and particularly the
asymmetrical behavior of the two primary circuits has been simulated.
The characteristic of mono-dimensionality of the code has not allowed to represent the
diversified behavior of the rods, but the code is able to reproduce the effect of the mass
drained from the intact loap hot leg on the rods thermal excursion.
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As far as it concerns the specific simulation of most meaningful variables, it can be
observed as following:

Primary pressure

Fig 4.18 shows the good achievement between the experimental and calculated data
with the only exception in the interval 3150-3400 s. In such interval in fact the
experimental values show a constant decreasing, while in the calculated data the
pressure remains quite constant. This could be due to the overestimation of the
calculated condensation associated to the accumulator injection; that determines
accumulator flowrate higher than the experimental value (Figs. 4.19 and 4.20). The
temporary great depressurization is then compensated by a lower flowrate to which is
associated a slower depressurization.

Rod surface temperature

The heater rod temperature is qualitatively well simulated (Figs. 4.13, 4.14, 4.15)
during this phase. Particularly it can be observed that as in the test, the phenomenon of
dryout doesn't interest the bottom levels (Fig. 4.15).

As in the test, core rewetting is bottom up type.

The difference between the experimental and calculated values of the peak clad
temperature is ranging in the interval 40-80 K while the core rewetting is ranging in the
interval 130-200 s.

CCFL

The code has also correctly simulated the end of CCFL conditions and the consequent
back flow to the core of liquid mass (Figs. 4.8 and 4.21). As a consequence of that a
reduction of the core heat-up rate it is observed (Fig. 4.22).

Accumulator injection

The accumulator flowrate is qualitatively well simulated (Fig. 4.19) even if the time for
emptying is about 200 s higher.

However the core rewetting occurs at about t=3200 s.

A disagreement between the - experimental and calculated data is that the injected
accumulator mass is directed to the loop seal (Fig. 4.23).

Vessel levels

The figures 4.10 and 4.11 show the calculated and experimental data of the downcomer
and riser level respectively.

In particular the Fig. 4.10 shows the good performance of the code also from the
quantitative point of view since it reproduces the level increase consequent to the
pumps arrest.

The riser level is qualitatively good and particularly it is well simulated the liquid level
decreasing following the pumps stop.

The sensitive difference of the level in the riser can be partly explained with the fact
that, contrarily than happened in the test, the injected accumulator mass flows in the
vessel, but also in the loop seal. This is showed by the Figs. 4.24 and 4.23.

Mass inventory
The Fig. 4.12 shows the good agreement between the expenmental and calculated data.
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Break flowrate
In this phase, the break flowrate is well simulated by the code (Figs. 4.2 and 4.3).
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4.2.3 Pbase 3: From the end of the accumulator injection to the final core
rewetting (4050-6900 s)

The phenomena that have characterized this phase have been:
- repressurization of the primary circuit;
- break mass loss;
- core dryout;
- PORVs opening and LPIS injection,;
- core rewetting.
Also this phase has been well reproduced by the code even if the dryout is earlier by
about 350 s. This is essentially due to the fact that, in the simulation, the accumulator
mass injected into the vessel is lower in comparison to that injected in the experiment.
As a consequence of the earlier occurrence of the second core dryout both the PORVs
and LPIS are activated earlier. However, from the table 4.2, it’s evident that the time
periods of intervention result to be almost the same.
As far as it concerns the specific simulation of most meaningful variables, it can be
observed as following:

Primary pressure

The repressurization (Fig. 4.1) following the end of the accumulator injection is well
represented by the code.

The depressurization following the PORVs intervention is also well reproduced.

Break mass flowrate
The break mass flowrate increase consequent to the activation of the system LPIS is
reproduced by the code (Fig. 4.2).

Rods temperature

Even if the second core dryout is earlier in the calculated data, it has been reproduced
with the same modality of the test (Figs. 4.13, 4.14, 4.15). The difference between
calculated and test peak clad temperature is ranging in the interval 5-80 K.

Mass inventory
The primary side mass inventory (Fig. 4.12) is very well simulated except for the phase
of filling.

Vessel levels

The riser collapsed liquid level has a trend similar to experimental one even if in
absolute value it results lower of about one meter (Fig. 4.11). In the downcomer the
calculated collapsed liquid level has a most rapid diminution in comparison to the
experimental one even if the initial absolute values are equal (Fig. 4.10).

In conclusion it can be stated that the simulation of these variables is quite good.
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4.3  SENSITIVITY CALCULATIONS

The reference calculation was aimed to best reproduce the initial and boundary
conditions. ‘
The sensitivity calculations have been realized in order:

- to improve the simulation of specific aspects;

- to evaluate the effect of specific parameters changing.
Based on the reference calculation some sensitivity calculations (Tab. 4.3) were
realized in order to improve the break flowrate, to verify the on set of the CCFL
phenomena, to improve the time of intervention of the second core dryout.

CODE CHARACTERISTIC/VARIED MAIN RESULTS
RUN PARAMETERS
RO1 -two phase discharge coefficient equal to | - two phase break flowrate higher
1.10 - less primary mass inventory
-accumulator pressure equal to 3.83 MPa | - earlier occurrence of the dryout
- earlier occurrence of the following
events
RO2 - in junctions 115 and 208, gas intercept |- CCFL only in IL
coefficient equal to 0.48 - more water flows back to the core
-reduction in the core heat-up rate
RO3 - in junction 145, reverse flow energy |- loop seal filling delayed
loss coefficient equal to 10° - more water in the vessel
- accumulator flowrate more similar
to experimental one
- increase of outlet vessel mass
flowrate
- earlier occurrence of the 2° dryout
R04 -intact loop steam generator nodalization |- increase of secondary circuit
change thermal dispersions
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431 RO1-case

From the analysis of the reference calculation, it is observed that the calculated
break mass flowrate during the two-phase regime is lower than the experimental one.
So a sensitivity calculation was realized with two phase discharge coefficient equal to
1.1 instead of 0.95. The consequence of this modification is a great flowrate (Fig. 4.25)
and therefore the mass losses through the break is increased (Fig. 4.26). As a
consequence the primary side depressurization is increased and the pumps arrest is
occurred about 200 s earlier (Fig. 4.27). That is due to the anticipation of the rod
thermal excursion (Fig. 4.30) determined by the lower mass inventory in the primary
circuit (Fig. 4.28) and in the vessel (Fig. 4.29). The earlier occurrence of the first
dryout makes all the following events suffering of the same advancing (Figs. 4.30 and
4.31).

4.3.2 R02-case

To verify the physical borders for the activation of the CCFL model in the two

junctions 115 and 208, the parameter ¢ (gas intercept) was increased from 0.4 to 0.48.
From the results, it is observed that the CCFL is only verified in the junction 115 of the
intact loop (Fig. 4.32) (in fact in the junction 208 of the broken loop, water is present in
both the volumes connected by the junction (Fig. 4.33)).
The water that flows back to the core is increased in comparison to the base case (Fig
4.34). This has determined a reduction in the core heat-up rate (Fig 4.35). Besides it is
observed that, a little bit earlier of pumps stop, the primary pressure is higher than the
base case (Fig. 4.36) of about 0.5 Pa.

433 ) R03-case

In the reference case it is observed that part of the accumulator injected water

does not go into the core but in the loop seal of the intact loop. Then it was realized a

sensitivity case in which the reverse flow energy loss coefficient of the volume in

which injects the accumulator, was set equal to 10°. The consequences of this are:

1) the filling of the loop seal is delayed (Figs. 4.37, 4.38, 4.39);

2) more water goes into the vessel (in fact the collapsed levels are higher (Figs. 4.40
and 4.41));

3) the accumulator injection is shorter and the mass flowrate is more close to the
experimental one (Fig. 4.42); as a consequence the core rewetting is about 100 s
earlier (Fig. 4.43) respect to the reference calculation and practically at the same
instant in which it is observed in the test;
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4) the outlet vessel mass flowrate is increased (Figs. 4.44 and 4.45); that determines an
earlier occurrence of the second core dryout.

434 R04-case

This sensitivity was realized to verify the influence of the degree of the mesh
size of the steam generator. The selected steam generator was intact loop one because it
is representative of three steam generators; the size number of its volumes was halved
both in the primary side and in the secondary side. However substantial changes are not
recorded in the general course. The only sensitive change concemns the thermal
dispersions of the secondary circuit that is increased (Fig. 4.46). It is not noticed,
instead, variation of the heat exchanged power (Fig. 4.47).
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4.4 QUANTITATIVE ACCURACY EVALUATION

A particular methodology, developed at University of Pisa, it was applied to the
different realized calculations in order to evaluate their quantitative accuracy. The
methodology is based upon the use of the Fast Fourier Transforms; its main features
are detailed in App. 6.

As mentioned in the appendix the application of FFT is characterized by performing
several steps and/or verifying certain conditions. In our case we have implemented a
simplified application of FFT since many of the steps or conditions can be considered a
priori satisfied. That is because both the LOBI facility and the nodalization can be
considered qualified.

The results of the application of the methodology are given in Tab. 4.4 and 4.5. From
the Tab. 4.4 it can be observed that for the reference calculation is satisfied the
criterion of acceptability, AA,, <0.4, therefore the calculation is good.

Following some comments are given on the results obtained.

a) Reference calculation

The high values for AA,, (difference of pressure in the ascending side of the loop seal
of the BL) AA,, (difference of pressure in the ascending side of the loop seal of the IL)
AA,, (difference of pressure in the descending side of the loop seal of the BL) are due
to the uncorrected simulation of the loop seal inventory.

The high value of AA,, (integrated mass injected in the primary system from the
emergency systems) is due to the earlier of the second core dryout that implicates the
earlier intervention of the LPIS. This is testified by the fact that in the temporal
window 0-4900 s the parameter AA,, is 0.06.

b) Sensitivity calculation, RO1

Compared to the base-case, in R01-case the value of AA, (pressure in the primary side)
is already higher in the temporal window 0-4900. This is due to the increase of the
depressurization following to the increase of the break flowrate. The further worsening
suffered in the next window is due to the earlier occurrence of the second core dryout.

The doubling of the value of AA, (pressure in the accumulator) is due to the earlier
injection of the accumulator consequently to the earlier pumps arrest (of about 180 s).

The value of AA, (fluid temperature at the core inlet) is increased in the temporal
window 0-4900 s. 70 s -after the beginning of the test, the primary system reaches the
saturation conditions so the fluid temperature (Fig. 4.48) has the same course of the
primary pressure, therefore the fluid temperature at the core inlet has the same error of
the primary pressure (there is same proportionality in the variations of AA, and AA,).
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While the further worsening in the following window is due to the earlier occurrence of
the second core dryout.
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BASE [BASE KO1 ROT RO2 RO2 RUS KO3 R0O4 RO4
WF AA WF AA WF |AA7 T T|WF AA WF |AA
1|Primary pressure TT0.02T) 0.0697]  0.023] 0.097Z] 0.023| 0.0754|  0.022| 0.0813] 0.021| 0.0693
2|Secondary pressure 0.046| 0.0128] 0.046] 0.0728] 0.046] 0.0128 0.046| 0.0728| 0.046| 0.0128|
3|ACC pressure 0.012] 0.0647 0.01 0.1371 0.013] 0.0526 0.012] 0.0634 0.011] 0.0691
4{core inlet fluid temperature 0.036] 0.1536 0.037] 0.2182 0.036] 0.1565 0.038] 0.2768 0.036] 0.1516
5|core outlet fluid temperature 0.017] 0.3329 0.017] 03747 0.076| 0.3396 0.017] 0.3044 0.018] 0.3642
~ 6|upper head fluid temperature 0.023] 0.2104]  0.017 0194 0.027{ 0.2007| 0.021] 0.1924| 0.024] 0.2153
7{inlegral break flow rate 0.046| 0.1624 0.044] 0.3094] 0.046| 0.1693 0.044| 0.3509 0.046] 0.1621
8[SG DC bottom fiuid temperature 0.034] 0.1403 0.034] 0.1421 0.034|0.1404| * 0.035| 0.1688 0.0357 0.1425
9ibreak flow rate 0.061 1.1814 0.056] 1.3351 0.061 1.1873 0.057] 1.2735 0.061 1.7717
10|ECCS integral flow rate 0.04] 0.8712 0.04] 1.3474 0.04] 09116 0.039] 1.4994 0.04] 0.8711
¥1irod temperature bottom lavel 0.011] 0.0845 0.014 0.099 0.011] 0.0857 0.03[ 0.1309 0.01] 0.0842
12|rod temperature middie level 0.013[ 0.7555 0.014] 0.6804 0.013[ 0.7825 0.013] 0.70257 0.013] 0.7304
13|rod temperature high level 0.012] 08797 0.013] 0.7922| 0.012 0.867 0.012] "0.829| 0.013] 0.8784
14iprimary side total mass 0.035|70.4217{ 0.035] 0.5587| 0.035] 0.4412 0.036 05955/ 0.036{ 0431
15]|core level 770.024] 0.7421 0.022| 0.7728 0.024] 0.7479 0.022| 0.7593| 0.024| 0.7057
16|SG DClevel (IL) 0.0 0.2544 0.029] 0.2548 0.029] 0.2544 0.032| 0.2621 0.03] 0.2588
T7{DP in-out SG (IL) 0.016] 0.2729 0.023] 04162 0.016] 0.2682 0.046] 0.8458 0.017] 0.2039
18|core power 0.064| 0.0635 0.042] 0.1483 0.059] 0.0718 0.044] 0.13%4 0.051] 0.0884
~19|DP Toop seal BL -ascending side 0.019| 0.9168 0.021 09115 0.02| 0.9282 0.02|0.8967 0.027 0.9259
20|DP loop seal IL -ascending side 0.025( 1.1916 0.026] 1.2197| 0.025] 1.195 0.022| 1.0329| 0.028( 1.4242
~21|DPloop seal BL -descending side 0.03] 1.0017] 0.029] 1.1436 0.029] 1.1383 0.028 1.204 0.03[ 1.0978
- [ 22]PRZ level 0.035] 0.1535 0.018] 0.1507 0.035] 0.1535 0.033] 0.1531 0.035| 0.1524
23[DP SG inlet plenum Utebes fop BL 0.027] 0.4461 0.029] 0.4354 0.027] 0.4523 0.027] 0.4488 0.028] 0.4451
24|DP SGinlet plenum Utebes top IL 0.022]  0.2521 0.0257  0.2697 0.022] 0.2472 0.048[ 0.6309 0.045] 0.3106
25|DP across DC-UH bypass 0.019f 0.4308 0.02| 04318 0.021] 04701 = 0.02| 0.4566 0.02] 0439
TOT 0.02621| 0.3487| 0.02524| 0.3888| 0.0259| 0.3537| 0.02776| 0.4074| 0.02657| 0.3546|

Tab. 4.4 - Summary of results obtained by application of FFT method on all transient
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FINESTRA U-48U0 BASE |BASE RU1 RUT RUZ RUZ RU3 KU3 RU4 RU4
WF AA WF AA WFE AA WF AA WF AA

T[Primary pressure 0.053] 0.0469 0.038] 0.0683 0.053 0.0485 0.053] 0.0493 0.052( 0.0485
2|Secondary pressure 0.056] 0.0154 0.006] 0.0152 0.056| 0.0152| 0.056| 0.0152 0.056] 0.0152
3[ACC pressure 0.014 0.057 0.011] 0.7298 0.014{  0.0550 0.014] 0.0561 0.013[ 0.0612]
4]core infet fluid temperature 0.036] 0.0553] 0.025[ 0.077] 0.037| 0.0585| 0.041] 0.064T| 0.038| 0.0505
core outlet fiuid temperature 0.02] 0.2083 0.018] 0.248/ 0.02] 0.213%5 0.025] 0.1639 0.023| 0.2054
G|upper head fluid temperature 0.041] 0.2041 0.041] 0.2081 0.041] 0.2083] 0.041] 0.2131 0.041 0.2085
7integral break flow rate 0.03] 0.041 0.073] 0.0248] 0.028] 0.0394| 0.029] 0.0392 0.03] 0.0409
8]5G DC bottom fluid temperature 0.039] 0.1575 0.039] 0.1645 0.039 0.157] 0.039] 0.1576 0.041] 0.1643
9[break flow rate 0.074 0.812 0.074] 0.808 0.074] 0.8119 0.074] 0.87128 0.074] 0.8161
TO[ECTS integral flow rafe 0.018] 0.0613 0.018] 0.1012 0.021] 0.0558 0.027| 0.0622 0.017] 0.0631]
T1|rod temperature bottom level 0.0 0.0545 0.025]0.0702 0.03] 0.0572 0.031] 0.0602 0.031] 0.0568
12jrod temperature middie fevel 0.07 0.5798 0.012] 0.52/1 0.07 0.6498 0.012] 0.5299 0.011 0.283
13[rod temperature high level 0.07| 0.6665 0.015| 0.446 0.01] 0.6587 0.012] 0.5654 0.077] 0.6389|
T14|primary side total mass 0.03 0.245 0.034| 0.2636 0.031] 0.2469 0.033 0.258 0.029] 0.2269
15]|core level 0.039] 0.4061 0.045] 0.48 0.039] 0.4133 0.040] 0.4527 0.04] 0.3934
16{5G DC level (IL) 0.049] 0.3091 0.049| 0.3096 0.049] ~ 0.3089 0.049 0.309 0.05] 0.3152
T71DP in-out SG (IL) 0.024] 0.2525 0.028] 0.358 0.024] 0.2448 0.023] 0.2553 0.025] 0.2377
1Bjcore power 0.097| 0.0544] 0.062| 0.0946 0.093] 0.0526 0.097] 0.0500 0.096] 0.0499]
T9|DP loop seal BL -ascending side 0.023] 0.7635 0.025] 0.7621 0.024] 0.7459 0.023] 0.7798 0.024f 0.7953
20[DP Toop seal IL -ascending side 0.035 0.9402 0.035] 0.95898 0.036] 0.932Z| 0.037| 0.889%6 0.036] 1.1852
Z21|DPloop seal BL -descending side 0.038] 0.7283 0.039] 0.6753 0.038] 0.7242 0.037] 0.7176 0.038] 0.7764
221PRZ level 0.041) 0.7477 0.047| 0.1465 0.041] 0.14/1 0.04] 0.1471 0.041] 0.1462
23|DP SG inlet plenum Utebes top BL 0.031] 0.4359 0.032] 0476 0.031] 0.4386 0.031 0.438 0.031f 0.4318
24|DP SG inlet plenum Utebestop IL | 0.025| 0.248 0.029] 0.25/9 0.026] 0.2428 0.026 0.245 0.056( 0.3108
25|DP across DC-UH bypass 0.036] 0.4629 0.036| 0.4607| 0.035] 04617 0.035] 0457 0.035] 0.4791
10T 0.032] 0.2419 0.029| 0.2404| 0.0327| ~ 0.244|0.03409| 0.2291| 0.03365| 0.24336

Tab. 4.5 - Summary of results obtained by application of FFT method (0-4900 s)
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The same reason can explain for the value of AA,, (rod temperature at the bottom
level).

The earlier intervention of the emergency system LPIS, is also reflected on the value of
AA, (integral break flowrate) since following this intervention the integral break
flowrate increases notably. However it can be observed that in the temporal window 0-
4900 the value of AA, is lower than the base case therefore the purpose of this
sensitivity calculation, improving the break flowrate during the two-phase flow, has
been reached even if this has a negative consequences in the rest of the test.

The same evaluation are valid for the value of AA, (break flowrate).

The parameter that is affected by the earlier intervention of the LPIS is AA,, (integrated
mass injected in the primary system from the emergency systems).

The values of AA,, (rod temperature at middle level) and AA,; ( rod temperature at
high level) are decreased since the earlier pumps stop determines the earlier
accumulator injection and then the core rewetting coincides with the experimental time
(Figs. in Appendixes). '

The high value of AA,, (mass in the primary circuit) is due to the earlier intervention of
the LPIS; in fact in the temporal window 0-4900 the value of AA,, is not different from
the value of the reference calculation.

¢) Sensitivity calculation, R03

The high value of AA, (pressure in the primary side) is due to the earlier occurrence of
the second core dryout that in turn determines the earlier operation of depressurization.
In fact in the temporal window 0-4900 the value of AA, is not different from that of the
reference calculation.

Higher values for AA, (integral break flowrate), AA, (break flowrate) and AA,,
(integrated mass injected in the primary system from the emergency systems) are due
to earlier intervention of the LPIS. In fact owing to the intervention of the system LPIS
the break flowrate suffers a noticeable increase and, therefore, also the integral break
flowrate is affected. This assumption is confirmed by the fact that they remain
unchanged in the temporal window 0-4900.

The high value of AA,; (pressure difference between the inlet and the outlet of the
intact loop steam generator) is due to an accumulation of liquid in the ascending part of
the U-tubes (Fig. 4.49); that is also shown by the high value of AA,, (pressure
difference at the inlet plenum of the U-tubes in the intact loop steam generator).

The purpose of this sensitivity case was to avoid the accumulation of liquid in the loop
seal during the injection of the accumulator. Partly this purpose has been reached; in
fact AA,, (pressure difference in the ascending side of the loop seal of the intact loop)
is lower than the base case in the temporal window 0-4900 s.

d) Sensitivity calculation, R04

The spike registred at about 200 s determines the high value of AA,, (pressure
difference in the ascending side of the loop seal of the intact loop).
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e) General observations

Case R03 has the lowest value of AA,, (pressure difference in the ascending side of the
loop seal of the intact loop); in fact in R03 being higher the void fraction in the loop
seal the pressure difference is lower, and then it is more close to the experimental
values.

For the values of AA, (integral break flowrate) case R03 has the highest value, and
following it R01, R02, R04. This order is due to the earlier intervention of the system
LPIS, in fact the case with earliest intervention has the highest value of AA, (Fig.
4.51). The same order should be observed for AA, (break flow rate), but it is observed
that the case R01 has the highest, and following R03, R02, R04. The exchange of
position between R03 and RO1 is probably due to spikes (Fig. 4.52) during the
accumulator injection. These loss have canceled the improvement obtained during the
two-phase flow period.

The influence of the fluctuations on the values of AA is noticeable so it can be
observed that in the quantitative analysis the presence of spurious peak results more
important than in the qualitative analysis.
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5. CONCLUSIONS

Conclusion can be considered from two separate points of view:

1 - experimental evidences

2 - performances of the code

With reference to the point 1 it can be observed that:

- the recession of the CCFL conditions determines a reduction in the core heat-up rate;

- in the given scenario, the accumulator is able to terminate the core temperature
excursion bringing core in saturation conditions;

- after the emptying of the accumulator, the primary system repressurizes preventing
the LPIS actuation and causing a second core dryout;

- the actuation of the LPIS determines the long term quenching of the heater rods.

Regarding to the performances of the code it can be observed that in general all the

main phenomena are well reproduced and the timing of the events is good too.

In particular have been simulated:

- primary and secondary side thermal coupling;

- the first core dryout together with the CCFL effect on temperature excursion;

- the asymmetrical loops behavior for the CCFL and pumps degradation;

- the accumulator injection.

The greatest discrepancies have been identified in the break flowrate and in the

simulation of the loop seal.

The quantitative analysis has confirmed the goodness of the results showing a best

accuracy in the temporal window 0-4900. '

The sensitivity calculations present an improvement of the simulation limited to

specific and partial aspects. The calculation more accurate is the base case and that is

confirmed by the related FFT results.

The FFT method has been applied in order to get quantitative and qualitative

evaluations of the code performance.

Based on the FFT results it can be stated that:

- the analytical evaluation of the code performance done comparing the experimental
data with the calculated date has been confirmed by the FFT results;

- the FFT is very effective as a tool for a fast screening of the code performances.
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LIST OF ABBREVIATIONS

AUXFEED Auxiliary feedwater

AA
ACC
BL
CCFL
CSNI
DC
DP
ECCS
FFT
IL
LPIS
MCP
MSIV
PORV
PRZ
PWR
RCS
SG
TDJ
TDV
UMAE
WF

Average amplitude

Accumulator

Broken Loop

Counter Current Flow Limitation
Committee on the Safety of Nuclear Installations
Downcomer

Pressure Drop

Emergency Core Cooling Systems
Fast Fourier Transform

Intact Loop

Low Pressure Injection System
Main Coolant Pump

Main Steam Isolation Valve
Pressurizer Operated Relief Valve
Pressurizer

Pressurized Water Reactor
Reactor Coolant System

Steam Generator

Time Dependent Junction

Time Dependent Volume

Uncertainty Methodology based on Accuracy Extrapolation

Weighted Frequency
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APPENDIX 1:

Results of the reference calculation






20.0

{ | ] I 1 1 ] 1 ] I 1 1
180 |- 4
XXX BASE P350010000
160 - x2o YYY BASE P560010000 .
, ZZzZ ELO6 PA38
140 | X VW ELO6 PA97S -
T 120 | -
£
g 100 | 4
£
£ eo |
60 |
40 |
20 |
)
-1000. 0 1000.  2000.  3000.  4000.  5000.  6000.

Time (s)

Fig. 1 : Primary and secondary pressure

800

7000.

700 |-

XXX BASE CNTRLVAR159

600 |- YYY ELOS QLOSEWT

500 |

400 |-

300 L

Mass (kg)

200 |-

100 |-

<100 1 ! I S B | [ ]

-1000. 0 1000. 2000. 3000. 4000.
Time (s)

Fig. 2 : Break integral flow rate

§000.

7000.

Al-]



Mass flow rate (kg/s)

Fig. 3 :

Mass (kg)

Fig. 4:

WinGraf 2.4 - 05-08-1988

! 1

1.00

XXX BASE MFLOWJS50000000
YYy V19=SMOOTH(DIFF(V18),5)

.80 |- -

40 L

.20 |-

" -1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Break mass flow rate

700

600 |- 4

XXX V3=INT(VI)+INT(V2)

500 YYY V6=INT(V5)+(139.9-V4)

400 |-
300 |
200 |

ACC
100 |-

XY W Y X YXY X

-100 1 t | | 1 1 1 1 1 1 1 | 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000.
Time (s)

7000.

Integrated mass injected in the primary system from the emergency
systems

Al-2



360

¥ 1 I 1 I 1 1 ¥ 1 1 LI 1 1
a0 | i
a0 L x33 XXX BASE HTTEMP335200105
YYY ELOG THMEANO3
; 227 EL06 THMEANO4
300 |
& 20|
g
=
£ 20|
£
20 |
&
220 |
200 |
180 |-
460 1 1 [ 1 | 1 1 (] 1 ] 1 | i | ]
-1000. 0 1000, 2000,  .3000. 4000,  5000.  €000.  7000.

Time (s)

Fig.5: Rbd surface temperature (bottom level)

650

] ] ¥ 1 1 ] I i Ll 1 i 1 1 ]
600 |- -
550 XXX BASE HTTEMP335300205
y YYY ELOS THMEANO7 -
ZzZ ELOS THMEANOS
500 |- -
€  as0 | i
£
] 400 -~
2
E 30 | 2 4
300 | -
250 | _
1 1 u
200 |- Q)LC"
150 1 ] | ] 1 1 ] [ 1 | _1 [} (] 1
-1000. 0 1000. 2000. 3000. 4000. £000. 6000. 7000.
Time {s)

Fig. 6 : Rod surface temperature (middle level)

Al-3



550 |

500 L.

450 |-

400 |-

350 |-

Temperature (C)

300 |-

250 |

200 |-

150 ! 1 1 L ] 1

XXX BASE HTTEMP335600105
YYY EL0O6 THMEAN11
Z2ZZ EL06 THMEAN12

-1000. 0 1000. 2000.

3000.
Time (s)

Fig. 7 : Rod surface temperature (high level)

550

4000. 6000.

7000.

500 [~
450 [_
400 L
350 |-

300 |

Mass (kg)

250 |-

200 |-

150 |

100 |-

50 1 1 1 [ L1

XXX BASE CNTRLVAR999
YYY ELOS CIPRIM

[l 1 | I | 1 L

-1000. 0 1000. 2000.

Fig. 8 : Primary system mass inventory

3000.
Time (s)

4000. 5000. 6000.

7000.

Al4



08

07 |- -

XXX V13=v12/1000000
YYY ELO6 PDS0S2AA -

03

Diff. pressure (MPa)

02 |

01 L

-1000. 0 1000. 2000. 3000. 4000. §000. 6000. 7000.
Time (s)

Fig. 9 : Pressure difference between the entry and the exit of the intact
loop steam genarator

04 ] | T 1 T T T T T 1 T T T 1
03 L -
XXX V15=V14/1000000
YYY ELO6 PD1714
03 | X, -
s 02 | xd -
: x Ll
g .
g 02 L ‘\ -
& !
'S 01 L -
c
01 L -
0 Y Y Y. Y Y Y X vi\J
-~01 1 1 1 1 1 1 | i 1 1 1 1 | |
-1000. 0 1000. 2000. 3000. 4000. §000. 6000. 7000.

Time (s)

Fig. 10 : Pressure difference in the ascending side of the loop seal of the
intact loop

Al-5






APPENDIX 2:

Results of the sensitivity calculation R01






WinGraf 2.4 - 04-27-1958

20.0 1 i i 1 I 1 [] 1 ] I ) 1 ] ]
180 | d.
XXX RO1 P350010000
160 - X2z YYY RO1 PS560010000 -
, 2ZZ ELO6 PA38
140 | k VW EL06 PASTS ;|
F 120 |
£
& 100 |
=
[d
g
£ 80 |
60 |
a0 L
20 |
1] | | ] 1 1 | | [ { 1 ] 1 | ]
-1000. o 1000.  2000.  3000.  4000.  5000.  6000.  7000.

Time (s)

Fig. 1 : Primary and secondary pressure

800 T T T T T T 1 T T T T T |
800 - -
700 XXX RO1 CNTRLVAR159
-~ YYY ELO6 QLOSEWT
600 |- -
500 L -
]
<
P 400 |- -
£
300 |- : -
200 |- -
7
100 |- -
o Xy
-100 1 1 ! ] 1 1 1 ! 1 ] ] 1 [ |
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 2 : Break integral flow rate



WinGraf 2.4 - 04.27.1998
1.00

[] 1 [] | L] ] T 1 LI 1 1 ] 1]
80 L XXX RO1 MFLOWJS50000000
{ YYY V19=SMOOTH(DIFF(V18) 5)
- ; -
R i
[ ]
3
5 -
2
T
3
3
2 R
2
S 2 |
0
-.20 1 1 1 1 ] ] 1 1 ] ] ) 1 1 1
-1000. 0 1000. 2000 3000.  4000.  5000.  6000. 7000.

Time (s)

Fig. 3 : Break mass flow rate

800

| | § ] ] ] | ] 1 L | L 1 ] )
700 F 4
XXX V37=INT(V33)+INT(V34)
600 |- YYY V40=INT(V39)+(139.9-V36) / -
s00 | -
5 400 | .
=
-]
;& 300 | /A
200 |- _
100 | i
0 XY
100 1 | ) 1 ) 1 1 1 1 ) 1 { ?
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 4 : Integrated mass injected in the primary system from the emergency
systems



WinGrat 2.4 - 04-27-1958
378

350 |-

328 |-

300 |-

275 L

250 |

Temperature (C)

225

200 |-

175 |-

150 L 1 ] 1 1 1 1 ]

XXX RO1 HTTEMP335200105

YYY EL0OS THMEANO3
27z

ELO6 THMEANO4

2000. 3000.
Time (s)

-1000. 0 1000.

Fig. 5 : Rod surface temperature (bdttom level)

700

4000. 5000. 6000.

600 |-

500 |

400 L

Temperature (C)

300 |-

200 |-

100

XXX RO1 HTTEMP335300205
YYY ELO6 THMEANQ7
ZZZ ELO6 THMEANOS

3000.
Time (s)

-1000. 0 1000. 2000.

Fig. 6 : Rod surface temperature (middle level)

4000. §000. 6000.

7000.



650

600

500

400

350

Temperature (C)

300

230

200

150

XXX RO1 HTTEMP335600105
YYY ELO6 THMEAN11
ZZZ ELO6 THMEAN12

1 1 J

-1000. 0 1000. 2000.

3000. 7000.

‘Time (s)

4000. 5000. 6000.

~ Fig. 7 : Rod surface temperature (high level)

550

500

400

350

300

Mass (kg)

200

150

100

50

XXX RO1 CNTRLVAR939
YYY ELOS CIPRIM

1

1 ] 1

-1000. 0 1000. 2000.

Fig. 8 : Primary system mass inventory

7000.

3000.
Time (s)

4000. 5000. 6000.



Diff. pressure (MPa)

Fig.9:

Diff, pressure (MPa)

40

T T T T T T T T T T T T 1
.08 | -
XXX V13=Vv12/1000000
06 YYY EL06 PD9092AA
04 L -
02 L -
0 T X XY XXX o g
-02 L. -
-04 . -
-06 1 1 1 i | 1 1 | I N | 1 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000.
Time (s)

7000.

Pressure difference between the entry and the exit of the intact

loop steam genarator

XXX

03 L

02 L

02 |

01 L

01 -

Y.Y

V15=V14/1000000

YYY ELO6 PD1714

Y. Y Y Y X Y Y ¥Yh_)

-01 1 1 1 1 11 1 1 1 )

-1000. 0 1000. 2000. 3000. 4000.
Time (s)

§000. 6000.

7000.

Fig. 10 : Pressure difference in the ascending side of the loop seal of the

intact loop






APPENDIX 3:

Results of the sensitivity calculation R02






20.0

18.0

16.0

14.0

120

10.0

Pressure (MPa)

4.0

20

R02 P350010000
R02 P560010000
ELO6 PA38
ELO6 PA97S

0
-1000.

1000.

2000.

3000.
Time (s)

Fig. 1 : Primary and secondary pressure

800

700

600

500

400

Mass (kg)

300

200

400

-100

-1000.

Fig. 2 : Break integral flow rate

4000.

§000.

6000.

XXX R02 CNTRLVAR159
YYY ELO6 QLOSEWT

1

1000.

2000.

3000.
Time (s)

4000.

5000.

6000.

7000.



Mass flow rate (kg/s)

Fig. 3

Mass (kg)

Fig. 4

1.00

80 |- XXX R02 MFLOWJ950000000
YYY V19=SMOOTH(DIFF(V18),5)

50 |- —

40

.20 |

-.20 1 1 1 i ] 1 | 1 1 1 1 1 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.
Time (s)

: Break mass flow rate

700

600 |- -

XXX V48=INT(V42)+INT(V43)
V51=INT(V39)+(139.8-V36)

500 |-

400 L

300 |

200 |-

100 |-

0 XY XY Y XY XY X

-100 1 1 1 L\ 1 1 1 1 1 ) 1 L1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000, 7000.
Time (s)

: Integrated mass injected in the primary system from the emergency

systems



360

340 | -

X3 XXX R02 HTTEMP335200105
320 - YYY ELO6 THMEANO3
00 | 22z ELOG THMEANOS

280 |-
260 L.

240 |

Temperature (C)

220 |

200 |

180 |-

160 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 5 : Rod surface temperature (bottom level)

650

600 |- -
5§50 |- XXX RQ2 HTTEMP335300205
YYY EL0O6 THMEANO7

2ZZ ELO6 THMEANOS
500 |

450 L.

400 |

Temperature (C)

300 -

150 1 1 1 11 ] 1 1 1 1 ) ] 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 6 : Rod surface temperature (middle level)



600

XXX RO2 HTTEMP335600105
YYY ELO6 THMEAN11 -
ZZZ ELO6 THMEAN12

500 |-

400 |

350 |-

Tomperature (C)

300 |-

250 L

200 |-

150 | | 1 | | | ) 1 1 1 1 I 1 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.
Time (s)

Fig. 7 : Rod surface temperature (high level)

1) 1 1) 1 i 1 1 | D] 1] | LR I 1
500 |- i
o L XXX R02 CNTRLVARS99
XX YYY ELO8 CIPRIM
400 | ]
as0 |
S
=
2 300 L
2 250 |
200 |
150 |-
100 |
50 1 [| ] i N 1 1 ] 1 [ { 1 )
-1000. 0 1000, 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 8 : Primary system mass inventory

A3-4



.08

07 |-

06 L

05 -

03 L

02 |

Ditf. pressure (MPa)

01 -

AKX V13=v12/1000000
YYY ELO6 PDS0S2AA

WWXW\“!&WY\IY\’Y 4

~
!

y

-01 1

-1000.

1000. 2000. 3000. 4000. §000. 6000.
Time (s)

7000.

Fig. 9 : Pressure difference between the entry and the exit of the intact
loop steam genarator

04 T T T T 1 T T T T T T T T
03 | -
XX V15=V14/1000000
YYY ELO6 PD1714
03 -
R 3 .
£
§ 02 L |
£ 01 L -
a
01 -
0 YA
~01 1 1 1 1 1 1 1 1 1 1 | 1 1
-1000. [ 1000. 2000. 3000. 4000. $000. 6000.
Time (s)

7000.

Fig. 10 : Pressure difference in the ascending side of the loop seal of the

intact loop






APPENDIX 4:

Results of the sensitivity calculation R03






WinGral 2.4 - 04-27-1958

.0 T T T T T T T 1 T 1 T 1 T T
18.0 | -
XXX RO3 P350010000
160 - xzg YYY RO3 P560010000 .
i 2ZZ EL0G PA38
140 L ( VW ELO6 PAS7S -
F 120 | -
£
e 100 | -
=
@
g
E 8o L
60 |
40 |
20 |
0 ] [ 1 1 1 1 1 | 1 1 1 1 | 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 1 : Primary and secondary pressure

900

800 |- -

700 |- XXX R03 CNTRLVAR159
YYY ELO6 QLOSEWT

600 |-
500 |-

400 |

Mass (kg)

300 |
200 |- -

100 - -

<100 1 1 1 1 1 1 1 11 1 1 1 ) )
-1000. 0 4000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 2 : Break integral flow rate

A4d-1



1.00 ] I 1 ) 1 1 ] ] I 1 ] 1 ] i
80 XXX R03 MFLOWJ950000000 -
' YYY V19=SMOOTH(DIFF(V18).5)
N i e
s L i
]
5
5 - -
2 _
s a0 | 4
3
3
- R
S 20 |
0 XY
.20 ] SR T R T | SO W DO | [ PO B
-1000. ) 1000.  2000.  3000.  4000.  5000.  6000.  7000.

Time (s)

Fig. 3 : Break mass flow rate

900

800 |- -

700 |- XXX V49=INT(V44)+INT(V45)
YYY V51=INT(V39)+(139.9-V36)

600 |-
500 |-

400 |-

Mass (kg)

300 |-
ACC

200 |-

100 |

0 XY XY Y X XY X

-100 1 1 1 1 [ B i ] ] 1 1 1 ]
<1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time {s)

Fig. 4 : Integrated mass injected in the primary system from the emergency
systems

A4-2



375

350 -

XXX RO3 HTTEMP335200105
325 | xi: YYY ELO6 THMEANO3 o
it ZZZ ELO6 THMEANO4

300 |~

275 |-

250 L

Temperature (C)

225 |

200 |-

175

150 1 1 1 1 1 L 1 ] 1 ] ) 1 ) 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 5 : Rod surface temperature (bottom level)

600 1 ] 1 ] 1 1 1 1 i 1 1 1 1 I
550 | i
XXX RO3 HTTEMP335300205
500 | YYY ELOS THMEANO? -
ZZZ ELO6 THMEANOS
as0 |- i
()
é «00 | i
%’ 350 | 2 _
e
300 |- ..
250 | /{ A
200 | |
150 1 1 1 ] 1 1 1 1 1 1 1 1 1 1
4000. - © 1000.  2000.  3000.  4000. 5000.  6000.  7000.

Time (s)

Fig. 6 : Rod surface temperature (middle level)

A4-3



WinGraf 2.4 - 04-27-1998

600 1 i ] ) 1 1 1 [} ] 1 1 ] ] 1
550 |- -
XXX RO3 HTTEMP335600105
500 |- YYY ELOS8 THMEAN11 _
ZZZ ELOS THMEAN12
450 |
g
] 400 |
=
s
é. 350 |-
i
300 |-
250 |
200 |-
150 1 1 1 [ 1 1 1 1 L1 | 1 1 i
-1000. 0 1000, 2000, 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 7 : Rod surface temperature (high level)

500 | -

450 XXX RO03 CNTRLVARS99
B XX, YYY ELOS CIPRIM

400 |
350 L

300 |-

Mass (kg)

250

200 L

150

100 L

50 I ! 1 1 1 1 1 1 L. 1 1 1 L1
-1000. 0 1000. 2000. 3600. 4000. 5000. 6000. 7000.

Timae (s)

Fig. 8 : Primary system mass inventory

Ad-4



Diff. pressure (MPn)

WInGraf 2.4 - 04-27-1998

08 -

07 |-

06 |-

05 -

03 L

02 |-

01

XXX V13=V12/1000000
YYY ELO6 PD9092AA

£
L XXV X X e ey v L

-01

-1000.

0

2000. 3000. 4000. §000. 6000. 7000.

Time (s)

Fig. 9 : Pressure difference between the entry and the exit of the intact
loop steam genarator

DHY. pressure (MPa)

03 -

03 L

02 |

02 L

01 |-

01

J—

e
Pt

i,

XXX V15=V14/1000000
YYY ELOE PD1714

lx’.\v\‘Lg)Lvy_vvvvvvyl-\_J

1 1 1 1 1 | 1 1 1 A

1000.

2000. 3000. 4000. 5000. €000. 7000.

Time (s)

Fig. 10 : Pressure difference in the ascending side of the loop seal of the
intact loop

A4-5






APPENDIX 5:

Results of the sensitivity calculation R04






20.0 T T T T T T T T T T T | T T
180 | ' -
XXX R04 P350010000
160 X2 YYY R04 P560010000 .
Z2ZZ ELO6 PA38
140 L < VW ELO6 PA97S -
5 120 | -
£
e 100 |- -
=
[ 24
4
& 80 L
6.0 L
40 L
20 L
0 1 1 1 L 1 1 1 1 1 1 1 1 ) )
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.

Time (s)

Fig. 1 : Primary and secondary pressure

800

700 | -
XXX R04 CNTRLVAR159

600 |- YYY ELOE QLOSEWT

500 L -

400 | : -

Mass (kg)

300 |- -
200 |- ' -

100 |- : -

-100 ] 1 1 L1 1 1 ] 1 1 I | ! 1
-1000. ] 1000. 2000. 3000. 4000. 5§000. 6000. 7000.

Time (s)

Fig. 2 : Break integral flow rate



1.00 T T 1 T T ] T 1 T | L T T
80 L XXX RC4 MFLOWJSS0000000
{ YYY V19=SMOOTH(DIFF(V18) )
_ .0 b i
N
2 i
‘.x' -
=
T
3
3
g B
2 2|
0 XY
.20 1 1 L1 1 R R N TR R |
-1000. 0 1000.  2000.  3000. 4000,  5000.  6000.  7000.

Time (s)

Fig. 3 : Break mass flow rate

WnGraf 2.4 - 04-27-1998
700

600 |-
500 L wy
“o -

300 L.

Mass (kg)

ACC
200 |-

100 L

0 XY XYY Y WY X _YXY X

XXX V50=INT(VAS)+NT(V47)
V51=INT(V39)+(139.9-V36)

-100 ] | I R N NN VNN MR R

-1000. 0 1000. 2000. 3000. 4000.

Time {s)

5000. 6000. 7000.

Fig. 4 : Integrated mass injected in the primary system from the emergency

systems

AS5-2



360

340 L |

xi. XXX RO4 HTTEMP335200105
320 | YYY ELO6 THMEANO3
200 i ZZZ ELO6 THMEANO4

280 |
260 |

240 |-

Temperature (C)

220 |-

200 |

180 |-

160 1 L 1 1 1 1 1 L 1 1 1 1 I 1
-1000. 0 1000. 2000. 3000. 4000. 5000. 6000. 7000.
Time (s)

Fig. 5 : Rod surface temperature (bottom level)

€50

600 | -

550 L XXX R04 HTTEMP335300205
YYY ELO6 THMEANO7
Z2Z ELO6 THMEANOS

s00 |
& 450 |
4
£ a0 |
: K
.§ aso L ]

300 |

250 L \

e

200 | . A
150 1 1 1 1 A 1 1 [ 1 1 1 1 1 1
~1000. ) 1000.  2000.  3000.  4000.  5000.  6000. 7000

Time (s)

Fig. 6 : Rod surface temperature (middle level)

AS5-3



600

550

500

450

400

350

Temperature (C)

300

250

200

150

XXX R04 HTTEMP335600105
YYY ELO6 THMEAN11
ZZZ ELO6 THMEAN12

=1000. 0 1000. 2000.

3000. 5000.

Time (s)

4000. 7000.

Fig. 7 : Rod surface temperature (high level)

550

Ik

400

350

300

Mass (kg)

200

150

100

50 1 | [ N B

XXX R04 CNTRLVAR999
YYY EL0O6 CIPRIM

~1000. 0 1000. 2000.

Fig. 8 : Primary system mass inventory

3000.
Time (s)

4000. §000. 6000. 7000.

AS5-4



09

.08 |- -

or L XXX V13=V12/1000000
YYY ELOS PD90S2AA

06 L XY | -

1
05 L { -
{

03 L

Dift. pressure (MPa)
b4
T
-~
1

02 |

01 L

XX XX Y X X XY X

-01 L 1 L 1 1 1 1 ) L 1 ] P ) ]
-1000. 0 1000. 2000. 3000. 4000. $000. 6000. 7000.

Time (s)

Fig. 9 : Pressure difference between the entry and the exit of the intact
loop steam genarator

07

T 1.1 T 1 1 17 1T 1T 1T 1T 11
06 L -
XXX V15=V14/1000000
YYY ELO6 PD1714
05 | -
F o4t 4
3
% o | 1
: 02
E - r K Xeaim XX, .
o1 L {_
0 v Y v vy ¥ vy ’
-01 ] | I I (ORI NN NN SRR NN NN SN N R
-1000. 0 1000. 2000, 3000. 4000. §000. 6000. 7000.

Time (s)

Fig. 10 : Pressure difference in the ascending side of the loop seal of the
intact loop

A5-5






APPENDIX 6:

Short overview of the UMAE basic principles






Short overview of the UMAE basic principles

Different methods have been proposed to quantify the accuracy of
thermal-hydraulic codes. Although these methods were able to give
information about the accuracy, some were not considered satisfactory
because they involved some empiricism and were lacking of a precise
mathematical meaning. Besides, engineering subjective judgment is almost
always present in these methods.

Generally, the starting point of each method is an error function, through

which the accuracy is evaluated. The error function should respond to

these requirements:

1) to be independent upon the transient duration;

2) its values should be normalized;

3) at any time of the transient this function should remember the previous

history;

4) engineering judgment should be avoided or reduced;

5) the mathematical formulation should be simple and the function should

be non-dimensional.

The UMAE (Uncertainty Methodology based on Accuracy Extrapolation)

is a methodology suitable for evaluating the uncertainty in the prediction

of transient scenarios in nuclear reactors when carried out by thermal-

hydraulic system codes. It is based on the extrapolation of the accuracy

resulting from a comparison between code results and relevant

experimental data obtained in small scale facilities.

To apply the UMAE must be verified the following conditions:

- the code must be qualified;

- the experimental data have to reproduce the same phenomena expected in
the real plant;

- the nodalizzation has to be qualified;

- the experimental data has to be relative to facility of different scale, but
characterized by the same scaling philosophy;

- the experiments must be qualified.

As already tells, the basic idea of the UMAE methodology, is to get the

uncertainty from considering the accuracy.

The simplest formulation about the accuracy of a given code calculation,

with reference to the experimental measured trend, is obtained by the

difference function
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AF(t) = Fcak(t)—Fexp(t)
(M)

To get a limited number of values that give an overall judgment about
accuracy, it should be resorted to the integration of the function (1). Such
integration however it would give a partial information because some
interesting details could be lost, for example the presence of perturbations
would be hidden for effects of compensation. So it may be useful to study
the same phenomenon from other points of view, time independent.

A mathematical algorithm that can translate a given time function, in a
corresponding complex function is the Fourier transform.

For the calculation of Fourier transform exists a specific procedure of
calculation call FFT (Fast Fourier Trasform).

The FFT procedure is a mathematical tool through which is possible to
analyze and to compare, in objective manner, calculated and experimental
quantity that are time functions passing in the frequency domain.

In particular, the FFT methodology, applied to the error function AF(s),
defined from the equation (1), defines two values characterizing each
calculation:

¢ a dimensionless average amplitude

2.

Y BF(f,)
Ad=2

D F ()

n=0

¢ a weighted frequency

Y|BFL)- f,
WF = 20

2IAF ()

n=0

The AA factor can be considered a sort of “average fractional error”, it
represents the relative magnitude of the discrepancy deriving from the
comparison between the calculated and the corresponding experimental
trend of each parameter.
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The weighted frequency WF gives an idea of the frequencies related with
the inaccuracy so it represents the type of error. A small value for WF
means that the discrepancy between the measured and calculated trends is
more important at low frequencies; when WF is large, the discrepancy
comes from various kinds of noise and consequently is less important. So
better accuracy is realized for low values of AA associated to large values
of WF. ,

Trying to give an overall picture of the accuracy of a given calculation, it
is required to combine the information obtained for the single parameters
into average indexes of performance.

This is obtained by defining the following quantities:

N var
(44),,, = D (44),-(w,),

i=]

N var
(WF) = O (WF),-(w,),

im]

with
N var
Z(W/ )i =1
in]
where
-N,.r is the number of selected parameters to which the method has been
applied)

-(wg); are weighting factors introduced for each parameter, to take into
account their importance from the viewpoint of safety analyses.

For like the factor AA,, has been defined, it is deduced that lower is his

value better is the accuracy of the dnalyzed calculation. From this it

springs the following acceptability criterion :

AA, <K

where K is an acceptability factor valid for the whole transient. Based on
experience gathered in previous applications of this methodology, K=0.4
has been chosen as the reference value that identifies the acceptable
accuracy of a code calculation. Because, from precedents applications of
the FFT, it was been noticed that results in the range:
1. A4,<03 represent a very good simulation;

A6-3



2. 03<44, <05 represent a good simulation;

3. 0.5<44,, <07 representa poor simulation;

4. A4, > 0.7 represent a very poor simulation.

The same criterion can be used to evaluate the code capability in a single
parameter prediction. In particular, an acceptability factor K=0.1 has been
fixed for the primary pressure because of its importance.
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*lobi-mod2 test bl-06 - 1% Cold Leg Break LOCA,MCP s 506 time O It null 0 1600 n
on 507 time O ge null O 50000 1°*lpdrain
b 508 time O ge mull O 00 )
sess+  revised base input deck  ***e* 509 time O It nul O 4000 n
$mm—=> relapS/mod3.2.1 ) <t 510 time O It timeof 688 250 n
ssss¢  post-test calculation okxe S11 time O gt null O 1.0¢9 1
0000100 new transnt 512 time O gec timeof 503 0.0 |
0000101 run 513 time O ge timeof 505 05 |
0000102 si SIS time 0 ge timeof 620 50. n
0000104 cmpress 516 time 0 le timeof 620 60. n
0000105 100 11.0 517 p 350010000 gec null O 131.0¢5 n
0000110 nitrogen 522 time 0 ge nul 0 -10 1
ERSAREXRER S SRR VRR RS BANERARERLNRERER 525 ﬁme 0 ]c nu“ o 29500 l
hiddd 526  httemp 335100105 ge null 0 646.15 n
* time step control cards . 527  httemp 335200105 ge null 0 646.15 n
[AE I EIRE 22222222222 QR 2122 P2 3 R4 222 22212212 L] ] 528 hncmp 335300]05 ge nu" o 646.l5 n
R 529  httemp 335300205 ge null 0 646.15 n
201  500. 1e-7 0.05 3 400 5000 5000 530 httemp 335500105 ge null 0 646.15 n
202  610. 1le-7 0.05 3 100 1000 1000 531 httemp 335600105 ge null 0 646.15 n
203 3000. 1e-7 0.025 3 1000 2000020000 532 time 0 ge null 0 5000 1
204  3700. 1.e-7 0.01 3 1250 10000 10000 534  httemp 335100105 ge null 0 685.15 =n
205  4160. 1e-7 0.025 3 500 40004000 535  httemp 335200105 ge null 0 68515 n
206  6350. 1e-7 0.05 3 250 20002000 536 httemp 335300105 ge null 0 68515 n
207  6425. 1e-7 0.01 3 1250 10000 10000 537 httemp 335300205 ge null 0 685.15 n
208  7400. 1.e-7 0.01 3 1250 50000 50000 538  httemp 335500105 ge null 0 685.15 n
b i 539  httemp 335600105 ge null 0 68515 n
soss 540 p 350010000 le null O 25.0c5 n
* minor edit variables . 551 time O ge timeof 503 72.0 1
SEREEEERFEES SRR NESS (1] 552 p 6600]0000 ]e nu" o 21.065 l
hh A 553  httemp 335100105 ge nufl 0 745.15 n
301 p 355010000 * upper plenum 554  httemp 335200105 ge null 0 745.15 n
32 p 560010000 * intact loop sg’ 555  httemp 335300105 ge null 0 745.15 n
33 p 660010000 *blsg 556  httemp 335300205 ge null 0 74515 n
304 cntrlvar 5§50 * il sg dc level 557 httemp 335500105 gc null 0 745.15 =n
305 cntrlvar 650 * bl sg dc level 558 httemp 335600105 gc null 0 745.15 n
306 mflowj 330000000 * core inlet 560 httemp 335100105 ge nuil 0 704.15 n
307 pmpvel 135 * pump il 561  httemp 335200105 ge null 0 704.15 n
308 pmpvel 225 * pump bl 562  httemp 335300105 gec null 0 704.15 n
309 cntrlvar 999 * primary fluid mass 563  httemp 335300205 ge null 0 704.15 n
310 cntrlvar 500 * il sg fluid mass 564  httemp 335500105 ge null 0 704.15 n
311  cntrivar 600 * bl sg fluid mass 565 httemp 335600105 ge null 0 704.15 n
312  cntrlvar 530 * il sg rr error §75 time O It null O 5000 n
313  cntrivar 630 * bl sg T error 590 time O gc timeof 6204.0 1
314 httemp 335100105 * htr.rod temp:lvl 2 591 time O ge timeof 590 50 1
315 httemp 335200105 * htr.rod temp:lvl 4 592 time 0 ge timeof 640 0. n
316 httemp 335300205 * htr.rod temp:Ivl7/8 593 time O le timeof 640 10. n
317 hmp 335500]05 ‘hn-.rod tcmp:lvlg SESSVEREAELE R EREREE SRV LRGN
318 httemp 335600105 * htr.rod temp:ivl 11 badhid
320 tempf 100010000 * logica! trips *
321 tempf 140010000 * logical & variable trips uscd in combination to
322  tempf 200010000 * allow more complex generalised trips to be used
323  tempf 240010000 b b
324  cntrivar 92 * il heat losses el
325 cntrivar 94 * bl heat losses 601 592 and 593 n
326 cntrlvar 96 * steam line heat losses 602 515 and 516 n
327  cntrlvar 750 * primary system heat losses 603 -517 and-517 1|
328 cntrlvar 80 * total input power to primary 605 534 or 535 n
329 cntrlvar90 * total power removed from primary 606 536 or 537 n
330 cntrlvar22 * power removed from sg-1 . 607 538 or 539 n
331 cntrlvar24 * power removed from sg-2 608 605 or 606 n
332  mflowj 580000000 * stcam linc flow 609 607 or 608 n
333  cntrlvar 560 610 608 or 609 n
620 610 and 501 1
b 621 620 eand 620 n
* variable trips . 622 620 and -620 n
. 631 501 and 531 =n
A 633 560 or 561 n
501 p 350010000 le null 0 42.]e5 1 634 562 or 563 n
502 cntrivar 158 gt mull 0 125. 1 635 564 or 565 n
503 p 350010000 le null 0 131.0¢5 1*SCRAM 636 633 or 634 n
504 time 0 ge timeof 688 600 n 637 635 or 636 n
505 time O ge null O 5000 1 638 636 or 637 n
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639 638 and 540 n

640 507 and 639 |
641 620 and 620 1
642 620 and 620 !}

643 526 or 527 n
644 528 or §29 n
645 530 or 531 n
646 643 or 644 n
647 645 or 646 n
648 646 or 647 n
649 648 and 540 n
650 507 and 649 )
651 650 and -504 n
654 552 and 551 n
661 505 and -662 n
662 505 and 505 |
664 -503 and -503 n
665 552 and -666 n
666 552 and 552 1
675 575 or -575 n
681 553 or 554 n
682 S§55 or 556 n
683 557 or 558 n
684 681 or 682 n
685 683 or 684 n
68 684 or 685 n
687 686 and 540 n
688 687 and 507 1
690 590 and -591 n
SRR L RBOEERERERREREEEELEPREERBIRBARRIREESN RS RS E XS
kxn
*
L ]
* intact loop *
» .
» *
CESERRSREREERS % *k
[ 21 1]
* pressure vessel outlet - sp 11 *

AEELVREEEERNIERR SN ERAES SENERRRBEN

La L 2]

1000000 voutil snglvol

1000101 42.6604-40.736 00 00 +0.0
1000102 +0.0 2.3d-5 0.0737 00
1000200 3 158.00d+5 599.15

* ™" [T »

2258
* pressurizer connection tee .

sx%9

1050000 prooil branch
1050001 3 1

1050101 42.660d-40.745 0.0 00 +0.0
1050102 +0.0 2.3d-5 0.0737 00

1050200 3 158.004+5 599.15

1051101 100010000 105000000 42.660d-4 033  0.33
0000

1052101 105010000 110000000 42.660d-400 0.0
0000

1053101 400010000 105000000 1.3685d-40.0 0.0
0100

1051201 21.00 00 0.0
1052201 21.00 0.0 0.0
1053201 00 00 0.0

s8R
* stcam generator inlet piping - sp12 *

L2 22

1100000 sgipil pipe
1100001 2.

1100101 42.660d4-4 2

1100201 0.0 1

1100301 1.600 1
1100302 0.628 2
1100401 00 2

1100501 0.0 2

1100601 +6.892 1
1100602 +90.0 2
1100701 +0.192 1
1100702 +0.628 2
1100801 2.3d-5 0.0737 2
1100501 0.164 0.164 1

1101001 00 2
1101101 0000 1
1101201 3 158.004+5599.15 0.0 0.0 0.02

1101300 1
1101301 2100 00 00 1

ERNERNEENER RGP D REENER AR N ERVERRBEREREI LB ERE RS
sty

* steam generator inlet *
SRR OERREEBERRRD * L 1 1]

P 2

1150000 sginil sngljun

1150101 110010000 12000000000 0.0 0.0 100100
1150110 0. 0. 0.4 0.8

SOEERORERNEKES

1150201 1 21.00 00 00

e . SRES LS
L L2 1]

* steam generator primary side *

*x8 L2 1] * L]

ks

* fine nodalisation at lower part of sg u-tubes *

SRR ESSEEERR *eR L 1]

%20

1200000 sgpril pipe

1200001 46

1200101 109.36d-4 1
1200102 0.0 2
1200103 72.413d-4 44
1200104 0.0 45
1200105 109.36d-4 46
1200201 0.0 45

1200301 1.763 1
1200302 0.306 2
1200303 0.1475 6
1200304 0.125 10
1200305 0.250 14
1200306 0.500 22
1200307 1.014832 24
1200308 0.500 32
1200309 0.25 36
1200310 0.1250 40
1200311 0.1475 44
1200312 0.306 45
1200313 1.763 46
1200401 0.0 1
1200402 9.932d-3 2
1200403 0.0 44
1200404 9.932d-3 45
1200405 0.0 46
1200501 0.0 46
1200601 +90.0 22
1200602 +87.50 23
1200603 -87.50 24
1200604 -90.0 46
1200701 +1.763 1
1200702 +0.306 2
1200703 +0.1475 6
1200704 +0.125 10
1200705 +0.250 14
1200706 +0.500 22
1200707 +0.907696 23
1200708 -0.907696 24
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1200709 -0.500 32

1200710 -0.250 36

1200711 -0.125 40

1200712 -0.1475 44
1200713 -0.306 45

1200714 -1.763 46

1200801 2.3d-5 0.118 1
1200802 2.3d-5 0.176695 2
1200803 0.0 0.0196 44
1200804 2.3d-5 0.176695 45

158.00d+5 565.15 0.0 0.0 005

1301201 3

1301300 1

1301301 2100 00 00 4

SRORRE *REe [ 1]
E1 1]

* pump inlet volume .

LI ISP T2 RS SQ SRR 22212 2242221222 %2182
zeen

1330000 pinil branch
1330001 1 1

1200805 2.3d-5 0.118 46 1330101 42.660d-40.769 0.0 00 +90.0
1200901 00 0.0 1 ‘1330102 +0.769 23d-5 0.0737 00
1200902 00 0.0 2 1330200 3 158.00d+5 565.15
1200903 0.0 0.0 22 1331101 130010000 1330000000.0 0.0 0.0 0000
1200904 0.120 0.120 23 1331201 21.00 00 0.0
]200905 on QD 43 SRR EEPEREEERBRLOER RN ERERDER RN RSSO ERR LD LS L0 BENS
1200906 0.0 00 44 sase
1200907 00 00 45 * pump intact loop .
1201001 oo 46 L 21 (X2 L2232 22 23 SR 22222 22412223
1201101 0100 2 g
1201102 0000 43 1350000 pumpil pump
1201103 0100 45 1350101 33.183d-40.6027 0.0 00 +90.0
1201201 3 158.00d+5 599.15 0.0 0.0 0.02 1350102 +0.210 1
1201202 3 158.00d+5 593.00 0.0 0.0 0.014 1350108 133010000 42.660d-4 0.06 0.02 0000
1201203 3 158.00d+5 588.00 0.0 0.0 0018 1350109 137000000 42.660d-40.02 0.06 0000
1201204 3 158.00d+5 583.00 0.0 0.0 0022 1350200 3 158.00d+5 565.15
1201205 3 158.00d+5 579.00 0.0 0.0 0.023 1350201 1 2100 00 00
1201206 3 158.00d+5 575.00 0.0 0.0 0.024 1350202 1 2100 00 00
1201207 3 158.00d+5 572.00 0.0 0.0 0.028 13503010 0 0 -1 0 5221
1201208 3 158.00d+5 569.00 0.0 0.0 0.032 1350302 745.605 0.63280 0.0280 1399 4547
1201209 3 158.00d+5 565.15 0.0 0.0 0.046 1350303 1.444 7473 00 00 00
1201300 1 1350304 00 00
1201301 2100 00 00 45 1350310 00 0.0 0.0
(222121222 ] ks SEOESIREIR L 1) »
L E2 2 soER .
* stcam generator suction leg * * cold leg pipe - pump outlet *
ey L2 ]2 TREOERS "rse (1] CIRRERELR SRR RER
2 L2 L2
1250000 sgouil sngljun 1370000 poutil branch
1250101 120010000 1300000000.0 0.0 0.0 0000 1370001 1 1
1250201 1 2100 00 00 1370101 42.660d-40.739 00 0.0 +0.0
1370102 +0.0 2.3d-5 0.0737 00
hiaidd 1370200 3 158.00d+5 565.15
* loop scal * 1371101 137010000 14000000000 0.0 0.0 0000

S3698%R
LA L 2]

1300000 Iscalil pipe
1300001 5

1300101 42.660d-4 5
1300201 0.0 4
1300301 1.030
1300302 0.769

- 1300303 1.611
1300304 0.625
1300305 1.611
1300401 0.0 5
1300501 00 S
1300601 900 2
1300602 -87.15 3
1300603 00 4

1300604 +87.55 S
1300701 -1.030 1
1300702 -0.769 2
1300703 -1.545 3
1300704 00 4

1300705 +1.545 §
1300801 2.3d-5 0.0737 5
1300901 00 0.0 2
1300902 020 020 3
1300903 020 020 4
1301001 00 5

1301101 0000 4

L1 22

BB WN -

1371201 21.00 00 0.0

EEi )
* pump seal water common manifold intact loop pump *

' TT ]

L L1 L]

L 22 2]

1380000 pswilman branch

1380001 1 1

1380101 3.0d4 50 00 0.0
1380102 400 00 002 00
1380200 3 158.00d+5 373.15
1381101 138010000 133010000 0.0
1381201 0.75d-2 00 0.0

+0.0

0.0  1.0¢6 0000

e

* cold leg pipe .

L i 22

1400000 clpiil
1400001 2
1400101 42.660d-4 2
1400201 0.0 1

1400301 1.162 2
1400401 0.0 2

1400501 0.0 2

1400601 0.0 2

1400701 +0.0 2

1400801 2.3d-5 0.0737 2

pipe
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1400901 00 00 1

1401001 00 2

1401101 0000 1

140120t 3 158.004+5 565.15 0.0 0.0 0.02
1401300 1

1401301 2100 00 00 1

L i 23] SEESEERSRBEERESR R R G BN
LEL 2]

* pressure vessel inlet hd

2820 *en0 SRELERRES IS

628

1450000 vinil branch

1450001 1 1

1450101 42.660d-40.841 00 00 +0.0

1450102 +0.0 2.3d-5 0.0737 00

1450200 3 158.004+5 565.15

1451101 140010000 14500000000 0.0 0.0 0000
1451201 2100 0.0 0.0

BRI EXNEERRRR N RN S ERERER LN RESEXEB ORI ERABRBEREV SRS
e

* .

* .

* broken loop *

]

[ ]

(222 % L] SREERERE
PR L2

* pressure vessel outlet - sp21 *

BERESBEEIERRDRENERR SRR SN RRSS S RRGR 24BN R DR ERASE
L2 4 L)

2000000 voutbl snglvol

2000101 16.691d-40.749 00 00 +00
2000102 +0.0 2.3d-5 0.0461 00
2000200 3 158.00d4+5 599.15

SXEERRIRRSE SRR

L2 22

* pressurizer connection tee *
. [ 114

L2l L]

2030000 preobl branch
2030001 2 1

2030101 16691440865 00 0.0 +0.0
2030102 0.0 23d-5 0.0461 00

2030200 3 158.00d+5 599.15
2031101 200010000 203000000 16.691d-4 0.12  0.12
0000

2032101 203010000 206000000 16.691d-4 0.05  0.05
0000

2031201 700 00 0.0

2032201 700 00 0.0

L2 51
* steam generator inlet piping - sp22 *

P12 1)

2060000 sgipbl pipe
2060001 3

2060101 16.691d-4 3
2060201 0.0 2
2060301 0.666 2
2060302 0.686 3
2060401 00 3
2060501 0.0 3
2060601 +0.0 1
2060602 +13.46 2
2060603 +90.0 3
2060701 +0.0 1
2060702 +0.155 2
2060703 +0.636 3
2060801 2.3d-5 0.0461 3
2060901 0.10 010 1
2060902 0.30 030 2

2061001 00 3
2061101 000000 2

2061201 3 158.00d+5599.15 0.0 00 003
2061300 1

2061301 700 00 00 2

FUREERREERSREER SRS Li b d
*URX

* steat generator inlet *

EREERRNEERESEERE R CREREIEXNEXBEIREREERR O RERR IR KRR
x&9%

2080000 sginbl sngljun

2080101 206010000 210000000 16.691d-4 0.35 0.16
100000 '

2080110 0. 0. 04 0.8

2080201 1 700 00 00

RERBERREXEERES SRR SRS S kARG SR

L i 2 1

* steam generator primary side *
BREESREEERERE SR ERE A RXEORER S X
ek

* fine nodalisation at lower part of sg u-tubes *
SERXENESAEREEXRCREREBERERERRREAERERR SRR SN REEBERER &
k%

2100000 sgprbl pipe

2100001 26
2100101 36.745d-4 1
2100102 00 2

2100103 24.1384-424
2100104 0.0 25
2100105 36.745d-4 26
2100201 00 25
2100301 1.884 1
2100302 0.192 2
2100303 0.280 4
2100304 0250 6
2100305 0.500 8
2100306 1.000 1
2100307 1.012322 14
2100308 1.000 18

2100309 0.500 20

2100310 0250 22

2100311 0230 24

2100312 0.192 25

2100313 1.834 26

2100401 0.0 1

2100402 2.70093d-3 2
2100403 0.0 24

2100404 2.70093d-3 25
2100405 00 26

2100501 0.0 26

2100601 +90.0 12

2100602 +83.06 13

2100603 -83.06 14

2100604 -90.00 26

2100701 +1.884 1

2100702 +0.192 2

2100703 +0.230 4

2100704 +0250 6

2100705 +0.500 8

2100706 +1.000 12

2100707 +0.906098 13
2100708 -0.906098 14
2100709 -1.000 18

2100710 -0.500 20

2100711 0250 22

2100712 -0.280 24

2100713 -0.192 25

2100714 -1.884 26

2100801 234-5 0.0684 1
2100802 2.3d-5 0.11341632
210080300 0.0196 24
2100804 2.3d-5 0.1134163 25
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2100805 2.3d-5 0.0684 26
2100901 00 0.0 1
2100502 0.25 025 2
2100903 0.0 00 12
2100904 0.142 0.142 13
2100905 00 0.0 23
2100906 0.25 025 24
2100907 0.0 00 25
2101001 00 26
2101101 0100 2
2101102 0000 23
2101103 0100 25

2101201 3 158.00d+5 599.15 0.0 0.0 0.02
2101202 3 158.00d+5 593.00 0.0 0.0 0.08
2101203 3 158.00d+5 587.00 0.0 0.0 0.010
2101204 3 158.00d+5 582.00 00 00 0012
2101205 3 158.00d+5577.00 00 0.0 0013
2101206 3 158.00d+5573.00 0.0 0.0 0.014
2101207 3 158.00d+5 571.00 0.0 0.0 0.015
2101208 3 158.00d+5 569.00 0.0 0.0 0.017
2101209 3 158.00d+5 565.15 0.0 0.0 0.026
2101300 1

2101301 7.00 00 00 25

SARREEREREEBE RN ERRDEERRNRRRRREREER S ERE R XS RSN REN R
SeeK

* steam generator outlet *

EERECHREEN SRR SRR G RROBES RO BRERRRRESEBEBRRNREENERES
ek

2150000 sgoubl sngljun

2150101 210010000 22000000000 00 0.0 0000
2150201 1 700 00 0.0

L 11 ] (a2 2 L2 1] (212 1) * L 21
[ 22 2]

* Joop seal he

** L2 2] (2112 ] )

L L L L]

2200000 Iscalbl pipe
2200001 §

2200101 16.691d-4 5
2200201 16.691d-4 4
2200301 1.042
2200302 1.153
2200303 0.741
2200304 0.732
2200305 0.741
2200401 0.0 5
200501 0.0 5
2200601 -90.0 2
200602 -79.17 3
200603 00 4
2200604 +79.17 §
2200701 -1.042 1
2200702 -1.153 2
2200703 0.622 3
2200704 0.0 4
2200705 +0.622 5
2200801 2.3d-5 0.0461 5
2200901 0.0 00 2
2200902 030 030 3
2200903 030 030 4

0B b WN -

2201001 00 §
2201101 0000 4
2201201 3 158.00d+5565.72 0.0 0.0 0.05

2201300 1
2201301 700 00 00 4

L i 2
* pump inlet volume *

L1231

2230000 pinb!  branch
2230001 1 1

2230101 16.691d41.153 00 0.0 +90.0
2230102 +1.153 23d-5 0.0461 00

2230200 3 158.00d+5 565.72

2231101 220010000 22300000000 0.0 0.0 0000
2231201 700 00 00

L L2 "ere L L1 ]

LE2 1

* pump broken loop hd
EERAERRERRPERNERED RO RSN (L L2 1] L]
L2 1)

2250000 pumpbl pump

2250101 33.183d-40.603 00 0.0 +90.0

2250102 +0201 1

2250108 22301000000 - 0.03 0.08 0000

2250109 2300000000.0 0.08 0.03 0000

2250200 3 158.00d+5 565.72
2250201 1 700 00 00
2250202 1 700 00 0.0

2250301 135 135 135 -1 0 5221

2250302 745.605 0.44973 0.028 1399 4547
2250303 1444 7473 00 00 00
2250304 00 00

2250310 00 00 00

EREVEE LR ERRERVRESRRRARRARRER LRI BLREE L RN SRR R G %R
£ 12 ]

* pump seal water common manifold broken loop pump

*
ERNRREDERN
L1222

2280000 pswbiman branch

2280001 1 1

2280101 3.0d4 50 00 00 +0.0

2280102 +0.0 00 002 00

2280200 3 158.00d+5 373.15

2281101 228010000 22301000000 0.0  1.0¢6 0000
2281201 0.50d-2 0.0 0.0

sEE0 %% *s

sESs

* cold leg pipe - pump outlet b

sRER

2300000 poutb! branch

2300001 0 1 :
2300101 16.691d-40.860 0.0 0.0 +0.0
2300102 +0.0 23d-5 0.0461 00
2300200 3 158.00d+5 565.15

65

* cold leg pipe - pump side .

VRERNEEREIRREIERNEER B AR RS

[ 12 2]

2400000 collb! branch

2400001 1 1

2400101 16.691d-41263 00 00 +0.0
2400102 +0.0 2.34-5 0.0461 00

2400200 3 158.00d+5 565.15

2401101 240010000 250000000 16.691d400 0.0
0000

2401201 7.00 0.0 0.0

*2ER
* penta valve flow restrictor & controller .

Y

S8

2350000 pentavlv valve

2350101 230010000 240000000 16.691d403 03
0100

2350102 10 1.0

2350201 1 70 00 00

2350300 mtrvlv

2350301 511 690  0.162308 1.0
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b3 21

* cold leg pipe - rpv side *

L2 1] 8
L2 22

2500000 col2bl snglvol

2500101 16.691d-409t 0.0 00 +0.0
2500102 +0.0 23d-5 0.0461 00
2500200 3 158.004+5 565.15

SRARESIRRRRER R RS ROREE N AR ER BV RREIRESIER R ERRRERREE R
L2 2]

2550000 col3bl sngljun

2550101 250010000 260000000 16.691d-4 0.37 037
0000

2550102 1.0 1.0

2550201 1 700 00 00

L2 2] ] . sESS

sEe

* vessel inlet - sp 26 .

2R VBRED RSN (2121
L2123

2600000 veinbl branch

2600001 0

2600101 16.691d-40.704 0.0 0.0 +0.0
2600102 +0.0 23d-5 0.0461 00

2600200 3 158.00d+5 565.15
ERESBES BESABERVERBRERS 2RSSR ER
Ea 22
L 3
* R *
* pressure vessel *
L *
*
..‘. . ] ] [T ]
sk e
* downcomer - above nozzie center line .
£ 2 1] ke

bl 2

3000000 updownc branch

3000001 O

3000101 113.10d40315 0.0 00 +90.0
3000102 +0.315 234-5 0.024 00
3000200 3 158.00d+5 566.63

L]

*ERE
* downcomer upper annulus - below centre line *

2888

3050000 updownc branch

3050001 4 1

3050101 113.104-40487 00 00 -90.00
3050102 -0.487 234-5 0.0240 00

3050200 3 158.00d+5 566.68

3051101 145010000 305000000 42.660d-4 3.55 3.55
0000

3052101 260010000 305000000 16.6914-4324 324
0000

3053101 305010000 310000000 113.104400 0.0
0000

3054101 305000000 300000000 113.104-40.0 0.0
0000

3051201 2100 00 00

3052201 7.00 00 0.0

3053201 28.00 0.0 0.0

3054201 0.0 00 0.0

.3100701 -0.600

29838
58

* downcomer .

s8N

3100000 downc annulus
3100001 10

3100101 113.10d-4 10
3100201 113.10d49
3100301 0.600
3100302 0.740
3100303 0.663
3100304 0.875
3100305 0.663
3100306 0.612
3100307 0.390
3100308 0.616 10
3100401 0.0 10
3100501 0.0 10
3100601 90.0 10

OO

3100702 -0.740
3100703 -0.663
3100704 -0.875
3100705 -0.663
3100706 -0.612
3100707 -0.390
3100708 -0.616 10

3100801 53d-6 0.024 10

3100901 00 00 9

3101001 00 10

3101101 0000 9

3101201 3 158.00d+5 566.71 0.0 . 0.0 0.010
3101300 1

3101301 2800 00 00 9

SEEXAEROEAS LB RV AR XSRS RRGRRABES S EERRER KRR EBA K %R
L2 2 2]

O 00~ WM

* lower plenum - upper part .
E1 L L] [ ] 1112 e

*28%

3150000 loplup branch

3150001 3 1

3150101 764.54d-40.175 00 0.0 +90.0
3150102 +0.175 23d-5 0312 00

3150200 3 158.00d+5 566.70

3151101 310010000 315010000 113.10d-41.0 1.0
0100

3152101 315010000 325000000 240.53d44.5 45
0100

3153101 315000000 320000000 764.54d-400 0.0
0000

3151201 280 00 0.0

3152201 28.00 00 0.0

3153201 00 00 00

es LT

*
*
L

L1243

* lower plenum - lower part *

0 »
L2111

3200000 lopllp branch

3200001 0 1

3200101 764.54d-40.175 00 0.0 -90.0
3200102 -0.175 23d4-5 0312 00
3200200 3 158.00d+5 565.27

sone
* core inlet box *

ks

3250000 coind pipe
3250001 2

3250101 240.53d4 1
3250102 230.29d-42
3250201 230.29d4 1
3250301 0.616 1
3250302 0.3%0 2
3250401 00 2
3250501 0.0 2
3250601 +90.00 2
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3250701 +0.616 1

3250702 +0.390 2

3250801 2.3d-5 0.175 1

3250802 2.3d-5 0.0632 2

3250901 0.0 00 1

3251001 00 2

3251101 0100 1

3251201 3 158.00d+5 565.50 0.0 0.0 0.02
3251300 1

3251301 2800 00 00 1

BEISE SRR LD RIS RS RERDEEX S SRR SR ERNER SR N SRR XN ERRRED
TS ’

* core inlet junction *

SEEXSERBOEE LSRR ES [ 1211 1]] [ 1217 2]
sEee

3300000 corinj sngljun

3300101 325010000 335000000 81.152d41.77 1.77
3300102 0100
3300201 1

2800 0.0 0.0

L2 1L 2] ] . s

21 1]

* core region .

RESERERSRNE RO EREERENRERERRERDEREER L AR NS SRR IR RS S
280%

3350000 comreg pipe
3350001 6

3350101 81.152d4 6
3350201 81.152d45
3350301 0.612 1
3350302 0.663 2
3350303 0875 4
3350304 0.663 5
3350305 0.740 6
3350401 00 6
3350501 00 6
3350601 +90.0 6
3350701 +0.612 1
3350702 +0.663 2
3350703 +0.875 4
3350704 +0.663 5
3350705 +0.740 6
3350801 0.0 00123 6
3350901 05 05 1
3350902 08 08 4
3350903 05 05 5

3351001 00 6

3351101 0000 5

3351201 3 158.00d+5571.05 00 0.0 001
3351202 3 158.004+5576.11 00 0.0 002
3351203 3 158.00d+5 58403 00 0.0 003
3351204 3 158.00d+5 591.66 0.0 0.0 004
3351205 3 158.00d+5596.22 0.0 0.0 005
3351206 3 158.00d+5 59863 00 0.0 0.06
3351300 1

3351301 2800 00 00 5

L2 2 1]
* core outlet junction he

SEEe
3400000 corouj sngljun
3400101 335010000 345000000 81.152d412 12

3400102 0100

3400201 1 2800 00 00

e

* upper plenum - lower part *

[ 22 L]

3450000 upplio pipe
3450001 2
3450101 249.82d42

3450201 249.82d41
3450301 0600 2
3450401 0.0 2

3450501 0.0 2

3450601 +90.0 2
3450701 +0.60 2
3450801 5.0d-5 0.0359 2
3450901 00 00 1
3451001 00 2

3451101 0000 1

3451201 3 158.00d+5 599.55 00 0.0 002
3451300 1

3451301 28.00 0.0 00 1

SAEEER RS RN (2 1]
L L L]

* upper plenum - intermediate part *

SRAREEILEEP RO KSNEREBEEEE SR RS
L2 21

3500000 upplin branch

3500001 4 1

3500101 249.82d-40487 00 00 4900
3500102 +0.487 5.0d-5 0.0359 00

3501101 345010000 350000000 249.82d40.0 0.0
0000

3502101 350010000 100000000 42.660d-4 0.94 0.94
0000

3503101 350010000 200000000 16.691d-4 1.54  1.54
0000

3504101 355010000 350010000 249.82d-40.0 0.0

- 0000

3501201 2800 00 0.0
3502201 21.00 00 00
3503201 7.00 00 00
3504201 00 00 0.0
3500200 3 158.00d+S5 599.10

VERRRERERRAEREXEEL AR R LSS
ke

* upper plenum - upper part *

she [TY1]

e

3550000 upplup branch

3550001 0

3550101 249.82d-4 0315 0.0 00 -90.0
3550102 -0.315 5.0¢-5 0.0359 00
3550200 3 158.00d+5 574.16

PRRERRERE L] » L 1]

L3 223

* bypass, downcomer to upper plenum, via two paths:- *
* :two 5.0mm dia holes (junction 35200 = 1.3%) b

* :gap around hot leg nozzles (junction 35300 =2.2%) *

" * based on total loop flowrate of 28kg/s .

CESBEREEL PSRN SRV R R EE SR SRR
25N

3520000 dcholes sngljun

3520101 300010000 355000000 1.131d-2 215654.0
215654.0

3520102 0000

3520201 1 00 00 0.0

3530000 dcgap sngljun

3530101 305000000 350010000 1.131d-2 813838.0 81388.0
3530102 0000

3530201 1 00 00 00

FTY) (S 11122 ]
2898

* isolation valve, upper plenum to upper head pipework *
* valve closes 240 sec before start of transient .

L L2

LA 21

3640000 uhvalve valve

3640101 363010000 365000000 3.14164-4 10.0 10.0
0000

3640102 10 1.0
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3640201 1 0.0 00 00

3651101 365010000 370000000 3.1416d-42.0 2.0

3640300 trpviv 0000
3640301 506 3651201 00 00 0.0
sEREEN LI 1L x% SEERERRSEBEER (i d 1]
L322 L it 1]
* pump sealwater drain from upper plenum * * upper head vessel *
* valve closes at start of blowdown, time=0.0sec  * hd ke hihde *
SRRREBERERRERESREREEER S ERR O EEN L4 1] *8 (i 2 2]

L2 2 1]

3580000 upbleed tmdpjun

3580101 355000000 360000000 6.0d-4
3580200 1 575  cotidvar 755
3580201 -50 00 00 0.0
3580202 00 00 00 00
3580203 001 0.0 00 00
3580204 5.0 010 00 00

*8

*%%e

* pump sealwater drain from lower plenum *
* valve opens at start of blowdown, time=0.0sec  *

1Y M TIS T ] e

"kxe

3590000 !pbleed tmdpjun

3590101 320000000 361000000 6.0d-4

3590200 1 505  cntrivar 760

3590201 00 00 00 0.0

359020210 10 00 00
ESSEEVEBEBERERR LRV ERBRRRERERB RS RESRERRER SRR R AR RS
* pump seal bleed flow reservoir - upper plenum drain *
DERUEBRRRE SR EEACR LSS ERRER SRR LSRN ER RV B XS RR O R ES
e

3600000 upbleedr tmdpvol

3600101 1.0 05 00 00 +90.0
3600102 +0.5 00 00 00
3600200 3 508

3600201 00 1.045 298.0

3600202 10000.0 1.0d5 298.0

SEBEREERERENNEXE R R EBES R * Ll 2]
*8

* pump seal bleed flow reservoir - lower plenum drain *

[ TT L) Y311 ]

8%

3610000 Ipbleedr tmdpvol

36101010 1.0 05 00 0.0 +90.0
3610102 +0.5 00 00 00
3610200 3 508

3610201 0.0 1.0d5 2980

3610202 10000.0 1.0d5 298.0

LI L 2]
* connecting pipes to upper head i

LS 1]

3630000 uphepil branch

3630001 2 1

3630101 3.1416d-41.416 00 00 +6531
3630102 +0.970 1.0d-5 0.020 00

3630200 3 158.0d5 566.62

3631101 300010000 363000000 3.14164-423.0 23.0
0100

3632101 363010000 375010000 3.1416d-4 33.0  83.0
0000

3631201 00 0.0 00

3632201 00 00 00

L1221

3650000 uphepi2 branch

3650001 1 1

3650101 3.1416d43.169 00 00 +54.04
3650102 +2.565 1.0d-5 0.020 00

3650200 3 158.003+5 566.61

3700000 upheves pipe
3700001 2

3700101 113.10d-42
3700201 113.10d-4 1
3700301 0.855 2
3700401 0.0 2
3700501 0.0 2
3700601 -90.0 2
3700701 -0.855 2
3700801 2.3d-5 0.120 2
3700901 00 00 1

3701001 00 2
3701101 0000 1
3701201 3 158.00d+5 566.65 0.0 0.0 002

3701300 1
3701301 00 00 0.0 1

SRR SN REERCABRN LR RRO B ERARRE KB A RSB O KRR SRS RER B RS
ke

* bottom volume of upper head vessel *
SREERSEEXXEERRBERGEXOXRERRRSRERERRB QSR BN EREREB R0 E
2k

3750000 uphevsb branch

3750001 1 1

3750101 113.104-40855 00 00 -90.0
3750102 -0.855 23d-5 0.120 00

3750200 3 158.00d+5 566.65

3751101 370010000 375000000 113.10d-4 0.0 0.0
0000

3751201 00 00 00

it 2211 ] SRS RESIERSRE
s %
* connecting pipe upper head - to upper plenum .
sxed
*es

3800000 uphepi3 branch

3800001 2 1

3800101 3.1416d41.416 00 00 <6531
3800102 -0.970 1.0d-5 0.020 00

FTY 1]

3800200 3 158.00d+5 566.67

3801101 375010000 380000000 3.1416d-40.1 0.1
0000

3802101 380010000 355000000 3.1416d-4 39.0  39.0
0100

3801201 60 0.0 00
3802201 00 0.0 00

e
* »

pressurizer .

2 & &

*ea%

* pressurizer surge line - connection to intactloop *
e
sRes
4000000 surgeli pipe
4000001 3

4000101 1.3635d-43
4000201 1.3635d-42
4000301 1.730 1
4000302 2.600 2
4000303 2.300 3
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4000401 00 3
4000501 00 3
4000601 -8.98 1

4000602 -74.06 2
4000603 +63.23 3
4000701 -0.270 1
4000702 -2.500 2
4000703 +2.500 3
4000801 2.3¢-5 0.0132 3
4000901 0.5 05 2

4001001 00 3
4001101 0000 2
4001201 3 158.00d+5 599.15 0.0 0.0 0.03

4001300 1
4001301 0.0 00 00 2

PECEREER XL LR RXR LS RSP RN SR NEX R R LR PEREE SRR GRS RER S
*388

* pressurizer vessel
SENPERERERRRE R RN ES SO DERISR IR SR %R [ 1
[ L1 1]

* top of pressurizer, valve connection point *
L2 EXORERESED -

(i 2 2

4090000 przriop branch

4090001 1

4090101 115.00d-40.898 00 00 -90.0
4090102 -0.898 2.3d-5 0.1244 00

4090200 2 158.00d+5 1.0 .

4091101 409010000 410000000 115.00d-4 0.0 0.0 0000
4091201 0.0 00 0.0

8 SEEREEERERRRKGEEREEN RS

L 22 2]

4100000 pressuri pipe
4100001 7

4100101 121.33d41
4100102 121.54d-4 6
4100103 79.720d4 7

4100201 0.0 6
4100301 09 6
4100302 0.585 7
4100401 0.0 7
4100501 0.0 7
4100601 <900 7
4100701 09 6

4100702 -0.585 7
4100801 2.3d-5 0.1244 6
4100802 2.3d-5 00297 7
4100901 0.0 00 6
4101001 00 7

4101101 0000 S
4101102 0100 6

4101201 2 158.00d+50.9958 0.0 00 001
4101202 2 158.00¢+50.9945 0.0 0.0 002
4101203 2 158.004+508 0.0 00 003
4101204 2 158.00d+500 00 0.0 0.04
4101205 2 158.00d+50.0 00 00 007
4101300 1

4101301 00 00 00 6

4200000 pressbt branch

4200001 1 1 ‘
4200101 80.549d40.790 00 00 -90.0
4200102 -0.790 2.3d-5 0.0323 00

4200200 2 158.00d+5 0.0

4201101 410010000 420000000 79.720d-40.0 0.0
0100

4201201 0.0 00 0.0

SEERIEREERRE SR RERRNRSE (2214
L2 ] ]

* time depend. volume for pressure initialization *
* trip valve has 1o be closed for transient run .

* used in combination with pressurizer power controller *
BERXXEEEREBREBR SR RS EERIEIES seE%

e

4250000 cntjpre valve

4250101 430000000 40900000000 0.0 0.0 0000
4250201 1 00 00 00

4250300 trpviv

4250301 575

*

4300000 cntvpre tmdpvol

4300101 115.00d-41.00 00 00 900
4300102 -1.00 00 00 00

4300200 2 575  cntrlvar 823

4300201 136.0d5 136.0d5 1.00

4300202 162.0d5 162.0d5 1.0

PEXNRRXRENEEBEXDRRLEREXREER SRR CRRE RV SRR XL SR HHED
L]
* pressuriser porv discharge line, isolation valve  *

* .~ orifice diameter of 2.74 mm assumed — *
SRR RPREROERSERRRERES * shEESE

e

4400000 porvsrl valve

4400101 409000000 910000000 5.896¢-6 1.5 1.5 0000
4400201 1 00 00 00

4400300 trpviv

4400301 651

L 1] (12211

Ll 2]

4410000 porvsr2 valve

4410101 409000000 901000000 4.3043¢-6 1.5 1.5
0100

4410201 1 00 00 00

4410300 mtrvlv

4410301 601 504 2. 0.

(L2 ] ] T

[ ] *
lobi mod2 steam generators .
*
L 21 1)
. *
b sg intact loop - seccondary side .
* L ]
(12 2]
* sgl - feedwater inlet annulus .

L 22 1]
* inlet to surge line .

[ 22 1]

4150000 insurge sngljun

4150101 420000000 400000000 1.3685¢-40.0 0.0
4150102 0100

4150201 1 00 00 00

SHE
* pressurizer bottom *

L2 1 2]

sae

5000000 sglfwia branch

5000001 2 1

5000101 119.51d-41402 00 00 500 -1.402
5000102 1.54-5 0.024 00

5000200 2 65.40d5 2.5d-5

5001101 555010000 500000000 119.51d-40.0 0.0
0100

5002101 500010000 510000000 119.51d-40.0 0.0
0000

5001201 6.032 0.0 0.0

5002201 810 00 0.0

A7-9



*

a0

* sgl - downcomer annulus *
. e - LT T T PP

(211 ]

5100000 sgldown annulus
5100001 20

5100101 119.514-4 20

5100201 119.51d-4 19

5100301 0.500 8

5100302 0.2500 12

5100303 0.1250 20

5100401 0.0 20

5100601 -90.0 20

5100701 -0.500 8

5100702 -0.2500 12

5100703 -0.1250 20

5100801 4.6d-5 0.024 20
5101001 00 20

5101101 0000 19

5101201 3 65.0d5 535.88 0.0 00 0.020
5101300 1

5101301 84 00 00 19

XSRSV EERERREEBVERREREREA SR LSRR RN KRB KRBT BRGS0 %
LE 2]

* sgl - adjustable throttle valve .

* controller used to set recirculation ratio .
£ 1) 321212 ]

E a1 1]

5200000 sglslva valve
5200101 510010000 530000000 119.51d-4 0.0 0.0
1100

5200201 1 81 00 .00
5200300 srvvlv

5200301 535

e
* sgl -riser section (including spacer grids) he

LS 2]

5300000 sglrise pipe
$300001 20

5300101 299.05d-4 20
5300201 299.05d-4 19
5300301 0.1250 8
§300302 0.2500 12
5300303 0.500 20

5300401 0.0 20

5300601 +90.0 20

5300701 +0.1250 8
5300702 +0.2500 12
5300703 +0.500 20
$300801 4.6d-5 0.024263 20
5300901 0.9384 09384 19
5301001 00 20

5301101 0000 19

5301201 2 65.0d5 0054 00 00 0012
5301202 2 65045 0.128 0.0 00 0016
5301203 2 65.0d5 0.197 00 0.0 0020
5301300 1

5301301 8.148 0252 00 15
5301302 7.413 0987 00 19

L 21 1]
* sgl -riser outlet *
* loss at top of u-tubes based on jacob's formula .

L2121 1

LA L L

§450000 sglrout branch

5450001 2 0

5450101 0.0 1.402 0.062843400 +90.0
5450102 +1.402 1.5d4-5 0.047395 00

5450200 2 65.4045 0.18

5451101 530010000 545000000 299.054-4 2.47 247
0100

5452101 545010000 550000000 314.62d40.0 0.0
0000

5451201 0.7371 2.9289 0.0

5452201 0.6137 3.4704 0.0

shos
* sgl - conical inlet section to separator *

eSO RS

Ll

5500000 sglsepin snglvol
5500101 0.0 1.105 0.034766 0.0  +90.0
5500102 +1.105 1.5d-5 0.112 00
5500200 2 65.40d5 0.216

PEEREERSRRSS

*x9%

* sgl - separator component (specified as abranch) *
» CESESRARE RS L SRR R EBRBENRSS

L2l

5520000 sglseptr branch
5520000 3 0

5520101-0.0 110 0.185637 0.0  +90.0
5520102 +1.10 1.5¢-5 0.169 00

5520200 2 65.4045 0.66
5521101 552010000 560000000 0.16876 0.0 0.0
0100

5522101 552000000 55500000000 .00 00 0100
5523101 550010000 552000000 98.52d-4 0.0 0.0
0000

5521201 0.0  0.37460 0.0

§522201 3.4330 1.02d-2 0.0

5523201 13097 17.055 0.0

212 ]
* sgl - outer annulus surrounding coarse separator .

L L 2] ""e

2842

5550000 sglspoa sngivol

5550101 0.0 1.105 0.11753 0.0 -90.0
5550102 -1.105 1.54-5 0.105 00
5550200 2 65.40d5 9.04-3

skke RS SER0 RS
£33 3]
* sgl - upper part of stcam dome *

Ll 1]

5600000 sglstdo branch

5600001 0 1

5600101 0.0 0.593 0.101573 0.0 +90.0
5600102 +0.593 1.5d-S 0467 00

5600200 2 65.4045 1.0

*¥es
* sgl-steamoutlet  isolation valve, staysopen *

%8

5620000 sglsout valve

5620101 560010000 564000000 3.7284-3 0.0 0.0
0100

5620102 1.0 10

5620201 1 0.0 21 00

5620300 trpvlv

5620301 522

e
* il sg safety valve opens to control sec-side pressure *

*2%8

5630000 ilsgsv valve

5630101 560010000 5670000001.5¢-3 1.5 1.5 0000

A7-10



5630201 1 00 00 00
5630300 trpviv
5630301 522

seans

L 22 1 g
* sgl -stecamline *

L L2 24 " L2 2 b L]

"%

5640000 sglsline sngivol

5640101 3.7284-3 65 00 00 +00
5640102 +0.0 2.3d-5 0.0689 00
5640200 2 65.40d5 1.0

SRROBESRERRE

(122824 L]

L2224

* common stcam discharge manifold
PRI TSI ESd 22 T2 222222 22 2 2217 %

L2l g

5650000 sgcommon branch

5650001 2 1

5650101 45.000d-420 00 00 00
5650102 2.3e-5 0.0761 11

5650200 2 65.40d5 0.9999

5651101 564010000 565000000 37.280d-4 0.5
0100

5652101 664010000 565000000 14.590d-4 0.5
0100

5651201 00 21 00

5652201 006 07 0.0

EEERRRIEENERIERRRIRRRES
L2 r L]

* sec-side prv dump volume

Lz 2]

5670000 sccpress tmdpvol
5670101 1.0 05 00 0.0 +90.0
5670102 +05 00 0.0 00
5670200 2 505

5670201 0.0 64.5d5 1.0
5670202 3.54 64.62d5 1.0
5670203 10.7 64.56d5 1.0
5670204 179 65.05d5 1.0
5670205 25.12 65.2d5 1.0
5670206 3228 65.08¢5 1.0
5670207 39.66 69.42d5 1.0
5670208 4681 704945 1.0
5670209 53.97 70.46d5 1.0
5670210 61.02 70.76d5 1.0
5670211 6840 71.03d5 1.0
5670212 755 71.1845 1.0
5670213 82.7 712545 1.0
5670214 90.09 713445 1.0
5670215 97.14 71.3845 1.0
5670216 1043 71.17d5 1.0
5670217 111.457 70.73d5 1.0
5670218 118.83 70.46d5 1.0
5670219 126.0 70.15d5 1.0
5670220 133.0 69.8d5 1.0
5670221 1404 69.53d5 1.0
5670222 147.57 €9.50d5 1.0
5670223 154.7 70.01d5 1.0
5670224 1619 70445 1.0
5670225 169.16 70.6d5 1.0
5670226 176.31 70.73d5 1.0

5670236 305.9

5670237 320.46
5670238 334.6

5670239 3492

5670240 363.5

5670241 377.94
5670242 392.1

5670243 42121
5670244 42837
5670245 497.65
5670246 584.37
5670247 675.78
5670248 778.9

5670249 864.5

5670250 989.58
5670251 1156.0
5670252 1343.0
5670253 1490.0
5670254 1614.5
5670255 1760.0
5670256 1927.0
5670257 2125.0
5670258 2312.0
5670259 2500.0
5670260 2644.0
5670261 2877.0
5670262 3073.0
5670263 3346.0
5670264 3606.0
5670265 3919.0
5670266 4153.0
5670267 4440.0
5670268 4635.0
5670269 5052.0
5670270 5273.0
5670271 5651.0
5670272 6067.7
5670273 6484.3
5670274 6848.9
e

70.75d5 1.0
70.57d5 1.0
70.3945 1.0
70.11d5 1.0
69.85d5 1.0
69.64d5 1.0
69.5d5 1.0
69.2645 1.0
69.38d5 1.0
68.7d5 1.0
67.845 1.0
67.02d5 1.0
66.01d5 1.0
65.1d5 1.0
63.44d5 1.0
61.32d5 1.0
59.0ds 1.0
57.0ds 1.0
55.6d5 1.0
539145 1.0
52445 1.0
50.74d5 1.0
49.2845 1.0
48.21d5 1.0
46.96d5 1.0
44.8445 1.0
433545 1.0
414545 1.0
40.39d5 1.0
38.28d5 1.0
37.01d5 1.0
3531d5 1.0
34,0445 1.0
315045 1.0
30.02d5 1.0
2748385 1.0
25.15d5 1.0
2240d5 1.0
19.86d5 1.0

L2 22

L2 R L2

* sgl - main feedwater system

(22 112222

(222222

L 22 1]

5700000 sglmfwv tmdpjun
5700101 572000000 500000000 15.0d-4

s

5700200 1 522  cntrlvar 560
5700201 00 00 00 0.0
570020230 3.0 00 00

S0

5720000 sglmfco tmdpvol

5720101 1.0 05 00 00 +90.0
5720102 +05 00 0.0

5720200 3 52

5720201 0.0  65.40d5 486.16

5720202 20000.0 65.43d5 486.16

408

sRRUERE

* sgl - auxiliary feedwater system

L L2

5740000 sglaffi tmdpjun

5670227 183.47
5670228 190.85
5670229 198.01
5670230 219.59
5670231 233.90
5670232 241.28
5670233 255.5

5670234 277.18
5670235 284.34

70.82d5 1.0
70.89d5 1.0
70.95d5 1.0
71.06ds 1.0
71.09d5 1.0
71.12d5 1.0
71.13d5 1.0
71.13d5 1.0
70.8845 1.0

5740101 576000000 500000000 14, 5896d-4
5740200 1 551

5740201 00 00 00 00

5740202 0.001 0.0565 00 0.0

5740203 5000.0 0.0565 0.0 0.0 * nostep

e

*85s

5760000 sglafco tmdpvol
5760101 1.0 05 00 00 4900
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5760102 +0.5 0.0 00 00
5760200 3 522

5760201 0.0  65.40d5 423.0
5760202 50000.0 65.40d5 423.0

%0k

* sg common discharge line .
SECREABRAPDERIER SR kRS 121 ]
(12 1]

5800000 sgflocv valve
5800101 565010000 582000000 4.500d4-3 0.0 0.0 0100
5800201 1 00 28 00
5800300 srvvlv

5800301 526 580

] L 21 ]

L1 12

* condenser *
- %0 e R (1)
2208

5820000 condensr tmdpvol

5820101 1.0 05 00 00 +00

5820102 +0.0 00 00 11

5820200 2 522

5820201 0.0 60.0d5 1.0

5820202 20000.0 1.013d5 1.0

" TIT ) SRR E

*%k8

* »
* broken loop steam generator - secondary side *
» .

axROREe ®
*$858

* sg2 - feedwater inlet annulus *

ERORNERB XX ERR SRR SN R RV E LSRRV ERR LSS X R ERELRRE S SR
288

6000000 sg2fwia branch

6000001 2 1

6000101 39.584d-41.304 00 00 -90.0

6000102 -1.304 1.5d-5 0012 00

SXRESRERRB RS

6000200 2 65.40d5 2.5d-5

6001101 655010000 600000000 39.584d-40.0 0.0
0100

6002101 600010000 610000000 39.584d-40.0 0.0
0000

6001201 19527 0.0 0.0
6002201 2.6413 00 0.0

L 12 .
*08%

* sg2 - downcomer annulus .

(21 % ]

6100000 sg2down annulus
6100001 10

6100101 39.584d-4 10

6100201 39.58444 9

6100301 1.000 4

6100302 0.500 6

6100303 0250 10

6100401 0.0 10

6100601 900 10

6100701 -1.000 4

6100702 -0.500 6

6100703 -0.250 10

6100801 4.6d-5 0.012 10
6101001 00 10

6101101 0000 9

6101201 3 65.0d5 535.83 00 0.0 0010
6101300 1

6101301 28 00 00 9

E2 2 2

* sg2 - adjustable throttle valve *

* controller used to set recirculation ratio *

sk

6200000 sg2slva valve
6200101 610010000 630000000 39.584d4 0.0 0.0
1100

6200201 1 26413 00 0.0

6200300 srvvlv

6200301 635

*RERRES *k%ss PEERESEERER
kR

* sg2 - riser section (including spacer grids) .

LEE 1] [T 122 ]
SEE%
6300000 sg2rise pipe
6300001 10
6300101 94.947d-4 10
6300201 94.947d4 9
6300301 0.2500 4
6300302 0.500 6
6300303 1.000 10
6300401 0.0 10
6300601 +90.0 10
6300701 +0.2500 4
6300702 +0.500 6
6300703 +1.000 10
6300801 4.6d-5 0.016403 10
6300901 0.8513 0.8513 9
6301001 00 10
6301101 0000 9

6301201 2 63.0d5 0057 00 00 006
6301202 2 63.0d5 0.128 00 00 008
6301203 2 63.0d5 0200 0.0 00 0.010
6301300 1

6301301 2.716 0.084 00 7
6301302 2471 0329 00 9

L2111
i1

* sg2 - riser outlet .

skdd et L]

sEER

6450000 sg2rout branch

6450001 2 0

6450101 0.0 1304 0.02306380.0 +90.0
6450102 +1.304 1.5d-5 0.05308 00

6450200 2 65.40d5 0.169

6451101 630010000 645000000 94.947d-40.394 0.394
0100

6452101 645010000 650000000 109.12d-40.0 0.0
0000

6451201 0.34394 2.8992 0.0

6452201 0.53715 3.4805 0.0

*R88

* sg2 - conical inlet section to separator .
s L 21

1258

6500000 sg2sepin snglvol

6500101 0.0 1.128 0.012309 00 +90.0
6500102 +1.128 1.5d-5 0.065 00

6500200 2 65.40d5 0.239

PYYT ]

L2212 ]

* sg2 - separator component, specificd as a branch *

see

6520000 sg2septr branch

6520001 3 0

6520101 0.0 1.10 0.059052100 +90.0
6520102 +1.10 1.5d-5 0.103 00

6520200 2 65.40d5 0.66
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6521101 652010000 660000000 0.05368 0.0 0.0
0100

6522101 652000000 65500000000 0.0 0.0 0100
6523101 650010000 652000000 33.183d-40.0 0.0
0000

6521201 0.0  0.31982 0.0

6522201 2.7663 1.08d-2 0.0

6523201 1.4385 13959 0.0

20k [ 21112 ) EEEBEEDREERENEREN RSB RREBES
L L 2]

* sg2 - outer annulus surrounding coarse separator .
BEEEDEEES L2 24 RESREBEVERERERSRRNE

sx%e

6550000 sg2spoa snglvol

6550101 0.0 1.128 0.0378 0.0 -90.0
6550102 -1.128 1.5d-5 0.035 00
6550200 2 654045 9.0d-3

SRS SRRESPESERNEENRRSREE RS
ek

* sg2 - upper part of steam dome *

P ST EZ I TSI RS 22 2R 22220222 22 E2 E 221222 2]
L2224

6600000 sg2stdo branch

6600001 0 1

6600101 0.0 0.681 0.03899110.0 +90.0
6600102 +0.681 1.5d-5 0270 00

6600200 2 65.40d5 1.0

SRERRREIR AR RBNSRERR R RSN EREERSSSOEREIEERD LR REE RS
L 21 1]

* sg2 -stecamoutlet  isolation valve, staysopen  *

ERNER SRR A RSN BV ERRRES [ 221 1] *

*eRE

6620000 sg2sout valve

6620101 660010000 664000000 1.459d-3 0.0 0.0
0100

6620102 1.0 10

6620201 1 00 07 00

6620300 trpvlv

6620301 522

L1 L1 [ 111 L ]

2889
* bl sg safety valve opens to control sec-side pressure®

S

6630000 bisgsv valve

6630101 660010000 6670000000.5d-3 1.5 1.5 0000
6630201 1 00 00 00

6630300 trpvlv

6630301 522

L2 24

ek
* sg2 - steam line *

122 ]

6640000 sg2sline snglvol

6640101 1.4594-3 58 00 00 +0.0
6640102 +0.0 2.3d-5 0.0431 00
6640200 2 65.40d5 1.0

6%

* sec-side prv dump volume®

L2 1]

6670000 atmos tmdpvol

6670101 10 05 00 0.0 +50.0
6670102 +05 00 00 00
6670200 2 505

6670206 3228 65.08d5 1.0
6670207 39.66 69.42d5 1.0 .
6670208 46.81 70.49d5 1.0
6670209 53.97 70.46d5 1.0
6670210 61.02 70.76d5 1.0
6670211 6840 71.03d5 1.0
6670212 75.5 71.1845 1.0
6670213 82.7 71.25d5 1.0
6670214 90.09 71.34d5 1.0
6670215 97.14 71.38d5 1.0
6670216 1043 71.17d5 1.0
6670217 111.457 70.73d5 1.0
6670218 118.83 70.46d5 1.0
6670219 126.0 70.15d5 1.0
6670220 1330 69.8d5 1.0
6670221 1404 69.53d5 1.0
6670222 147.57 69.50d5 1.0
6670223 154.7 70.01d5 1.0
6670224 1619 70.4d5 1.0
6670225 169.16 70.6d5 1.0
6670226 176.31 70.73d5 1.0
6670227 183.47 70.82d5 1.0
6670228 190.85 70.89d5 1.0
6670229 198.01 70.95d5 1.0
6670230 219.59 71.06d5 1.0
6670231 23390 71.09d5 1.0
6670232 24128 71.12d5 1.0
6670233 255.5 71.13d5 1.0
6670234 277.18 71.13d5 1.0
6670235 284.34 70.88d5 1.0
6670236 3059 70.75d5 1.0
6670237 32046 70.57d5 1.0
6670238 3346 70.39d5 1.0
6670239 349.2 70.11d5 1.0
6670240 363.5 69.85d5 1.0
6670241 377.94 69.64d5 1.0
6670242 392.1 69.545 1.0
6670243 421.21 69.26d5 1.0
6670244 42837 69.38d5 1.0
6670245 497.65 68.7d5 1.0
6670246 584.37 67.8d5 1.0
6670247 675.78 67.02d5 1.0
6670248 7789 66.01d5 1.0
6670249 864.5 65.1d5 1.0
6670250 989.58 63.44d5 1.0
6670251 11560 61.32d5 1.0
6670252 1343.0 59.0d5 1.0
6670253 1490.0 57.0d5 1.0
6670254 1614.5 55645 1.0
6670255 1760.0 53.91d5 1.0
6670256 1927.0 52445 1.0
6670257 2125.0 50.74d5 1.0
6670258 2312.0 49.2845 1.0
6670259 2500.0 48.21d5 1.0
6670260 2644.0 46.96d5 1.0
6670261 2877.0 44.8445 1.0
6670262 3073.0 433545 1.0
6670263 33460 41.45d5 1.0
6670264 3606.0 40.39d5 1.0
6670265 3919.0 38.28d5 1.0
6670266 4153.0 37.01d5 1.0
6670267 4440.0 353145 1.0
6670268 4635.0 34.04d5 1.0
6670269 5052.0 31.50d5 1.0
6670270 5273.0 30.02d5 1.0
6670271 5651.0 27.48d5 1.0
6670272 6067.7 25.15d5 1.0

6670201 0.0
6670202 3.54
6670203 10.7
6670204 17.9

64.5d5 1.0
64.62d5 1.0
64.56ds 1.0
65.05d5 1.0

6670205 25.12 65245 1.0

6670273 6484.3
6670274 63439

L2 22 ]

* sg2 - main feedwater system



888

6700000 sg2mfwv tmdpjun

6700101 672000000 600000000 6.0d-4
6700200 1 522  cntrlvar 660
6700201 00 0.0 00 00
6700202 1.5 15 00 00

*2RSER%Y
e

6720000 sg2mfco tmdpvol

6720101 10 05 00 00 +90.0
6720102 +0.5 00 00 0O
6720200 3 522

6720201 0.0  65.40d5 482.16

6720202 20000.0 65.40d5 482.16

S0EESRe kR B R O RES R
22 L]

* sg2 - auxiliary feedwater system .

SESVEER GRS BORREREAEBSERREREBAB R LSS R RN EX RN ERSERRS DS
ke

6740000 sglaffl tmdpjun

6740101 676000000 600000000 6.3794d-4
6740200 1 551

6740201 00 0.0 0.0 0.0

6740202 0.001 0.0195 00 0.0

6740203 50000 00195 0.0 0.0 * nostcp

SRRERXVRHEREEES xk% '11]
L2 1L

6760000 sg2afco tmdpvol

6760101 1.0 05 00 0.0 +90.0
6760102 +0.5 00 0.0 00
6760200 3 LY .»]

6760201 0.0  65.40d5 433.0

6760202 50000.0 65.40d5 433.0

Shne SR EREN L i i1]]

SRESEERS

[ 122 ]

* accumulator injection system - intact loop .
SEEERXRSL RO RER RS X 02RO RERRRREPELAREE SRS RN R SRR
328

7100000 accuilcl accum

7100101 0.0 4580 266.61d-30.0 +90.0
7100102 +4.580 23d-5 0.0 10 *** rSml
7100200 37.5d5 298.0 .

7101101 720000000 4.830d4 2.0 20 0

7102200 127.0d4-3 0.0 0.925 +0.0 0.010 0 0.0 0.0 0.0

CERFELRSEEERE VLR ERERBN R RN RREVERN R RS E SRR S REREIR
L il 1]

* accu il - dividing branch to hot & cold leg feed-lines *

*R2e

7200000 accudivl branch

7200001 0 0

7200101 4.831d-4 1.000 0.0 0.0 -90.0
7200102 -1.0 1.5d-5 0.0248 00
7200200 3 37545 4000

*e88
* isolation valve for hot leg injection line .

sEe8

7220000 achlvivi valve

7220101 720010000 72400000000 00 0.0 0020
7220201 1 00 00 00

7220300 trpviv

7220301 S11 * valve stays shut

SR
* accu il hot leg feed-line, turbine flow meter section *

*809
7240000 achlturi pipe
7240001 2

7240101 4.831d4 2
7240201 4.831d4 1
7240301 3.34 1
7240401 00 2
7240601 90.0 1 00 2
7240701 -3.84 1 00 2
7240801 1.58-5 0.0248 2
7240901 80 80 1
7241001 00 2

7241101 0020 1

147 2

7241201 3 158.00d+5 4600 0.0 0.0 0.02
7241300 1

7241301 00 00 0.0 1

s esseane s

L1 12}

* accu hot leg feed-line orifice (nom8.8 mmdia) *
E1 222} T

*0%E

7260000 achlori sngljun

7260101 724010000 72800000000 1150 1150
7260102 0120

7260201 1 0.0 00 00

ERRRERCRRESERSRRD TEREEOEES
L2 2]

* accu il hot leg feed-line, orifice to upper plenum  *
ek S kRAES

L 22 1]

7280000 achlinjl pipe
7280001 1

7280101 4.831d-4 1
7280301 3.87 1

7280401 00 1

7280601 -29.57 1
7280701 -1910 1
7280801 1.5d-5 0.0248 1
7281001 00 1

7281201 3 158.00d+54630 00 0.0 001

SEEREBRES
kR

* accu hot leg injection point (into upper plenum)  *
*ERRERREES "
8%

7300000 . achlupi sngljun

7300101 728010000 350010000 4.831d-4 300 30.0
7300102 0020

7300201 1 00 00 0.0

PTT ) PTY ]

sk

7320000 acclvivi valve )
7320101 720010000 734000000 9.616d-6 0.0 0.0 0120
7320201 1 00 00 00

7320300 mtrvlv

7320301 602 502 2. O.

P2l ]
* accu il cold leg feed-line, turbine flow meter section *

20E8

7340000 acclturb pipe

7340001 2

7340101 4.831d4 2

7340201 4.831d4 1

7340301 3.84 1 130 2
7340401 0.0 2

7340601 -90.0 1 00 2
7340701 -3.34 1 00 2
7340801 1.5d-5 0.0248 2
7340901 80 80 1

7341001 00 2
7341101 0020 1
7341201 3 158.00d+54600 00 00 0. 2

7341300 1
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7341301 00 00 00 1

[ 2] L L2 "

308

* accu cold leg feed-line orifice (nom 8.1 mm dia) *
* use pipe arca = 4.831d-4 with calculated loss coeffs. *

EE L 2]

7360000 acclori sngljun

7360101 734010000 738000000 4.831d4 950 950
7360102 0120

7360201 1 00 00 00

SRREREERRBEREIREROEE R kN [EE 221 ]

L2122

* accu il cold leg feed-line, orifice to cold leg *

LRSI IS EI 2SI E2 1L 2] ) [ 12 1) """
L1 L]

7380000 acclinjl pipe

7380001 1

7380101 4.831d-4 1

7380301 3.255 1

7380401 00 1

7380601 -3593 1

7380701 -1.910 1

7380801 1.5d-5 0.0248 1

7381001 00 1

7381201 3 158.00d+5463.0 0.0 0.0 0. 1

SN EENEEXVERES ek EEESERELLNRRES
[ 2214

* accu cold leg injection point into cold leg, rpv inlet *
SEE0IRASARRRIEREREI IS I REERR RS ENREER SRRSO S¢2R

0
7400000 acclrpvi sngljun
7400101 738010000 145000000 4.831d4 8.0 8.0 *15.0

15.0
7400102 0020
7400201 1 00 00 00
[ 1] *he
%98
* accumulator low level trip control logic .

Ll L2 ]

20571000 accuflo] integral 1.0 00 1
20571001 mflowj 710010000
.

20571100 ligmassl sum 092 00 1
2057110100  211.8d-3 rhof 720010000

7500200 27.00d+5 298.00
7501101 7600000002.011d4 20 20 O
7502200 61.00d-3 0.0 0.130 +0.0 0.005 0 0.0 0.0 0.0

0 L 12 L] PEEERRERRREDESRIEROREER
EL 22 ]

* accu bl - dividing branch to hot & cold leg feed-lines *
sk RERRELEREREE

L L2

7600000 accudiv2 branch

7600001 0 0

7600101 2.011d4 2000 00 00 -90.0
7600102 2.0 1.54-5 0.0160 00

7600200 3 27.0d5 400.0

L L2 13

* isolation valve for hot leg injection line .
L4 Ve RN (1]

8%

7620000 achlvivb valve

7620101 760010000 76400000000 0.0 0.0 0020
7620201 1 00 00 00

7620300 trpvlv

7620301 511 * valve stays shut

[EE2 2222 1)
seer )
* accu bl hot leg feed-line, turbine flow meter section *
SEOREERS RN ENREER LR REE R XA RSO ERERL NSRS EBXERER S
L 22 L

7640000 achlturb pipe
7640001 2

7640101 2.011d-4 2

7640201 2.011d-4 1

7640301 2698 1 0852 2
7640401 0.0 2

7640601 900 1 00 2
7640701 2698 1 00 2
7640801 1.5d-5 0.0160 2
7640901 20 20 1

GERURPERERRE ARV 2SR %R

7641001 00 2
7641101 0020 1
7641201 3 158.004+54600 00 000. 2
7641300 1
7641301 00 00 00 1
ensns e

S8
* accu hot leg feed-line orifice (nom 5.3 mmdia) *

e (L2 L L] e
e

* accu trip pressure corrections .

(111 ]

20571200 dpaccufl sum  9.80665 00 1
2057120100 229 rho 710010000
20571202 1.0 rho 720010000
20571203 384 rho 734010000
20571204 191 rho 738010000

L J

20571300 dpacclp sum 10 00 1
2057130100 10 p 710010000
20571302 10  cntrlvar 712

*20571303 10 p 305010000

20571303 <10 p 145010000

L1 L2 ]

. » .
* accumulator injection system - broken loop .
] *

7500000 accub! accum
7500101 0.0 4.794 94.35d-3 00 +90.0
7500102 +4.794 23d-5 00 10 *** rSml

El 1]

7660000 achlorb sngljun

7660101 764010000 7680000000.0 1300 1300
7660102 0120

76602001 00 00 00

(222 2 2

%

* accu bl hot leg feed-line, orifice to upper plenum  *

L1 2 1]
7680000 achlinjl pipe
7680001 2

7680101 2.011d4 1 7.0884-5 2
7680201 7.0884-5 1

7680301 1.870 1 1.845 2
7680401 0.0 2

7680601 -32.33 1 -28.13 2
7680701 -1.00 1 0.870 2

7680801 1.5¢-5 0.0160 1
7680802 1.5d-5 0.0095 2
7680901 00 00 1

7681001 00 2
7681101 0020 1
7681201 3 158.00d+54630 00 000. 2

7681300 1
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7681301 0.0 00 00 1

e * REREEY 5%
e

* accu hot leg injection point (into upper plenum) *
e BREN ] LI 2] % *®

ek

7700000 achlupb sngljun

7700101 768010000 350010000 7.088d-5 2.5 2.5
7700102 0020

7700201 1 00 00 00

R0 RRREREE
*aee

* isolation valve for cold leg injection line .
SRRXEABRORR R SRR SR

*eke

7720000 acclvivb valve

7720101 760010000 77400000000 00 0.0 0020
7720201 1 00 00 00

7720300 wpvlv

7720301 511  *** valve stays shut

RN EREPEAABEE RS RN R R RS ELIEEA RS
L2 2 1]

* accu bl cold leg feed-line, turbine flow meter section *
SRR REBVRN OSSN ERSER SRR DERNEE RSB EERR SRR C KBS ER S
L1 21

7740000 acclturb pipe

7740001 2

7740101 2.011d-4 2

7740201 2.011d-4 1

7740301 2.698 1 0852 2
7740401 0.0 2

7740601 900 1 00 2
7740701 -2.698 1 00 2
7740801 1.5d-5 0.0160 2
7740901 20 20 1

7741001 00 2

7741101 0020 1

7741201 3 158.00d4+54600 00 000. 2
7741300 1 :

7741301 00 00 00 1

*e 3 L L L 2

(2 11]

* accu cold leg feed-line orifice (nom 5.0 mm dia) *
-8 shsd »

L2 1 1]

7760000 acclorb sngljun

7760101 774010000 77800000000  160.0 160.0
7760102 0120

7760201 1 0.0 00 0.0

Il 1]

* accu bl cold leg feed-line, orifice to cold leg *
[ 1] L 2 2

(112}

7780000 acclinjb pipe

7780001 1

7780101 2.011d-4 1

7780301 2.8370 1

7780401 00 1

7780601 -40.66 1

7780701 -1.870 1

7780801 1.54-5 0.0160 1

7781001 00 1

7781201 3 158.004+5463.0 00 000. 1

588
* accu cold leg injection point into cold leg, rpv inlet *

7800201 1 00 00 00

seen
* L]

* lower pressure injection system

PTIL]

SR

8000000 hpistank tmdpvol

8000101 1.0 10 00 00 -900
8000102-1.0 00 00 10
8000200 3

8000201 0.0 1.0d5 303.0

*

8100000 hpispump tmdpjun

8100101 300000000 145000000 1.131d-4
8100200 1 688  cntrivar 805
8100201 00 00 00 00
8100202 200.0 2000 00 0.0

SRR EEREERBER RS R ERBERRERLRR SR ER SR
L2 L L]

*
»

*®

*

*  break & pressurizer porv containment volumes *
* *

*

AERRBSREENER AR EREO RO SRS %N t 41 ]
EL1 T L]

* containment volume 1 - not scaled — .

HE ARV B EREREEBREXIERRERSEEDEX SN RSESEARESRERE R SRS
*ken

9000000 contvol tmdpvol

9000101 1.0 1.0 00 00 -90.0
9000102 -1.0 00 00 00
9000200 2

9000201 0.0 1.0d+5 1.0

(1211 ]
(1111
* containment volume 2 — not scaled — he
TR RREN (222 1]
*+2£9010000 contvob tmdpvol
9010101 10 10 00 00 -500
9010102 -10 00 0.0 00
9010200 2
9010201 0.0 1.0d+5 1.0

L il

[TT1) [T
SRES

* containment volume 3 - not scaled — .

8 Lt 1]

L L L]

9100000 contvo2 tmdpvol

9100101 10 10 00 00 9.0
9100102 -10 00 00 00
9100200 2

9100201 0.0 1.0d+5 1.0

LE L2 ]
* main break assembly - *

E L2 2]

9500000 mainori valve

* simulates a leak in the pcs

9500101 240010006 900000000 7.0686d-6 1.25 1.25
0100

9500102 1.00 0.95

9500201 1 00 00 00

9500300 mtrvlv

9500301 505 S11 025 00 150

L2 22 ]

7800000 accirpvd sngljun

7800101 778010000 260000000 2.011d-4 10.0 10.0
7800102 0020

SRS

L] *
* »
. pump data *
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L

®
SENERXPRRSERDEREIEREERESRA AR
sse8

* »

* single phase head curves - lobi tech. note 1.06.01.79.80 *

* -
BORREEERERERRE RS RS EREE L] L2
LLL 2]

¢ head curve no. 1 *
SERERELNRERAERBENREARRRXEDEIRRNEREPREBR SRR R IR RRES
2ERe

1351100 1 1
1351101 0.00 1.055
1351102 0.05 1.064
1351103 0.10 1.079
1351104 020 1.102
1351105 030 1.120
1351106 040 1.131
1351107 0.50 1.131
1351108 0.60 1.123
1351109 0.70 1.104
1351110  0.80 1.0785
1351111 090 1.043
1351112 1.00 1.000

. LL 2] . 2EENDERE
2958
* head curve no. 2 .
205 (22 % .
sERe
1351200 1 2

1351201 0.00 -0.780
1351202 0.10 -0.6285
1351203 020 -0.478
1351204 031 -0.308
1351205 040 -0.169
1351206 0.5015 0.0
1351207 0.60 0.173
1351208 0.70 0.365
1351209 0.80 0.556
1351210 0.90 0.768
1351211 0.95 0.881
1351212 1.00 1.00

sEEERRE

SPEERIEERERNE

L2113

* head curve no. 3 *
BESEEIRENESERNBRENREREEHEERD sERE
L1 L]

1351300 1 3
1351301 -1.00 2.110
1351302 -0.90 1927
1351303 -0.80 1.759
1351304 -0.70 1.6105
1351305 -0.60 1.489
1351306 -0.50 1.380
1351307 -0.40 1282
1351308 -0.30 120
1351309 020 1.133
1351310 -0.10 1.0805
1351311 0.0 1.055

[ 22 2]
¢ head curve no. 4 .

s

1351400 1 4

1351401 -1.00 2.11
1351402 -0.90 1.862
1351403 -0.80 1.65
1351404 -0.70 1474
1351405 -0.60 1.332
1351406 -0.50 1212

1351407
1351408
1351409
1351410
1351411

-0.40 1.105
-0.30 1.002
-0.20 0.911
-0.10 0.830
0.0 0.761

*he kR
e s

L 24

* head curve no. 5
ERERCERDNRERRE R RN RREIRSAEXCRRRRRERRLA SR RS ARER RS RS

L2142

1351500
1351501
1351502
1351503
1351504
1351505
1351506
1351507
1351508
1351509
1351510
1351511
1351512

1 5

00 0424
0.1 0489
0.20 0.543
0.30 0.603
040 0.660
0487 0.702
0.5 0.7305
0.65 0.762
0.75 0.789
0.85 0.828
0.95 0.901
1.00 0.948

[ 22 1]

FERRXBRFRERXORREN RS ERFRRR G RRESRERER LR LEREEERRON S

e

* head curve no. 6

*PERN
e

1351600
1351601
1351602
1351603
1351604
1351605
1351606
1351607
1351608
1351609
1351610
1351611

1 6

SRR REEEEEES

e

* head curve no. 7

[ 2]

*E0%

1351700
1351701
1351702
1351703
1351704
1351705
1351706
1351707
1351708
1351705
1351710

1 7
-0.60 -0.283
-0.50 -0.147
-0.45 -0.081
£0.384 0.0
-0.30 0.106
<025 0.170
020 0233
<0.15 0.250
<0.10 0.3395
0.0 0424

L L L
]

* single phase torque data
L ]

*$88

* torque curve no. 1

e

1351800
1351801
1351802
1351803
1351804
1351805

2 1

0.0 0439
0.05 0.442
0.10 0.460
020 0515
030 0.5825
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1351806 0.40 0.647 1352210 085 0.409

1351807 0.50 0.706 1352211 095 0.549
1351808 0.60 0.764 1352212 1.00 0.630
]35]809 0.70 0.823 SERREEXRERRCERENERO XS SREPERSRREN KRS RS
1351810 0.80 0.882 seee
1351811 0.90 0.9415 * torque curve no. 6 *
1351812 1.00 1.00 LI 52 SRRSERSLEIRRIERELEERIRINSE

kSRR % LIt 22 ] (2221 ) nEe
bt 1352300 2 6
* torque curve no. 2 * 1352301 0.0 0.984
bbb it hid * 1352302 0.10 0.9505
g 1352303 020 0.929
1351%00 2 2 1352304 0.30 0.905
1351901 0.00 -0.518 1352305 040 0.873
1351902 0.10 -0.350 1352306 0.50 0.840
1351903 020 -0.184 1352307 0.60 0.802
1351904 031 0.0 1352308 0.70 0.761
1351905 0.40 0.151 1352309 0.80 0.7205
1351906 0.5015 0.320 1352310 0.90 0.678
1351907 0.60 0.464 1352311 1.00 0.630
1351908 0.70 0.5985 e LTI a2 DI LT R P2 P s 1)
1351909 0.80 0.731 b
1351910 095 0.9305 * torque curve no. 7 *
1351911 1.00 1.00 SAAREREEAEFEEEREESSEENIY
0SB PBREUE S [ L2 ] rExE
b 1352400 2 7
* torque curve no. 3 . 1352401 -0.60 -1.59
EX0RROKkEREREBERERD (1 1] *% *® 1352402 _0.50 _1'39
b 1352403 -045 -1.297
1352000 2 3 1352404 -0.384 -1.18
1352001 -1.00 1.182 1352405 -0.30 -1.040
1352002 -0.90 1.037 ) 1352406 -0.25 -0.956
1352003 -0.80 0911 . 1352407 -0.20 -0.870
1352004 -0.70 0.304 1352408 -0.15 -0.7905
1352005 -0.60 0.712 1352409 -0.10 -0.716
1352006 -0.50 0.632 1352410 -0.05 -0.640
1352007 -0.40 0.567 1352411 0.0 -0.569
1352008 -0.30 0.513 hihd A
1352009 -020 0.473 Y
1352010 0.0 0439 . *

s rane * two-phase multiplier data - based on lobi pump data  *
(122 ] * *
* torque curve no. 4 * bl
EEERRRRREVEBSERENRSEEERNEREBEVREBSERERARRRE ORI RSN i 2 2]
M * head multiplier *
1352100 2 4 s eee
1352101 -1.00 1.182 b
1352102 -0.90 1.120 1353000 ¢
1352103 -0.830 1.093 1353001 0.00 0.00
1352104 -0.70 1.104 1353002 020 0.00
1352105 -0.60 1.240 1353003 043 1.00
1352106 -0.50 1.323 1353004 0.836 1.00
1352107 -0.40 1.3400 1353005 1.00 0.00
1352108 -0.30 1.256
1352109 -0.20 1.122 s
1352110 -0.10 1.041 * torgue curve - basedonsexmscalepump(seepg-r-7708 .
1352111 0.0 0.584 * by m. s. sahota)
L 122 *8e8
* torque curve no. § . 1353100 ©
g 1353101 0.0 0.0

g 1353102 0.15 00
1352200 2 5 1353103 024 056
1352201 00 -0.569 1353104 0.80 0.56
1352202 0.10 -0.439 1353105 096 045
1352203 020 -0318 1353106 1.00 0.0
1352204 030 -0202 shane el
1352205 0.40 -0.098 A
1352206 0.487 0.0 . . .
1352207 055 0.0695 * pump 2-phase difference data - computed from lobn *
1352208 0.65 0.173 * tech. note no. 1.06.01.79.80 and
1352209 0.75 0284 * techn. note no. 1.06.01.81.13 d
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*

L2 1 L

L2 24

* head curve no. 1 , .

(1121 ]

PREVERABEIES

L]
[ 2 11

1354100
1354101
1354102
1354103

1354104

1354105
1354106
1354107

1

1

114
810
773

-.828

816

VREEENERERRER

L2 2 1]

* head curve no. 2 *

SEERDRLEORR S RN ERNERRR SRS

b2 2 2

1354200
1354201
1354202
1354203
1354204
1354205
1354206

1

0.7
1.00

SOERASRRNREEREE LR NSNS

2
220
2285
248
0.329
0.477
0.816

L 221

Li2 2 21 ]
L1 22

* head curve no. 3 *

s

L b2 L ]

s9%R

1354300
1354301
1354302
1354303
1354304
1354305
1354306
1354307
1354308

2EPEEIRRE

-0.820
-1.4910
-1.670
-1.780
-1.50
-1.137
-0.585
165

1354604 06 -173
1354605 0.8 -331
1354606 1.0 -481

L2111
* head curve no. 7

ERERERNERNRERRERRRIREREEIENE

(111

1354700 1 7
1354701 -0.6 .7970
1354702 -04 .5092
1354703 0.2 233
®0

*a e

'Y 3

LL L2
* torque curve no. 1

EEERSEREXROERDEEDEREEN X ES SRS

sEES

1354800 2 1
1354801 0.0 .54
1354802 0.2 .59
1354803 04 65
1354804 0.6 .77
1354805 0.8 .95
1354806 09 .98
1354807 095 .96
1354808 1.0 .87

x®

i1 L ]
* torque curve no. 2

FERERERREERNERISLRIERREI SRS SR EFEBRERBNELBEIRERERAE

ek

1354900 2 2
1354901 0.0 -.15
1354902 02 .02
1354903 04 22
1354904 06 46
1354905 08 .71
1354906 09 .81
1354907 095 .85
1354908 1.0 .87

s

221 L]
*Ee

* head curve no. 4 .

288

1354400
1354401
1354402
1354403
1354404
1354405
1354406

1
-1.00
0.70
-0.50
-0.30
-0.10
0.00

4
-0.820
-0.186
-0.058
0.018
-0.030
0.039

L 22 2]
* torque curve no. 3

sERs

1355000 2 3

1355001 -1.0 .62
1355002 -0.8 .68
1355003 -0.6 .53
1355004 0.4 .46
1355005 02 .49
1355006 0.0 .54

*»

L2 1 2]

* head curve no. §

PEee
* torque curve no. 4

Ll ]

1354500 1 S5
1354501 00 -046
1354502 02 -366
1354503 04 -580
1354504 06 -.6805
1354505 08 -676
" ok
e
* head curve no. 6 .
e
9%
1354600 1 6
1354601 0.0 -.039
1354602 02 -.066
1354603 04 -.097

e

1355100 2 4

1355100 -1.0 .62
1355102 -0.8 .53
1355103 0.6 .46
1355104 04 42
1355105 0.2 .39
1355106 0.0 .36

[ 2]

L 122
* torque curve no. 5

L2 2 L]

1355200 2 5
1355201 0.0 -63
1355202 02 -S51
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1355203 04 -39
1355204 06 -29
1355205 08 -20
1355206 09 -.16
1355207 1.0 -13

RN sRN "kese
2e%e

* torque curve no. 6 *
» SRR ERNEENESS SRR RSN RN EREE

seRR

1355300 2 6

1355301 00 .36
1355302 02 .32
1358303 04 27
1355304 06 .18
1355305 0.8 .05
1355306 1.0 -.13

L2 2222 L L2 L i1 ]
*E%s

* torque curve no. 7 *
L1 2L 1] » SRR SEREER U RS EREEROER DRSS

0P

1355400 2 7

1355401 -1.0 -1.44
1355402 -0.8 -1.25
1355403 -0.6 -1.08
1355404 -04 -092
1355405 -02 -0.77
1355406 0.0 -0.63

" . EXCREREROBREREZBIER SN

el 2
* L
* pump speed-time curves *
L ] *
* FEREEERDRRRERBERD B SNERIEERE

Rk

* intact & broken loop pump speed-time curve *
*e » [ 1215 L 122
*sde

20213500 reac-t
20213501 0.00 1.00
20213502 0.5 0.75
20213503 1.0 0.5
20213504 1.5 0.25
20213505 2.0 0.0
20213506 100000 0.0

] L2 1] [ 23] L
L 222
. 1 ]
L] *
* core heat structures *
. *
. *
s
L2 L]
* lower power connection - cables ni-201 .

P ]

2588

13251000 1 5 2 1 0.0

132511000 1

13251101 4 0.002257

13251201 4 4

1325130110 - 4

13251401 640.0 1 639.132 636.753 632.68 4 627.0 5
13251501 0 0 0 1 2496 1

13251601 325020000 0 1 1 2496 1
13251701100 0.047 00 00 1

13251901 0.1015 0390 0.390 0. 0. 0. 0. 1. 1

2L L]
* Jower extension of heater rods ni-201 .

- 13353601 335030000 10000 1 I

2988

13341000 1 5 2 1 0.0
133411000 1

13341101 4 0.005375

13341201 4 4

13341301 1.0 4

13341401 575.00 5

13341501 0 0 0 1 128 1
13341601 335010000 0 1 1 128 1
13341701100 0005 00 00 1
13341901 0.01502 020 0200.0.0. 0. 1. 1

BAREERSRXLEBRERRESREN

EL L 2]
* heated length - lower section st-1.4948 *
P e IIEET T
P22 2

13351000 1 5 2 1 0.003225

13351100 ¢ i

133511014 0.005375

13351201 3 4

13351301 1.0 4

13351401 605.73 1 604.192 599.843 592964 583.7 §
13351501 0 0 0 1 26368 1
13351601 335010000 0 1 1 26368 1
13351701100 0065 00 00 1

13351901 0.01502 0.412 0412 0. 0. 0. 0. 1.1

ke [ 2211} L2 1

ek

* heated length - lower intermediate section st-1.4948 *
SEXOSEESRCRRBEEERENREERESRSEBEERNR SN EEXEERNIEREERES
L2 13

13352000 1 5 2 1 0.003875

133521000 1
13352101 4 0.005375
13352201 3 4

1335230110 4

13352401 612.64 1 611292 607.383 601.1 4 592.525
13352501 0 0 0 1 42432 1
13352601 335020000 0 1 1 42432 1
13352701 100  0.144106 0.0 00 1

13352901 0.01502 0.663 0.663 0. 0. 0. 0. 1. 1

*%e8
* heated length - middle section st-1.4948 *

kXSRS ER

ke

13353000 2 5 2 1 0.004175
133531000 1

13353101 4 0.005375

133532013 4

1335330110 4

13353401 622.77 1 621.492 617.753 611.694 603.4 5
133535010 0 0 1 56.00 2

5600 2
13353701100 02255 00 00 2

13353901 0.01502 0.875 0.8375 0. 0. 0. 0. 1. 2

L2 2 1

498

* heated length - upper intermediate section st-1.4948 *

2558

133550001 5 2 1 0.003875
133551000 1

13355101 4 0.005375

133552013 4

1335530110 4

13355401 631.77 1 6304 2 626.5 3 620.2 4 6116 5
13355501 0 0 0 1 42432 1
13355601 335050000 0 1 1 42432 1
13355701100 0142 00 00 1

13355901 0.01502 0.663 0.663 0. 0. 0. 0. 1. 1
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Ty "

[ 2 £ 2]

* heated length uppcrsccuon st-1.4948 .

ceRRR RS CPRRNERPRESERREERES
LR L]

13356000 1 5 2 1 0.003225

13356100 0 1
13356101 4 0.005375
13356201 3 4

1335630110 4

13356401 631.97 1 630432 626.1 3 6192 4 6099 5
13356501 0 0 0 1 26368 1
13356601 335060000 0 1 1 26.368 1
13356701100 0066 00 00 1

13356901 0.01502 0412 0412 0. 0. 0. 0. 1. 1

e L 121 ] SIAEPERRIRR SN ERERR SRR

[ 12 1]

* upper extension of heater rods ni-201 .

L2 L 2 * CREIREEREX SRR LR
L L L2

13366000 1 ] 2 1 0.0025
13366100 0 1

13366101 4 0.005375

13366201 4 4

1336630110 4

13366401 602.0 5

13366501 0 0 0 1 20992 1
13366601 335060000 0 1 1 20992 1
13366701100 0.011413 00 00 - 1
13366901 0.01502 0.328 0328 0. 0. 0. 0. 1. 1

[ 12 E ] s " *

L2214

13451000 4 ] 2 1 0.0025
134511000 1

13451101 4 0.005375

134512014 4

1345130110 4

13451401 608.0 5

13451501 0 0 0 1 38400 2
13451502 0 0 0 1 31168 3
13451503 0 0 0 1 20.160 4

13451601 345010000 10000 1 1 38400 2
13451602 350010000 0 1 1 31.168 3
13451603 355010000 0 1 1 20.160 4

13451701 100  0.020544 00 0.0 2
13451702100  0.016645 0.0 0.0 3
13451703 100  0.010748 00 0.0 4
13451901 0.04623 0.600 0.600 0. 0
13451902 0.04623 0487 0.487 0. 0

0.0.1.2
.0.0.1.3
13451903 0.04623 0315 03150.0.0. 0. 1. 4

L 2]

» L
L

steam generator heat structures - intactloop  *
*
»

* % & @

SHED -

* steam generator u-tubes incoloy 800 *

* 1o crud layer, 1 space interval between mesh points  *
* wall thickness set to 1.1 mm instead of 1.2 mm .

[ 2224 L1

L1EL ]

1120300042 2 2 1 0.0098
11203100 0 1

112031011 0.0109

11203201 7 1

1120330100 1

11203401 573.00 1 569.00 2
11203501 120030000 10000 1 0
11203502 120110000 10000 1 0

0.18472565 8
0.3694513 12

11203503 120150000 10000 1 0 0.7389026 20
11203504 120230000 10000 1 0 1.4997240 22
11203505 120250000 10000 1 0 0.7389026 30
11203506 120330000 10000 1 0 0.3694513 34
11203507 120370000 10000 1 0 0.18472565 42
11203601 530010000 10000 1 0 0.2054601754 8
11203602 530090000 10000 1 0 0.410920325

12

11203603 530130000 10000 1 0 0.82184065 20
11203604 545010000 0 1 0 1.6680604 22
11203605 530200000 -10000 1 0 0.82184065 30
11203606 530120000 -10000 1 0 0.410920325

34

11203607 530080000 -10000 1 0 0.205460175 42
11203701 0 00 00 00 42

11203801 0.0196 0.1250 0.1250 0. 0. 0. 0. 1. 8
11203802 0.0196 025 025 0. 0. 0. 0. 1. 12

11203803 0.0196 0.500 0.500 0. 0. 0. 0. 1. 20

11203804 0.0196 1.014832 1.014832 0. 0. 0. 0. 1. 22

11203805 0.0196 0.500 0.500 0. 0. 0. 0. 1. 30
11203806 0.0196 02500 0.2500 0. 0. 0. 0. 1. 34
11203807 0.0196 0.125 0.125 0. 0. 0. 0. 1. 42
11203901 0.02 0.1250 0.1250 0. 0. 0. 0. 1. 8
11203902 0.02 02500 02500 0. 0. 0. 0. 1. 12
11203903 0.02 0.500 0.500 0. 0. 0. 0. 1. 20

11203904 0.02 1.014832 1.014832 0. 0. 0. 0. 1. 22

11203905 0.02 0.500 0.500 0. 0. 0. 0. 1. 30
11203906 0.02 0.2500 02500 0. 0. 0. 0. 1. 34
11203907 0.02 0.1250 0.1250 0. 0. 0. 0. 1. 42
T T T T T T

L2 i1

* sg riser/downcomer shroud tube - materia! 1.4571 - ¢
LIS EFCREERRN RSO EX O RERDES
L 21 1]

1530100022 2 2 1 0.1505
153011000 1 :

15301101 1 0.1525

15301201 5 1

1530130100 1

15301401 568.13 2

15301501 530010000 10000 1 0 0.118202425 8
15301502 530090000 10000 1 0 0.23640485 12
15301503 530130000 10000 1 0 0.4728097 20
15301504 545010000 0 1 0 1.3257584 21
15301505 550010000 0 I 0 0.561459 22
15301601 510200000 -10000 1 0 0.119773225 8
15301602 510120000 -10000 1 0 0.23954645 12
15301603 510080000 -10000 1 0 0.479092875 20
15301604 500010000 0 1 0 1.3433764 21
15301605 555010000 0 1 0 0568921 22
153017010 00 00 00 22

15301801 0.1265 0.1250 0.1250 0. 0. 0. 0. 1. 8
15301802 0.1265 0.250 0250 0. 0. 0. 0. 1. 12
15301803 0.1265 0.500 0.500 0. 0. 0. 0. 1. 20
15301804 02206 1.402 1.402 0. 0. 0. 0. 1. 21
15301805 0.13017 0.59375 0.59375 0. 0. 0. 0. 1. 22
15301901 0.04989 0.1250 0.1250 0. 0. 0. 0. 1. 8
15301902 0.04989 0250 0250 0. 0. 0. 0. 1. 12
15301903 0.04989 02500 0.2500 0. 0. 0. 0. 1. 20
15301904 0.04989 1.402 1.402 0. 0. 0. 0. 1. 21
15301905 0.484026 0.59375 0.59375 0. 0. 0. 0. 1. 22
st

* sg filler tube - material 1.4571 .

e

1530200011 2 2 1 0.07615

153021000 1
15302101 1 0.08415
15302201 5 1

1530230100 1
15302401 568.13 2
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15302501 0 0 0 1 025 4 15101802 0.04625 0.1250 0.1250 0. 0. 0. 0. 1. 8
15302502 0 0 0 1 05 6 15101303 0.04625 0.2500 02500 0. 0. 0. 0. 1. 12
15302503 0 0 0 1 10 10 15101804 0.05625 0.500 0.500 0. 0. 0. 0. 1. 20
15302504 0 0 0 1 0705 11 15101805 0.04625 1.402 1402 0. 0. 0. 0. 1. 21
15302601 530010000 10000 1 1 025 4 15101901 0.373 0.0875 0.08750. 0. 0. 0. 1. 4
15302602 530050000 10000 1 1 05 6 15101902 0.373 0.1250 0.1250 0. 0. 0. 0. 1. 8
15302603 530070000 10000 1 1 1.0 10 15101903 0.373 02500 0.2500 0. 0. 0. 0. 1. 12
15302604 545010000 0 1 0.705 11 15101904 0.373 0.500 0.500 0. 0. 0. 0. 1. 20
15302701 0 00 00 00 11 15101905 0.373 1402 1402 0. 0. 0. 0. 1. 21
1530280] 01523 025 025 0 0 o 0. l. 4 SERSERRELRRENNERRRSEDERORERERRER VA SRS EREERRRSER RS
15302802 0.1523 05 050.0.0.0. 1. 6 hiddd
15302804 0.1523 1.0 1.00.0.0. 0. 1. 10 * hte. vstme,settohxghvalue for trial run .
15302805 0.1523 0.705 0.705 0 0.0.0.1.11 M i *tese s
15302901 0.016 025 025 0.0.0.0. 1. 4 M
15302902 0.016 0.5 05 0.0. 0. 0. 1 20212400 hte-t
15302903 0.016 1.0 100.°0.0. 0. 1. 10 2021240100  10000.0
15302904 0.016 0.705 0705 0.0.0.0.1 11 20212402 1.0¢6  10000.0

LI 21 ey » » 22 ] (L 232 [ ]
xR rEES
* sg filler tube top plate - ma!enall457l . * sg feedwater inlet manifold & flange material 1.4571 *
*EeenEsixs Ei 2111 d AEBSESESEEREERNER [ 221 L L2
LE2 1) SR
15303000 i 3 1 1 0.0 15550000 1 3 2 1 0.205
15303100 0 1 15550100 0 1 -
15303101 2 0.03 15550101 2 0.400
15303201 5 2 15550201 5 2
1530330100 2 1555030100 2
15303401 568.13 3 15550401 568.13 3
15303501 0 0 0 0 0.022246 1 15550501 555010000 0 1 0 0.28208 1
15303601 545010000 0 0 0.022246 1 15550601 -1 0 3501 0 0.55041 1
15303701 0 00 00 00 1 15550701 0 00 00 00 1
15303801 0.0 1.402 1402 0.0.0.0. 1. 1 15550801 0.410 0219 0219 0.0.0.0. 1. 1
15303501 0.0 1402 14020.0.0.0.1. 1 15550901 0.800 0219 0219 0.0.0.0. 1. }

e % (221 2232 L2 2
368 L2 21 ]
* lower connecting flange, sg walls  material 1.4571 * * sgwalls - middle section  material 1.4571 .

e EEERERER0ED * EERCIRERS
221 ese
15100000 4 3 2 1 0.1645 155510001 3 2 1 0.205
15100100 0 1 155511000 1

15100101 2 0.2625 155511012 0.230

15100201 5 2 15551201 5 2
1510030100 2 1555130100 2
15100401 563.13 3 15551401 568.13 3
15100501 510090000 10000 3124 © 0.03876 4 15551501 555010000 0 1 0 0.89391 1
15100601 -1 0 3501 o 0.06185 4 15551601 -1 0. 3501 0O 1.00292 1
15100701 O 00 00 00 4 15551701 0 00 00 00 1
15100801 0329 0.0375 0.03750.0.0.0. 1. 4 15551801 0.36007 0.694 0.694 0.0.0.0. 1. 1
15100901 0.525 0.0375 0.0375 0. 0. 0. 0. 1. 4 15551901 0.460 0.694 0.694 0. 0. 0. 0. 1. 1

LE 2 2]

* sg walls - lower section

material 1.4571 he

*% SERSESSE LR SR EEREDEERRER
L i1 1]

* sg walls - upper section material 1.4571 .

*6a2%

1510100021
15101100 0
151011012
15101201 5
15101301 0.0

3
1

2

0.1865

2
2

15101401 535.15 3

15101501 510200000 -10000
15101502 510160000 -10000
15101503 510120000 -10000
15101504 510080000 -10000
3124

15101505 500010000 0

15101601 -1 0 3501
15101602 -1 0 3501
15101603-1 0 3501
15101604-1 0 3501
15101605-1 0 3501
15101701 0 0.0 00

3124
3124
3124
3124

(== — N~

0.0

0.1645

0

0.0904336 4
0.129198 8
0.258396 12
0.516792 20
1.4490847 21
0.102533725 4
0.14647675 8
0.292953525 12
0.585907025 20
1.6428833 21
21

o000

15101801 0.04625 0.0875 0.08750. 0. 0. 0. 1. 4

shxd

L2 L1

15601000 2 3 2 1 0.2335

156011000 1
15601101 2 02625
15601201 § 2

1560130100 2

15601401 568.13 3

$ steam dome section **

15601501 5600100000 . 1 1 0593 1

15601601 -1 0 3503 1 0593 1
15601701 0 00 00 00 1

15601801 0.46179 0.593 0.593 0. 0. 0. 0. 1. 1
15601901 0.525 0.593 0.593 0.0.0.0. 1. 1

* separator section
15601502 552010000 0 1 i Lo 2

15601602 -1 0 3501 1 110 2
15601702 0 00 00 00 2
15601802 0.46179 1.10 1.10 0. 0. 0. 0. 1. 2
15601902 0.525 1.10 1.10 0. 0. 0. 0. 1. 2
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LEL L2 L 24 [ 22 ] L]
*hE%

* top of il sg steam dome, part spherical material 1.4571*

e

15602000 1 3 3 1 0.525

15602100 0 1
15602101 2 0.605
15602201 5 2
1560230100 2

15602401 568.13 3
15602501 560010000 0 1 1 0.0625 1
15602601 -1 0 3503 1
15602701 0 00 00 00
15602801 0.0 025 025 0. 0. 0. 0.
15602901 0.0 0.25 0.25 0. 0. 0. 0.
*»

[ 121 L E 2 1

L2
*  steam line, intact loop sg to manifold *

*  typical heat loss along both steam lines assumed *
PSSR P22 RS SR R2 R 2222 RSS2 SRR 222 222t ]

28

15641000 1 3 2 1 0.03445

15641100 0 1
156411012 0.03805
15641201 5 2

1564130100 2
15641401 568.13 3
15641501 564010000 0 1 1 65 1
15641601 -1 0 3602 1 65 1
15641701 0 00 00 00 1
15641801 00 6.5 650.0.0.0. 1.
15641901 00 6.5 650.0.0.0. 1.

PEEEd

0.
0.

——

22
*  steam line, broken loop sg to manifold *

220

16641000 1 3 2 1 0.02155

16641100 0 1
16641101 2 0.02415
16641201 § 2
1664130100 2

16641401 568.13 3
16641501 664010000 0 1 1 58 1
16641601 -1 0 3602 1 58 1
16641701 0 00 00
16641801 0.0 58 58 0. 0.
16641901 0.0 58 58 0. 0.

—

0.
0. 0.
0. 0. l

L2 14
* L]
L]

stcam generator heat structures - brokenloop  *
*

* # #

*

xee%

* steam generator u-tubes incoloy 800 *

* no crud layer, 1 space interval between mesh points  *
* wall thickness set to 1.1 mm instead of 1.2 mm .’

12103504 210130000 10000 1 0 0.4986716 12
12103505 210150000 10000 1 0 0.49260175 16
12103506 210190000 10000 1 0 0.2463009 18
12103507 210210000 10000 1 0 0.12315045 22
12103601 630010000 10000 1 0 0.13697345 4
12103602 630050000 10000 1 0 0.2739469 6
12103603 630070000 10000 1 0 0.54789375 10
12103604 645010000 0 1 0 0.5546449 12
12103605 630100000 -10000 1 0 0.54789375 16
12103606 630060000 -10000 1 0 0.2739469 18
12103607 630040000 -10000 1 0 0.13697345 22

12103701 0 00 00 00 22

12103801 0.0196 02500 0.2500 0. 0. 0. 0. 1. 4
12103802 0.0196 0.5 050.0.0.0. 1. 6

12103803 0.0196 1.000 1.000 0. 0. 0. 0. L. 10
12103804 0.0196 1.012322 1.012322 0. 0. 0. 0. 1. 12
12103805 0.0196 1.000 1.000 0. 0.
12103806 0.0196 0.500 0.500 0.
12103807 0.0196 0.2500 02500
12103901 0.02 0.2500 0.2500 0.
12103902 0.02 0.500 0.500 0. 0.
12103903 0.02 1.000 1.000 0. 0.
12103504 0.02 1.012322 1.012322 0 0 0 0 1. 12

12103905 0.02 1.000 1.000 0. 0. 0. 0. 1.
12103906 0.02 0.500 0.500 0. 0. 0. 0. 1. 8
12103907 0.02 0.2500 0.2500 0. 0. 0. 0. I. 22
ERERERSERERE VR EEO KRN L3 44

%98

* sgriser/downcomer shroudtube  material 1.4571 *
SRR EBREREERRERERRG eSS
L2 £ 17

1630100012 2 2 1 0.1005
163011000 1

16301101 1 0.1020

16301201 5 1

1630130100 1

16301401 568.13 2

16301501 630010000 10000 1 0

0.15786505 4

16301502 630050000 10000 1 0 03157301 6
16301503 630070000 10000 1 0 0.63146015 10
16301504 645010000 0 1 0 0.8234240 11
16301505 650010000 0 1 0 0.328621 12
16301601 610100000 -10000 1 0 0.16022125 4
16301602 610060000 -10000 1 0 0.32044245 6
16301603 610040000 -10000 1 0 0.6408849 10
16301604 600010000 0 1 0 0.835713911
16301605 655010000 0 1 0 0333526 12

16301701 0 00 00 00

16301801 0.060144 0.2500 0.2500
16301802 0.060144 0.500 0.500 0.
16301803 0.060144 1.000 1.000 0.
16301804 0.157657 1.304 1.304 0.
16301805 0.06863 0.5204 0.5204 0. 0 0.0 1 12

ooo°5

. 0.
0016
. 0.0. 1. 10
. 0.0. 1. 11

16301901 0.024706 02500 0.2500 0. 0. 0. 0. 1. 4
16301902 0.024706 0.500 0.500 0. 0. 0. 0. 1. 6

16301903 0.024706 1.000 1.000 0. 0. 0. 0. 1. 10
16301904 0.024706 1304 1304 0. 0. 0. 0. 1. 11

16301905 0.21192 0.5204 0.5204 0. 0. 0. 0. 1. 12

[ 222

* sg filler tube - materia! 1.4571 *

P TS T FTITI1]

988

1210300022 2 2 1 0.0098
121031000 1

12103101 1 0.0109

12103201 7 1

1210330100 1

121034015730 1 569.00 2
12103501 210030000 10000 1 0
12103502 210070000 10000 1 0
12103503 210090000 10000 1 0

0.12315045 4
0.2463009 6
0.49260175 10

S9%3

16302000 11 2 2 1 0.0629

16302100 0 1
16302101 1 0.07
16302201 5 1

1630230100 1
16302401 568.13 2

16302501 0 0 0 1 025 4
16302502 0 0 0 1 05 6
16302503 0 0 0 1 10 10
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16302504 0 0 0 1 071 11
16302601 630010000 10000 1 1 025 4
16302602 630030000 0 1 1 05 6
16302603 630040000 10000 1 1 10 10
16302604 645010000 0 1 1 071 11

163027010 00 00 00 11

16302301 0.1258 0.25 025 0.0.0. 0. 1. 4
16302802 0.1258 0.5 050.0.0.0. 1. 6
16302803 0.1258 1.0 1.0 0. 0. 0. 0. 1. 10
16302804 0.1258 0.71 0.71 0. 0. 0. 0. 1. 11
16302901 0.007 025 025 0.0.0. 0. 1. 4
16302902 0.007 0.5 050.0.0.0.1. 6
16302903 0.007 1.0 1.00.0. 0. 0. 1. 10
16302904 0.007 0.71 0.71 0. 0. 0. 0. 1. 11
SUREERS *hE I s LEL 2
sess

* sg filler tube top plate - matcnall457l *
FERESHEN b e A g Rl 22 1d )]
25

16303000 1 3 1 1 0.0

16303100 0 1

163031012  0.026

16303201 5 2

1630330100 2

16303401 568.13 3

163035010 0 0 0  0.015394 1
16303601 645010000 0 1 0 0.015394 1
163037010 00 00 00 1

16303801 0.0 1304 1304 0.0.0. 0. 1.
16303901 0.0 1.304 1304 0. 0. 0. 0. 1.
SESERBESBEEEN * e .“t“

x40

* lower connecting flange, sg walls material 1.4571 *
CREEEBRESRC XLV REFL RSN E LR S DERE SR LR AR XN R RS S

L L2

16100000 2 3 2 1 0.108

16100100 0 1
16100101 2 0.1775
16100201 5 2

1610030100 2
16100401 568.13 3

16100501 610050000 10000 3124 0 0.0271435
2

16100601 -1 0 3601 0 0.0446105 2
16100701 0 00 00 00 2

16100801 0.216 0.040 0.040 0. 0. 0. 0. 1. 2
16100901 0.355 0.040 0040 0.0.0.0.1.2

shne

* sg walls - lower section material 1.4571 .

e

16101000 11 3 2 1 0.108
161011000 1

16101101 2 0122

16101201 § 2

1610130100 2

16101401 535.15 3

16101501 610100000 -10000 3124 0 0.142502652
16101502 610080000 -10000 3124 O 0.16964625 4
16101503 610060000 -10000 3124 0 0.3392925 6
16101504 610040000 -10000 3124 0 0.678585 10
16101505 6000100000 3124 0 0.88487 11
16101601 -1 3601 0 0.16097522
16101602 -1 0 3601 0 0.1916375 4
16101603 -1 0 3601 0 0.383275 6
16101604 -1 0 3601 0 0.76655 10
16101605 -1 0 3601 0 0.99958 11
16101701 0 00 00 00 11

16101801 0.023333 021 021 0.0.0.0. 1. 2
16101802 0.023333 025 0250.0.0.0. 1. 4
16101803 0.023333 0.5 050.0. 0. 0..1. 6

16101804 0.023333 10 100.0.0. 0. 1. 10

16101805 0.023333 1304 1304 0. 0.0. 0. 1. 11
16101901 0244 0.21 021 0.0.0.0. 1. 2
16101902 0244 0.25 0250.0.0.0. 1. 4
16101903 0244 05 050.0.0.0. 1. 6
16101904 0244 1.0 1.0 0. 0. 0. 0. 1. 10

16101905 0.244 1.304 1304 0. 0. 0. 0. 1. 11

SREREERRIERSORBES SROES LN RERR DS
L2 2 L]

* sg feedwater inlet manifold & flange material 1.4571 *

£ 1) skk%e *EREES s RSN RS kED
*0%%

16550000 1 3 2 1 0.1195
16550100 0 1

16550101 2 0.250

16550201 5 2

1655030100 2

16550401 568.13 3

16550501 655010000 0 1 0 0.15017 1
16550601 -1 0 3601 0O 0.31416 1
16550701 0 00 00 00 1
16550801 0.239 0.200 0.200 0. 0. 0. 0. 1. 1
16550901 0.500 0.200 0.200 0. 0. 0. 0. 1. 1

FEEERSRAXERRBERERORRERXLN RSB S R XL ERXQRESEXRER R R %S
E2 2 12

* sg walls - middle section

Ty Ty

material 1.4571 .

REEBEE SRR EREEN AR

sEER

16551000 1 3 2 1 0.1195
165511000 1

16551101 2 0.1345

16551201 5 2

1655130100 2

16551401 568.13 3

16551501 655010000 0 1 0 0.80791 1
16551601 -1 0 3601 0 0.90932 1
16551701 0 00 00 00 1

16551801 0.130835 1.076 1.076 0.0.0. 0. 1. 1
16551901 0269 1.076 1076 0. 0. 0. 0. 1. 1

skEuEk [ 1 2]

*EEs

* sg walls - upper section material 1.4571 .
X0 SRSV RNEEES L (2 1] ks
4k

16601000 2 3 2 1 0.1350

16601100 0 1
16601101 2 0.1520
16601201 § 2

1660130100 2

16601401 568.13 3

* steam dome section

16601501 660010000 0 1 1 0681 1
16601601 -1 0 3603 1 0681 1
16601701 0 00 00 00 1

16601801 026061 0.681 0.681 0. 0. 0. 0. 1. 1
16601901 0.304 0.681 0.681 0. 0. 0. 0. 1. 1
* separator section

16601502 652010000 0 1 1 110 2
16601602 -1 0 3601 1 110 2
16601702 0 00 00 00 2

16601802 0.26061 1.10 1.10 0. 0. 0. 0. 1. 2
16601902 0304 1.10 1.100.0. 0. 0. 1. 2

skes

* top of bl sg stcam dome, part spherical material 1.4571¢

skse

16602000 1 3 3 1 0304

16602100 0 1
16602101 2 0.324
16602201 5 2
1660230100 2
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16602401 568.13 3
16602501 660010000 0 1 1 0.0625 1
16602601 -1 0 3603 1 0.0625 1
16602701 0 0.0 00 0.0
16602801 0.0 0.150 0.150 0. 0.
0
.

0.0
16602901 0.0 0.150 0.150 0. 0. 0. 0.

CREROBRENEXVEREN SRR S REIERES
Ll 22

(LR L]

this section contains all the heat structures which
define the pipe walls in the intact and broken loops.

it excludes the large bulks of metal contained in
the flanges. pump, gamma densitometers and supports,

components defined in this section:-

heat structure geometries: 1000,1001 2000,2001
components referenced in this section:-

snglvol: 100 200,260

branch:  105,133,137,145 203,223,230,235

pump: 135 25

pipe: 110,130,140 206,220

tables: 001 101,102,103 201,202,203
implementation:-

the pipes in the loops are either small or large bore and
either thin or thick walled. these 4 different geometries
are defined with separate heat structure geometries. then
each section of pipe is defined as & heat structure number
within each geometry.

the instrumented spools also have an outer wall heat loss
defined to mimic instrument cooling, if required this can
be 'tumed off by specifying'0 0 0 as the first 3

words on the 601 series of cards.

the rest of the loop metalwork such as flanges is
specified in a separate section to facilitate the
construction of different input decks for small and

large break problems. (for large breaks this section

by itself will be adequate.)

thick walled tubes in the intact loop

LR S SR I S A 20 2k 2N 2% 2N B R R R R R R 2N I R BN BN R SN Y B IR TR T I N S S R S S S O,

* basic thick wall geometry
*

11000000 6 7 2 1 36.85d-3
11000100 0 1

1100010t 6 53.85d-3

11000201 5 ¢

11000301 00 6

11000401 572.7

[ ]

* heat structures using the basic geometry
L]

*

L ]

* structure number 1  dhss cylinder number(s):- 1,3
.

* links to:- component 100

»

11000501 100010000 0 1 1 .682 1
11000601 -2 031011 682 1

11000701 0 0.0 0.0 0.0 1

11000801 0.0 .682 682 0.0.0.0. 1. 1

* structure number 2  dhss cylinder number(s):- 10

-

* Jinks to:- component 110

*

11000502 110020000 0 1 1 .626 2
11000602 -2 03102 1. 626 2
11000702 ¢ 0.0 0.0 0.0 2
11000802 0.0 .626 .626 0. 0. 0. 0. 1. 2
*

* structure number 3  dhss cylinder number(s):- 13
*

* links to:- component 130

*

11000503 130010000 0 1 1 .626 3
11000603 -2 031031 626 3
11000703 0 000000 3
11000803 00 626 .626 0.0.0.0. 1. 3
*

* structure number 4 dhss cylinder number(s):- 19,23

*

* links to:- component 133

»

11000504 133010000 0 1 1 .767 4
11000604 -2 03104 1 .767 4
11000704 0 0.0 0.0 0.0 4
11000804 0.0 .767 .767 0.0.0.0. 1. 4
L]

* structure number 5  dhss cylinder number(s):- 26,29
*

* links to:- component 137

*

11000505 137010000 01 1 .737 5
11000605 -2 031051 .737 §
11000705 0 0.0 0.0 0.0 5
11000805 00 .737 .7370.0.0.0. L. §
.

* structure number 6  dhss cylinder number(s):- 35,39
3

* links to:- component 145
*

11000506 145010000 0 1 1 687 6

11000606 -2 03106 1 .687 6

11000706 0 0.0 0.0 0.0 6
11000806 0.0 .687 .687 0.0.0.0. 1. 6

*

thin walled tubes in the intact loop

* pasic thin wall gcometry
.

. 8 8

11001000 8 S 2 1 36.85d-3
11001100 0 1

11001101 4 44.45d-3

11001201 5 4

11001301 0.0 4

11001401 572.5

*

* heat structures using the basic geometry
-

* structure number 1 dhss cylinder number(s):- 7 (part)
.
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* links to:- component 105
[ ]

11001501 105010000 0 1 1 .682 1
11001601 © 00 1 6321
11001701 ¢ 0.0 0.0 0.0 1
11001801 0.0 682 682 0.0.0.0. 1. 1
L]

*
* structure number 2  dhss cylinder number(s):- 7 (part)
]

* links to:- component 110
*

11001502 110010000 0 ¢ 1 1.60 2
11001602 0 00 1 160 2.
11001702 0 0.0 0.0 0.0 2
11001802 0.0 1.60 1.60 0. 0. 0. 0. 1. 2
*

*
»

* structure number 3  dhss cylinder number(s):- 16 (part)

* links to:- component 130

.

11001503 130020000 0 1 1 1171 3
11001603 0 00 1 11113
11001703 0 000000 3
11001803 00 1.171 1.171 0. 0. 0. 0. 1. 3
L

*
* structure number 4 dhss cylinder number(s):- 16 (part)
*

* links to:- component 130

L

11001504 130030000 0 1 1 1.611 4
11001604 0 00 1 16114
11001704 0 0.0 0.0 0.0 4
11001804 00 1.611 1611 0.0.0.0. 1. 4
*

*

* structure number 5 dhss cylinder number(s):- 16 (part)
*®

* links to:- component 130

L4

11001505 130040000 01 1 625 5
11001605 0 00 1 6255
11001705 0 000000 5
11001805 0.0 625 6250.0.0.0. 1. 5
.

.

* structure number 6 dhss cylinder number(s):- 16 (part)
*

* links to:- component 130

*

11001506 130050000 01 1 1.61 6
11001606 0 00 11616
11001706 0 000000 6
11001806 0.0 161 161 0.0.0.0.1. 6
*

*

* structure number 7 dhss cylinder number(s):- 23 (part)

*

* links to:~ component 140

»

11001507 140010000 0 1 1 1.161 7
11001607 0 00 1 11617
11001707 0 0.0 0.0 0.0 7
11001807 0.0 1.161 1.161 0. 0. 0. 0. 1. 7
L 3

*
* structure number 8  dhss cylinder number(s):~ 23 (part)
*

* links to:- component 140

11001508 140020000 01 1 131 8
11001608 0 00 1 1318
11001708 0 0.0 0.0 0.0 8

11001808 0.0 131 1310.0.0.0. 1. 8

*

thick walled tubes in the broken loop

* * % »

* basic thick wall geometry
]

12000000 6 2 1 23.05d-3
12000100 ©

12000101 6
12000201 5
12000301 0.0

12000401 572.7
*

* heat structures using the basic geometry
*

*
*

* structure number 1  dhss cylinder number(s):- 41,43

»

* links to:- component 200
-

12000501 200010000 01 1 .624 1
12000601 -2 03207 1 624 1
12000701 0 0.0 0.0 0.0 1
12000801 0.0 624 624 0. 0. 0. 0. 1. 1
L]

®

* structure number 2  dhss cylinder number(s):- 56
»

* links to:- component 206 -

*

12000502 206030000 0 I 1 .684 2
12000602 -2 032021 .684 2
12000702 0 0.0 0.0 0.0 2
12000802 0.0 684 684 0.0.0. 0. 1. 2
.

*
[ ]

* structure number 3  dhss cylinder number(s):- 60

*

* links to:~ component 220
*

12000503 220010000 01 1 684 3
12000603 -2 03203 1 684 3
12000703 ¢ 0.0 0.0 0.0 3
12000803 0.0 634 634 0.0.0.0.1. 3
.

* structure number 4  dhss cylinder number(s):- 71
*

* links to:- component 223
*

12000504 223010000 01 1 1.161 4
12000604 -2 03204 1 1.161 4
12000704 0 0.0 0.0 0.0 4
12000804 0.0 1.161 1.161 0.0.0. 0. 1. 4
.

o .
* structure number 5 dhss cylinder number(s):- 76,79
*

* links to:- component 230

*

12000505 230010000 01 1 858 5

12000605 -2 032051 .858 5

12000705 0 0.0 0.0 0.0 5
12000805 0.0 .858 .858 0.0.0.0.1. §
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*
*

* structure number 6 dhss cylinder number(s):- 88,94
. ’

* links to:- component 260

*

12000506 260010000 0 1 1 .624 6
12000606 -2 032061 624 6
12000706 0 0.0 0.0 0.0 6
12000806 0.0 .624 624 0.0.0.0. 1. 6

thin walled tubes in the broken loop

* * *»

* basic thin wall geometry
L]

12001000 9 5 2 1 23.05d-3
12001100 0 1

12001101 4 30.154-3

12001201 5 4

12001301 0.0 4

12001401 572.5

-

* heat structures using the basic geometry

* structure number 1  dhss cylinder number(s):- 48
*

* links to:- component 203

*

12001501 203010000 0 1 1 .885 1
12001601 -1 032081 .885 1
12001701 0 0.0 0.0 0.0 1
12001801 0.0 .885 .8850.0.0. 0. 1. 1
L ]

[ ]
* structurc number 2 dhss cylinder number(s):- 49
»

* links to:- component 206

*

12001502 206010000 0 1 1 0.686 2
12001602 -1 0 3208 1 0.686 2
12001702 0 0.0 0.0 0.0 2
12001802 0.0 0.686 0.686 0. 0. 0. 0. 1. 2

]

*

*

* structure number 3 dhss cylinder number(s):- 53
*

* links to:- component 206

L ]

12001503 206020000 0 1 1 .686 3
12001603 0 00 1 685 3
12001703 0 0.0 0.0 0.0 3
12001803 0.0 686 686 0.0.0.0. 1. 3
[ ] .

L

* structure number 4 dhss cylinder number(s):- 64
]

* Jinks to:- component 220

 d

12001504 220020000 0 1 1 1.502 4
12001604 0 00 1 15024

12001704 0 0.0 0.0 0.0 4

12001804 0.0 1.502 1502 0. 0. 0. 0. 1. 4

-

*

* structure number §  dhss cylinder number(s):- 68 (part)

¢ links to:- component 220

12001505 220030000 0 1 1 .741 5
12001605 0 00 1 741 5
12001705 0 0.0 0.0 0.0 5
12001805 0.0 .741 741 0.0.0.0. 1. §
*

*
* structure number 6 dhss cylinder number(s):- 68 (part)
»

* links to:- component 220

*

12001506 220040000 0 1 1 .732 6
12001606 0 00 1 .732 6
12001706 0 0.0 0.0 0.0 6
12001806 0.0 .732 732 0.0.0.0. 1. 6
*

* structure number 7  dhss cylinder number(s):- 68 (part)

* links to:- component 220

L]

12001507 220050000 0 I 1 .741 7
12001607 0 00 1 .741 7
12001707 0 0.0 0.0 0.0 7
12001807 0.0 .741 .741 0. 0. 0. 0. 1. 7

*
*

* structure number 8 dhss cylinder number(s):- 83

* links to:- component 240
*

12001508 240010000 0 1 1. 1263 8
12001608 0 00 1 126338
12001708 0 0.0 0.0 0.0 8
12001808 0.0 1263 1263 0.0.0.0. 1. 8
*

* structure number 9  dhss cylinder number(s):- 89

* links to:- component 260

*

12001509 250010000 0 1 1 988 9
12001609 0 00 1 988 9
12001709 0 000000 9
12001809 0.0 988 988 0.0.0.0. 1. 9
*

*38 L L4 ]

k9%

this section contains all the heat structures which
define the flanges in the intact and broken loops.

components defined in this section:~

heat structure geometrics: 1010,1011 2010,2011
components referenced in this section:-

snglvol: 100 260

branch: 133,137,145 223,230,235

pipe: 110,130,140 200,220
implementation:-

four kinds of heat structure are defined:-
‘a’ and 'b’ flanges for intact and broken loops

gamma densitometer in intact and broken loop

LA BN B B 2 2N B BN BN BN BE R R EE X K I IR Y I N N )

all the flanges defined in the dhss are expressed
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in terms of these structures, despite a loss of
correctness in the thermal time constants,

to reduce the number of heat structures needed.

the heat structures so defined are then lumped
together to form composite structures having the
same total mass as the individual flanges. the flanges
so0 defined are completely distinct from the metal in
the pipework which is defined in a separate section.
in this way input decks can be taylored to fit the
problem being studied, either large break, small
break or special transient.

the process of lumping the flanges together is governed
by the following constraints:-

metal masses in horizontal and vertical sections
cannot be lumped together (incorrect buoyancy)

metal masses on different sides of heat sources
or sinks cannot be lumped together.

‘b’ type flanges in the intact loop

L 2R I R O B 2 2 R B I IR BN IR JEE JER JEE Y NN JEE BEE Y R JEE JEE 2N

basic ‘b’ type flange gcometry

*

11010000 6 7 2 1 36385d3
11010100 0 1

11010101 6 97.54-3

11010201 S5 6

11010301 0.0 6

11010401 572.7

*

* heat structures using the basic geometry
*

&
*
* structure no. 1 dhss cylinder number(s):- 2,4,5.8

* links to:- component 100
*

11010501 100010000 0 ¥ 1 .182 1}
11010601 © 00 1 .82 1
11010700 0 0.0 0.0 0.0 1
11010801 0.0 .182 .182 0. 0. 0. 0. 1. 1

E
*

* structure no. 2 dhss cylinder number(s):- 9,11,12,12a
.

* links to:- component 110

L 4

11010502 110020000 0 1 1 .125 2
11010602 0 00 1 .125 2
11010702 0 000000 2
11010802 0.0 .125 .1250.0. 0. 0. 1. 2
*

*
*

* structure no. 3 dhss cylinder number(s):- 14a,14,15,17
*

* links to:- component 130
]

11010503 130010000 0 1 1 .125 3
11010603 0 00 1 1253
11010703 0 0.0 0.0 0.0 3
11010803 0.0 .125 .1250.0.0. 0. 1. 3
 J

* structure no. 4 dhss cylinder number(s):- 18,20,21,24,25
* 108

* links to:- component 133

*

11010504 133010000 01 1 316 4
11010604 0 00 1 316 4
11010704 0 000000 4
11010804 0.0 316 316 0.0.0.0. 1. 4
L]

- *structure no. § dhss cylinder number(s).- 27,30,31,33,109
L]

* links to:- component 137
*

11010505 137010000 01 1 241 5
11010605 0 00 1 241 5
11010705 0 ~ 0.0 0.0 0.0 5
11010805 0.0 .241 241 0.0.0.0. 1. 5
*

* structure no. 6 dhss cylinder number(s):- 34,36,37,40
*

* links to:- component 145

*®

11010506 145010000 0 1 1 .106 6
11010606 © 00 1 .106 6
11010706 © 0.0 0.0 0.0 6
11010806 0.0 .106 .106 0. 0. 0. 0. 1. 6
*®

* gamma densitometer in intact loop

* measurement locations 11, 14, 16

*

* basic geometry
*®

11011000 3 7 2 1 36.85d-3
11011100 0 1

11011101 6 90.04-3
11011201 21 6

11011301 00 6

11011401 572.7

-

* heat structures using the basic geometry
*

*

»

* structure no. 1 dhss cylinder number(s):~ 6
*

* links to:- component 100

™

11011501 100010000 0 1 1 .170 1
11011601 © 00 1 .170 1
11011701 0 0.0 0.0 0.0 1
11011801 0.0 .170-.170 0. 0. 0. 0. 1. 1
*

*
* structure no. 2  dhss cylinder number(s):- 22
*

* links to:- component 133

*

11011502 133010000 0 1 1 .170 2
11011602 © 00 1 .70 2
11011702 0 000000 2
11011802 0.0 .170 .170 0. 0. 0. 0. 1. 2
*

* structure no. 3  dhss cylinder number(s):- 38

.

* links to:- component 145

L)

11011503 145010000 0 1 1 .170 3
11011603 © 00 1 .170 3
11011703 0 0.0 0.0 0.0 3
11011803 0.0 .170 .170 0. 0. 0. 0. 1. 3
]

*
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* ‘2 type flanges in the broken loop

*
L]

* basic 'a’' type flange geometry
*

12010000 6 7 2 1 23.054-3
12010100 0 1

12010101 6 80.0d-3

12010201 5 6

12010301 0.0 6

12010401 572.7

.

* heat structures using the basic gecometry
*

* structure no. 1 dhss cylinder number(s):- 42,44,45,46
* 50,51,52,54

»

* links to:-
*
12010501 200010000 01 1 .409 1
12010601 0 00 1 409 1
12010701 0 0.0 0.0 0.0 1
12010801 0.0 409 4090.0.0.0. 1.1
.

component 200

* structure no. 2 dhss cylinder number(s):- 55,57,58,58a

*

* links to:- component 200

[ ]

12010502 206030000 0 1 1 .128 2
12010602 0 00 1 .128 2
12010702 0 0.0 0.0 00 2
12010802 0.0 .128 .128 0. 0. 0. 0. 1. 2
*

*

*

* structure no. 3  dhss cylinder number(s):- 61a,61,62,65
. 66,67,69

]

* links to:- component 220

*

12010503 220010000 0 1 1 227 3
12010603 0 00 1 227 3
12010703 0 0.0 0.0 00 3
12010803 0.0 227 227 0.0.0. 0. 1. 3

*
*

* structure no. 4  dhss cylinder number(s):~ 70,72,73,74,110
*

* links to:-
*
12010504 223010000 0 1 1 380 4
12010604 0 00 1 380 4
12010704 0 000000 4
12010804 0.0 .380 .380 0. 0. 0. 0. 1. 4
*

component 223

L]
* structurc no. § dhss cylinder number(s):- 77,78,80,81,84
. 111

.

* links to:- component 230

]

12010505 230010000 01 1 420 §
12010605 0 00 1 420 $
12010705 0 0.0 6.0 0.0 5
12010805 0.0 420 4200.0.0.0.1. 5
 J

*
]

* structure no. 6 dhss cylinder number(s):- 85,90,91,92,95

*

* links to:-
[ ]
12010506 260010000 0 1 1 219 6
12010606 0 00 1 219 6
12010706 0 000000 6
12010806 0.0 219 219 0.0.0.0. 1. 6

component 260

gamma densitometer in broken loop
measurement locations 21, 24, 25, 26

* # »

*

* basic geometry
*
12011000 4
12011100
12011101 6
1201120F 2
12011301 0O
12011401
L

* heat structures using the basic geometry

%

*

*

* structure no. 1 dhss cylinder number(s):- 47
*

* links to:-
»
12011501 200010000 01 1 .170 1
12011601 0O 00 1 .170 1
12011701 0 0.0 0.0 0.0 1
12011801 0.0 .170 .170 0. 0. 0. 0. 1. 1
*

7 2 1 23.05d-3
01

90.0d-3
16
.0 6
512.7

component 200

-
* structure no. 2 dhss cylinder number(s):- 59
*

* links to:-
*
*12011502 206030000 0 1 1 .170 2
*12011602 0 00 1 .170 2
*12011702 0 000000 2
*12011802 0 0000 .170 2

L ]

component 200

* structure no. 3  dhss cylinder number(s):- 63
L ]

* links to:- component 220

*

*12011503 22001000001 1 .170 3
*12011603 0 00 1 .170 3
*12011703 0 0.0 0.0 0.0 3
*12011803 0 0000 .170 3

®

* structure no. 2 dhss cylinder number(s):- 75
.

* links to:-
L]
12011502 223010000 01 1 .170 2
12011602 0 00 1 .170 2
12011702 0 0.0 0.0 0.0 2
12011802 0.0 .170 .170 0. 0. 0. 0. 1. 2
. .

component 223

* structure no. 3 dhss cylinder number(s):- 82
*

* links to:- component 230

L ]

12011503 230010000 01 1 .170 3
12011603 © 00 1 .170 3
12011703 ¢ 0.0 0.0 0.0 3
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12011803 0.0 .170 .170 0. 0. 0. 0. 1. 3
»

*

* structure no. 4  dhss cylinder number(s):- 93
»

* links to:-
]
12011504 260010000 01 1 .170 4
12011604 0 00 1 .170 4
12011704 0 0.0 0.0 0.0 4
12011804 00 .170 .170 0. 0. 0. 0. 1. 4

EEXEREERRAEERESXROEI R BEBRB RN
SRREEREEES

component 260

(L2 E L2 2]

this section contains the heat structures for

the pressure vessel. the data covers the vessel

walls, the mounting brackets, stub pipes other than
the hot and cold leg pipes, the instrument cooling
effects ,the honeycomb downcomer, ceramic filler and
upper head cooling.

it does not include the heater rods.
components defined in this section:-

heat structure geometries:-  3100,3101,3102,3103,3104
3105,3106,3107,3550

components referenced in this section:-

pipes:- 310,325,335

single volumes:- 320,350

branches:- 300,305,315,355
implementation:~

the vessel walls are modelled as cylinders .

the stub pipes are modelled separately with heat losses
to allow for the differential pressure cooling adaptors.
the upper vessel steel plate with the heater rods in is
modelled as a part of a sphere to account for the 2d
conduction effects. it has a fraction of the total

power dissipated in it which at full power is some

22 kw. it models the bulk heat input not the actual
temperatures reached by the heater rods.

the honeycomb downcomer is modelled as a cylinder

E

three regions, inner and outer steel with the centre
region being a pscudo material which allows for
partial conduction and radiation effects. the properties
for this region are a function of t**3. in parts

the ceramic filler is modelled as an extra inner region
to this cylinder with the comrect outer diameter and
volume and with an adjusted inner diameter.

the vessel flanges and power connector ape separately
modelled with heat loss for the copper connector.

LR 20 20 BN B BE 28 20 2R - 2R 20 R BN L AR 2N 2R 2R BN BE AE IR R B BN 2N R K L EE 2K 2R 2 BE BE B IR 2R IR R R B BN

* main geometry for vessel wall
*

*

13100000 14 5§ 2 1 156.0d-3
13100100 0 1

13100101 4 171.84-3

13100201 1 4

13100301 0.0 4

13100401 566.7 §

*

* upper part of downcomer links to component 300
*

13100501 300010000 0 11 0315 1

13100601 -1 0 33011 0315 1
13100701 © 0.0 0000 1
13100801 0.0 0315 03150.0.0.0. 1. 1
&

.

* downcomer annulus links to component 305

»

13100502 305010000 © 1 1 0487 2
13100602 -1 0 33011 0487 2
13100702 0 00 0000 2
13100802 0.0 0.487 0.487 0. 0.0.0. 1. 2

*

* 10 downcomer segments linking to component 310
*

13100503 310010000 0O 1 1 0170 3
13100603 -1 0 33011 0170 3
13100703 0 00 0000 3
13100803 0.0 0.170 0.170 0. 0. 0. 0. 1. 3

*

13100504 310020000 0 1 1 0600 4
13100604 -1 0 33011 0.600 4
13100704 0 00 0000 4
13100804 0.0 0.600 0.600 0. 0. 0. 0. 1. 4
*

13100505 310030000 © 1 1 0740 5
13100605 -1 0 33011 0.740 5
13100705 0 0.0 0000 5
13100805 0.0 0.740 0.740 0. 0. 0. 0. 1. 5
*

13100506 310040000 © 1 1 0663 6
13100606 -1 0 33011 0663 6
13100706 © 0.0 00 0.0 6
13100806 0.0 0.663 0.663 0. 0. 0. 0. 1. 6
*

13100507 310050000 10000 1 1 0875 8
13100607 -1 0 33011 0875 8
13100707 0 00 0000 ]
13100807 0.0 0.875 0375 0. 0..0. 0. 1. 8

*

13100508 310070000 © 1 1 0663 9
13100608 -1 0 33011 0663 9
13100708 0 0.0 0000 9
13100808 0.0 0.663 0.663 0. 0. 0. 0. 1. 9
*

13100509 310080000 O 1 1 0282 10
13100609 -1 0 33011 0282 10
13100709 © 00 0000 10
13100809 0.0 0282 0.282 0. 0. 0. 0. 1. 10
*

13100510 310090000 © 1 1 03% 11
13100610 -1 0 33011 0390 11
13100710 0 00 0000 i1
13100810 0.0 0.390 0.390 0. 0. 0. 0. 1. It
*

13100511 310100000 © 1 1 0616 12
13100611 -1 0 33011 05616 12
13100711 © 00 0.0 00 12
13100811 0.0 0.616 0616 0. 0. 0. 0. 1. 12
L]

* top of lower plenum links to component 315
*

13100512 315010000 0 1 1 0175 13
13100612 -1 0 33011 .0.175 13
13100712 0 00 0000 13
13100812 0.0 0.175 0.1750. 0. 0. 0. 1. 13
*

* bottom of lower plenum links to component 320
L 4

13100513 320010000 0 1 1 0285 14
13100613 -1 0 33011 0285 14
13100713 0 00 0000 14
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13100813 0.0 0285 02850.0.0.0. 1. 14 13103100 0 1
* 13103101 6 144.0d-3

* main geometry - ceramic filler plus honcycomb 13103201 5 6
downcomer 1310330100 6
* 13103401 572.00 7
* links between components 335 and 310 13103501 325020000 0 1 1 0426 1
. 13103502 355010000 0 1 1 0.105 2
13101000 6 15 2 1 66.57d-3 13103601 310090000 0 1 1 0426 1
131011000 1 13103602 300010000 0 1 1 0105 2
13101101 4 99.0d-3,4 106.0d-3,2 137.0d-3,4 144.0d-3 13103701 0 00 00 00 2
131012016 4,5 8,22 10,5 14 13103801 194.0d-3 0426 0426 0. 0. 0. 0. 1. 1
1310130100 14 13103802 160.0d-3 0.105 0.105 0. 0. 0. 0. 1. 2
13101401 572.00 15 13103901 50.0d-3 0426 0426 0. 0. 0. 0. 1. 1
13101501 335010000 0 1 1 0612 1 13103902 50.0d-3 0.105 0.105 0. 0. 0. 0. 1. 2
13101502 335020000 0 1 1 0.663 2 .
13101503 335030000 10000 1 1 0875 4 * second part for bottom connector
13101504 335050000 0 1 1 0663 5 .
13101505 335060000 0 1 1 0740 6 * links components 310 and 325
13101601 310080000 0 1 1 0612 1 *
13101602 310070000 0 1 1 0663 2 13104000 1 7 2 1 65.0d-3
13101603 310060000 -10000 1 1 0875 4 131041000 1
13101604 310040000 0 1 1 0.663 5 13104101 6 144.0d-3
13101605 310030000 0 1 1 0740 6 131042015 6
13101701 0 00 00 00 6 1310430100 6
13101801 0.06877 0.612 06120.0.0.0. 1. 1 13104401 572.00 7
13101802 0.06877 0.663 0.6630.0.0.0.1. 2 13104501 325020000 0 1 1 0160 1
13101803 0.06877 0.875 0.8750.0.0. 0. 1. 4 13104601 310090000 0 1 1 0.160 1
13101804 0.06877 0.663 0.663 0. 0. 0. 0. 1. § 13104701 0 00 00 00 1
13101805 0.06877 0.740 0.740 0. 0. 0. 0. 1. 6 13104801 130.0d-3 0.160 0.160 0. 0. 0. 0. 1. 1
13101901 50.0d-3 0.612 0612 0. 0. 0. 0. 1. 1 13104901 50.04-3 0.160 0.160 0. 0. 0. 0. 1. 1
13101902 50.0d-3 0.663 0.663 0. 0. 0. 0. 1. 2 .
13101903 50.0d-3 0.875 08750.0.0.0. 1. 4 * main geometry for stubpipes on vessel
13101904 50.0d-3 0.663 0663 0. 0. 0. 0. 1. § * enhanced cooling from all 12 stub-pipes is assumed
13101905 50.0d-3 0.740 0.740 0. 0. 0. 0. 1. 6 * to improve condensation of stcam in vessel downcomer.
* main geometry - honeycomb downcomer : * the direct heating term is used to input -1.2kw to
* _ * the whole heat structure, distributed equally as
* links between components 300 and 355 * .0.1 kw per stub-pipe.
* 305 350 .
* 310 345 13105000 12 5 2 1 40.0d-3
* 310 325 13105100 0 1
* 13105101 4 122.0d-3
13102000 5 11 2 1 99.0d-3 13105201 1 4
13102100 0 1 13105301 0.0 4
13102101 4 106.0d-3,2 137.0d-3,4 144.0d-3 13105401 550.5
13102201 § 4,22 6,5 10 *
1310230100 10 * upper part of downcomer links to component 300
13102401 572.00 11 *
13102501 325010000 0 1 1 0420 1 13105501 300010000 O 1 1 0144 1
13102502 345010000 10000 1 1 0600 3 13105601 -2 0 33021 0.144 1
13102503 350010000 0 1 1 0487 4 13105701 310 1.0 008333 00 1
13102504 355010000 0 1 1 0210 § 13105801 0.0 0.144 0.144 0. 0.0. 0. 1. 1
13102601 310100000 0 1 1 0420 1 .
13102602 310020000 -10000 1 1 0600 3 .
13102603 305010000 0 1 1 0487 4 * downcomer annulus links to component 305
13102604 300010000 0 1 1 0210 5 .
13102701 0 00 00 00 5 13105502 305010000 0O 11 0144 2
13102801 160.0d-3 0.420 04200. 0. 0. 0. 1. 1 13105602 -2 0 33021 0.144 2
13102802 160.0d-3 0.600 06000.0.0.0. 1.3 13105702 310 1.0 0.08333 00 2
13102803 160.0d-3 0487 0487 0.0. 0. 0. 1. 4 : 13105802 0.0 0.144 0.144 0. 0. 0. 0. 1. 2
13102804 160.0d-3 0.210 0210 0. 0. 0. 0. 1. § *
13102901 50.0d-3 0420 04200.0.0.0. 1. 1 * 10 downcomer scgments linking to component 310
13102902 50.0d-3 0.600 0.600 0. 0. 0. 0. 1. 3 *
13102903 50.0d-3 0.487 0487 0.0.0.0. 1. 4 13105503 310010000 10000 1 1 0.144 4
13102904 50.04-3 0210 02100.0.0.0. 1. § 13105603 -2 0 33021 0.144 4
. 13105703 310 1.0 0.08333 00 4
* geometry for solid parts of downcomer 13105803 0.0 0.144 0.144 0. 0. 0. 0. 1. 4
» *
* first for top and part above bottom connector 13105504 310030000 10000 1 1 0283 8
* 13105604 -2 0 33021 0288 8
*  links components 300 and 355 13105704 310 1.0 008333 00 8

310 and 325 13105804 0.0 0.288 0288 0.0.0. 0. 1. 8

*

131030002 7 2 1 99.0d-3
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13105505 310070000 10000 1 1 0.144 12
13105605 -2 0 33021 0.144 12
13105705 310 1.0 0.08333 0.0 12
13105805 0.0 0.144 0.144 0. 0. 0. 0. 1. 12

.

*
* geometry for thickened vessel walls at supports
*

13106000 2 5 2 1 156.0d-3
13106100 0 1

13106101 4 187.6d-3
13106201 1 4

13106301 0.0 4

13106401 565.5

*

* upper support structure
-

13106501 310010000 O 1 1 0430 1
13106601 -1 0 33031 0430 1
13106701 0 0.0 0.00.0 1
13106801 0.0 0.430 0430 0.0.0. 0. 1. 1

Ld
L d

* lower support structure
*

13106502 310080000 0 1 1 0330 2
13106602 -1 0 33031 0330 2
13106702 © 00 0000 2
13106802 0.0 0330 0.3300.0.0. 0. 1. 2
*

* geometry for vessel flange and power connector
*

13107000 2 5 2 1 156.0d-3
13107100 0 1

13107101 4 280.04-3
13107201 1 4

13107301 0.0 4

13107401 550.3

*
* flange at top of vessel
»

13107501 300010000 0 1 1 0070 1
13107601 -1 0 33041 0.070 1
13107701 © 0.0 0000 1
13107801 0.0 0.070 0.070 0. 0. 0. 0. 1. 1
.

*

* bottom flange and power connector

*

13107502 310100000 0 1 1 0200 2
13107602 -1 0 33051 0200 2
13107702 © 00 0000 2
13107802 0.0 0200 0.200 0. 0. 0. 0. 1. 2
* .

* upper vessel mounting plate with heater rods in it
L J

*

13550000 1 9 3 1 370043
13550100 0 1
13550101 6 500.0d4-3'2 565.0d-3

13550201 8 6 20 8

13550301 106 003

13550401 620.51,733.92,783.73,777.84,721.85
13550402 620.76,477.97,457.8 8, 440.09
13550501 355010000 0O 1 1 0018231
13550601 -2 0 10021 0.01823 1
13550701 100 004106 0.0 0.0 1
13550801 0.0 90.0d-3 90.04-3 0. 0. 0. 0. 1. 1

»*

(232 ]

this section contains the heat structures for the
pressurizer

components defined in this section:-
heat structure geometries: 4100,4101

components referenced in this section:-
pipes: 400,410

branches: 409, 420

implementation:

the structures defined are the vessel walls,

and surge-line pipe walls (included but not used)
a 6 cm layer of rockwool insulation is used
around the outer vessel wall, but this is

removed in this deck to enhance the pressurizer
heat losses to a value of about 8kw, concentrated
at top of pressurizer.

L 2R IR IR JEE JEE JER BEE SN B B N R JEE JNE JEE JEE N JNE R BEE JNE R 2

L]
* main geometry for top of pressurizer
*

14100000 9 5 2 1 62243
14100100 0 1

14100101 4 80.0d-3

14100201 5 4

14100301 0.5 2 0.4 * ext. heaters
14100401 619.0 5

»

* top segment

14100501 409010000 0 110775 1
14100601 -1 0 34021 0775 1
14100701 0 00 0000 1
14100801 0.0 0.775 0.775 0. 0. 0. 0. 1. 1

*

*

* middle segments

* pressuriser heaters modelled by lower-most 5 slabs

* each producing 20% of total pressuriser heating power
* of up to 20 kw, and this power goes directly into fluid
* adjacent to slab. the total power is switched on or off
* in steps to maintain liquid at saturation temperature.

* table 401 gives external heat loss coeff as a function
* of time for all slabs in top, middle & bottom segments
* for the purpose of collapsing the stcam bubble

* and reducing system pressure.

- .

14100502 410010000 10000 1 1 0500 7
14100503 410070000 O 1 1 058 8
14100504 420010000 O 1 1 0690 9
14100602 -1 0 34011 0900 7
14100603 -1 0 34011 0585 8
14100604 -1 0 34011 0690 9
14100702 0 00 0000 4

14100703 400 02 O. 0.0 9

14100802 0.0 0.900 0.900 0. 0.0. 0. 1. 9

L

* bottom part with thick flange
*
*
*

* connects to component 420
L
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14101000 1 5 3 1 91243

14101100 0 1

14101101 4 154.6¢-3

14101201 5 4

14101301 0.0 4

14101401 619.5 '
14101501 420010000 0O 1105 1
14101601 -1 0 34011 05 1
14101701 © 00 00 00 1
14101801 00 05 050.0.0.0. 1. 1

.

.‘. F'TT ]
RS
*
* this section contains the heat structures for the

*  vessel upper head.
*

* components defined in this section:-
L ]

*  heat structure geometries:  3650,3700,3800
*

* components referenced in this section:-
*

pipes: 370
snglvols: 363,365,380

implementation:

* & & 4 & & 8 »

* inlet pipe
[ ]

* connects to component 365

*

13650000 2 5 2 1 0.010
13650100 0 1

13650101 4 0.013
13650201 5 4

13650301 0.0 4

13650401 571.5

.

* structure no. 1
L]

13650501 363010000 0 1 1 1416 1
13650601 0O 0 01 1416 1
13650701 © 0.0 0.0 0.0 1
13650801 0.0 1416 1416 0.0. 0. 0. 1. 1
*

* structure no. 2
*

13650502 365010000 © 1 1 3169 2
13650602 0 0 01 3169 2
13650702 0 0.0 0000 2
13650802 0.0 3.169 3.1690.0.0.0. 1. 2
*

 upper head links to component 370
L}

13700000 3 5 2 1 60.0d-3
13700100 0 1

13700101 4 80.0¢-3
13700201 5 4

13700301 0.0 4

13700401 571.5

*

the structures defined are simply the tube walls.

* structure n0. 1
L ]

]

13700501 370010000 0 1 1 923 1
13700601 © 0 01 923 1
13700701 © 00 0.0 0.0 1
13700801 0.0 923 923 0.0.0.0. 1. 1

.

* structure n0. 2
»

13700502 370020000 0 1 1 .85 2
13700602 © 0 01 8 2
13700702 0 00 0000 2
13700802 0.0 855 .8550.0.0.0.1. 2

.

* structure n0. 3

®

13700503 375010000 0 1.1 923 3
13700603 © 0 01 923 3
13700703 © 00 0000 3
13700803 0.0 923 9230.0.0.0.1. 3

L

* outlet pipe
L ]

* connects to component 380
*
13800000
13800100
13800101
13800201
13800301 0.0
13800401 571.5 ]

13800501 380010000 0 1 1 1504 1
13800601 0 0 0 1 1504 1
13800701 © 00 0000 1
13800801 0.0 1.504 1.504 0. 0.0. 0. 1. 1
*

2 1 0010

5

1
0.013
4

4
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this section contains the heat structures for the inlet
and outlet piping & the inlet and outlet plena for both
intact and broken loop steam generators.

it does does include the u tubes or any of the secondary
side heat structures.

components defined in this section:-

heat structure geometries: 1200,1202,1204,1205
2100,2102,2104,2105

components referenced in this section:-

pipes: 120 210 530 630

implementation:

the 8 geometries defined cover the piping, plenum
walls, dividing plate between the plena and the tube
sheet for both loops. the plenum walls are arranged
to have the correct internal surface area despite
being the wrong shape. the wall thickness is adjusted
to give the correct total mass.

L2 BN JBE JEE NN JNE K K BN IR R K B R I NN I JEE NEY RN N R R SR S Y

* intact loop geometries
*

* inlet and outlet piping geometries
. .

11200000 2 5 2 1 58.85d3
11200100 0 1
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11200101 4 70.6d-3 *

11200201 § 4 * inlet and outlet piping geometries
11200301 0.0 4 .

11200401 572.5 12100000 2 5 2 1 34.15d-3
b 12100100 0 1

* structure n0. 1 and 2 dhss cylinder(s):- 96 and 101 12100101 4 41.754-3

* 12100201 5 4

* links to:- component 120 12100301 0.0 4

* 12100401 572.5

11.200501 120010000 450000 1 1 1.734 2

11200661 0 0 0 1 L1734 2 structum n0.12and2 dhss cylmder(s) 102 and 106
11200701 0 0.0 0.0 0.0 2

11200801 0.0 1.734 1.734 0. 0. 0. 0. 1. 2 ‘lmks to:- component 210

* *

. 12100501 210010000 250000 1 1 1909 2
* plenum walls 12100601 0O 0 01 1909 2

* 12100701 0 00 0000 2
11202000 2 S5 2 1 156.0d-3 12100801 0.0 1.909 1.909 0. 0. 0. 0. 1. 2
11202100 0 1 *

11202101 4 185.5d-3 *

11202201 5 4 * plenum walls

11202301 00 4 b

11202401 571.5 12102000 2 5 2 1 102.04-3

. 12102100 0 1

* structure n0. 1 and 2 dhss cylinder(s):- 97 and 99 12102101 4 121.35d-3

* 12102201 5 4

* links to:- component 120 12102301 0.0 4

> 12102401 572.5

11202501 120020000 430000 1 1 .171 2 *

11202601 0 0 01 a7 2 * structure n0. 1 and 2  dhss cylindex(s):- 97 and 99
11202701 0 0.0 0.000 2 hd

11202801 0.0 340 340 0.0.0. 0. 1. 2 * links to:- component 210

* L

* tube plate 12102501 210020000 230000 1 1 .107 2
* 12102601 0 0 o 1 .107 2
11204000 2 5 1 1 00 12102701 0 00 0000 2
11204100 0 1 . . 12102801 0.0 .214 214 0.0.0.0. 1. 2
11204101 4 90.0d-3 .

11204201 5 4 * tube plate

11204301 00 4 *

11204401 590.01,581.02,572.03,563.04,554.0 5 12104000 2 5 1 1 00

* 12104100 0 1 '

* structure n0. 1 and2 dhss rectangle(s):-4 and 6 12104101 4 60.04-3

. . 12104201 5 4

* links to:- components 120 and 530 12104301 0.0 4

. 12104401 590.01,581.02,572.03,563.04,554.05
11204501 120020000 430000 1 0 40.2d-3 2 *

11204601 530010000 0 1 0 402d-3 2 * structure n0. 1 and 2 dhss rectangle(s):- 4 and 6
11204701 © 00 0000 2 *

11204801 0.0 .1000 .1000 0. 0. O
11204901 0.0 .1000 .1000 0. 0. 0.
”

12104501 210020000 230000 1! 0 19.4d-3 2
1

. 0. 1.2 * links to:~ components 210 and 650
0.12

* dividing plate 12104601 630010000 O 1 0 194d-3 2
* 12104701 0 0.0 0.0 00 2
11205000 1 5 1 1 00 12104801 0.0 .1000 .1000 0. 0. 0.0. 1. 2
11205100 0 1 ' 12104901 0.0 .1000 .1000 0. 0. 0. 0. 1. 2
11205101 4 25.0d-3 *
11205201 5 4 * dividing plate
11205301 0.0 4 b
11205401 572.5 12105000 1 5 1 1 0.0
. 12105100 0 1
* structure n0. 1 dhss rectangle(s):- 5 12105101 4 20.0d-3
. 12105201 5 4
* links to:- component 120 12105301 0.0 4
* - 12105401 572.5
11205501 120020000 0 1 0 963d-31 *
11205601 120430000 0O 1 0 963431 * structure n0. 1 dhss rectangle(s):- §
11205701 © 00 0000 1 .
11205801 0.0 .340 340 0.0.0.0. 1. 1 * links to:- component 210
11205901 00 340 3400.0.0.0. 1. 1 *

12105501 210020000 © 1 0 392431
‘btokcn loop geometrics 12105601 210250000 O 1 0 392431

A7-34



.0 1
0.0 11
0.0.1.1

12105701 © 00 0.
12105801 0.0 214 214 0.
12105901 0.0 214 214 0.
»

00
0.
0.
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*
*
*
-

this section contains the heat structures for

the two pumps not included in the loop piping.

the inlet and outlet parts of the pumps, and both
flanges are incorporated in the loop piping on either
side of the pumps.

components defined in this section:-

heat structure geometries:-  1370,2300

* % % B & B 0 B ENR

* components referenced in this section:-
*

*  branches:- 137,230

* implementation:-

*

the heat slabs model the metalwork around the pump
bow! plus the cooling due to the pump cooling water
which flows in a jacket at the top of the pump body.

the modelling is fairly crude, and only roughly

- represents the complex conduction paths through
the pump by using spherical goemetry to account
in part for the 3d effects.
the heat slabs have to be linked to the branches
downstream of the pumps because the program does
not allow heat slabs on pump volumes.

the scal flow for the pump is modelled separately
in the next section.

* & B B B B BB REE RN R R

* intact loop pump links to component 137
-

11370000 1 5 3 1 100.0d-3
11370100 0 1

11370101 4 160.0d-3
11370201 5 4

11370301 0.0 4

11370401 565.01,479.02,408.0 3,349.04,298.05
11370501 137010000 0 1110 1
11370601 -2 0 31071 10 1
11370701 0 00 0.000 1
11370801 0.0 300.0d-3 300.0d-3 0. 0. 0. 0. 1. 1
*

* broken loop pump  links to component 230

*

12300000 1 S 3 1 100.0d-3
12300100 0 1
12300101 4 160.0d-3
12300201 5 4
12300301 0.0 4
12300401 565.01,479.02,408.0 3,349.04,298.0 5
12300501 230010000 0 1110 1
12300601 -2 0 32071 10 1
12300701 0 00 0000 1
12300801 0.0 300.0d-3 300.0d-3 0. 0.0.0. 1. 1

*5e
L 2% 2
L

*  this section contains the pump seal flow model
*  for both the intact and broken loop pumps

*

* components defined in this section:-
L ]

*  cntrivar :- 135,136,137 225,226,227
* 138,139 228,229

¢ tmdpvol :-136 226

*  tmdpjun :-134 224

*

* components referenced in this section:-

*

*  branch : 133 223

*

* pump : 135 225

*

*

* implementation:-

*

*  the seal flow is modelled as a flow from & time

dependent
*  volume through a time dependent junction. the flow rate
* s atabulated function of pressure difference between
*  the seal water and primary loop fluid, and the
temperature
* of the scal water is adjusted to allow for heating up
* effects before it contacts the primary fluid. the heat-up
* s a function of pump speed and system fluid
temperature.
L)
the term representing conduction from primary fluid as
5 * fluid temp in pump volume has been removed for
both pumps

*
*
*
*
* note:

*  the supply pressure for the scalwater is assumed fixed

*  at 194 bar for this model. this corresponds to the present
*  system used during the new small break test program.

¢ jfthe pressure is controlled manually during any test

*  then a table of time versus seal injection pressure

*  should be included.

*

*

*

*

*

*

calculate pressure difference

20513500 scaldp sum 1.0e-500 1
20513501 0.0 1.0 p 136010000 -1.0 p 135010000
*

¢ setup table of flow versus pressure difference
*  table values based on measured flow vs press.diff
»

1340000 scalflow tmdpjun

1340101 136000000 138000000 3.0d-4
1340200 1 0 cnulvar 135

1340201 0.0 .01d-3 00 00

1340202 30.0 12.1d-3 0.0 0.0

1340203 60.0 13.7d-3 0.0 0.0

1340204 65.0 15.1d-3 0.0 0.0

1340205 72.5 16.2d-3 0.0 0.0

1340206 96.0 12.86-3 0.0 00

1340207 120.0 12.84-3 0.0 0.0

1340208 145.0 11.2d-3 0.0 0.0

1340209 1650 8.84-3 0.0 00

1340210 166.0 9.6d-3 0.0 0.0

1340211 180.0 8.0d-3 0.0 0.0

1340212 200.0 6.0d-3 0.0 0.0

*

*  define the dependence between seal water

*  temperature, pump speed and system temperature
*

20502500 ilpvelab swdfiactn 1.0 4684 0
20502501 abs pmpvel 135
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20513600 secalfric powerr 8.54-5 0.0 1

20513601 cntrlvar 025  2.65

20513700 energyin sum 1.0 00 1

20513701 0.0 *notused * conversion to centigrade
20513702 44 cntrlvar 025

20513703 1.0 cntrlvar 136

20513800 temprise div = 0.24¢-350.0 0

20513801 mflowj 134000000 catrivar 137
20513900 scaltemp sum 1.0 00 1 3 0.0 300.0
20513901 250  * seal water inlet temperature
20513902 1.9 cntrivar 138

*  now define the time dependent volume for seal water
*

1360000 sealwatr tmdpvol

1360101 1.0 1.0 0.0 0.0 0.0 0.0

1360102 2.3d-5 0.0 00

1360200 3 0 cntrivar 139

1360201 1.0 194.0d5 274.0 *conversion to kelvin
1360202 330.0 194.0d5 603.0

*

* broken loop:
*

*  calculate pressure difference

*®

20522500 secaldp sum 1.0e-500 1

20522501 0.0 1.0 p 226010000 -1.0 p 225010000
[ ]

*  setup table of flow versus pressure difference
*  table values based on measured flow vs press.diff
»

2240000 sealflow tmdpjun

2240101 226000000 228000000 3.0d-4
2240200 1 0 cntivar 225

2240201 0.0 .01d-3 0.0 0.0

2240202 300 6.34-3 0.0 0.0

2240203 720 10.6d-3 0.0 00

2240204 84.0 10443 0.0 0.0

2240205 94.0 10.3d-3 0.0 0.0

2240206 113.0 9.84-3 0.0 0.0

2240207 114.0 9.04-3 0.0 0.0

2240208 120.0 8.3d-3 0.0 0.0

2240209 165.0 5.7d-3 0.0 0.0

2240210 166.0 6.6d-3 0.0 0.0

2240211 175.0 5.64-3 0.0 0.0

2240212 176.0 5.6d-3 0.0 0.0

2240213 200.0 4.5d-3 0.0 00

»

*  define the dependence between seal water
*  temperature, pump speed and systermn temperature
L 3

20502600 blpvelab stdfnctn 1.0 332240
20502601 abs  pmpvel 225
L ]

20522600 scalfric powerr 8.54-5 0.0 1

20522601 cntrivar 026  2.65

20522700 energyin sum 1.0 00 1

20522701 0.0 *notused * conversion to centigrade
20522702 4.4 catrlvar 026

20522703 1.0 catrivar 226

20522800 temprise div  .24¢-3 500 0

20522801 mflowj 224000000 cntrlvar 227
20522900 scaltemp sum 1.0 0.0 1 3 0.0 300.0
20522901 25.0  * scal water inlet temperature
20522902 1.d9 catrivar 228

*  now define the time dependent volume for seal water
]

2260000 sealwatr tmdpvol

2260101 1.0 1.0 0.0 0.0 0.0 0.0

2260102 2.3d-5 0.0 00

2260200 3 0 cntivar 229

2260201 1.0 154.0d5 2740 *conversion to kelvin

2260202 330.0 194.0dS 603.0
»

20576000 pmpsealt sum 1.0 0.0 1
20576001 0.0025 1.0 mflowj 134000000

20576002 1.0 mflowj 224000000
*
ERRREEERNERRERENRAEEEXE XA RBEEFROXROXRIBRE AR R ES
sERR
. .
* heat loss heat transfer *
* »
[ 2 SEERERRIRRERRRERERRNES

P11 2]

*

* contents of this section:-

*

this section contains tables for heat transfer coef-
ficients and for ambient temperature and cooling wa-
ter temperature as needed for the modelling of the
the heat losses from the insulated parts and from

the instrument cooling.

tables defined in this section:-
tables:  ht-coefficients for:

101 to 107 intact loop

201 10207 broken loop

30110306 wvessel

401 pressurizer

501 intact loop steam generator secondary side
601 broken loop steam generator secondary side

tables:  anticipated temperatures for:

001 the ambient
002 the cooling water

components referenced by this section:-
none
implementation:-

the heat Josses found in the heat loss experi-
ments hl-1 and hl-2, form the basis for the
following tables of heat transfer coefficients.

for all cylindrical heat structures the heat
loss heat transfer cocfficient is found as:

h = 1/((tin-tac)/q+rowk*In(rin/rou))

where: h = heat transfer coefficient
tin = inner wall temperature
tac = ambient or cooling water temperature
q =heat loss heat flux (= heatflow/area)
rou = outer tube radius
rin = inner tube radius
k = wall heat conduction coefficient

L 2NN B B B IR N I I I N B BN N JEE BN IR R B R R R R IR I N R EE BE IR R B K I R B B K B 2R 2R B R J

=
* table of ambient temperature vs time (25 ¢ assumed)
20200100 temp

20200101 0.0 -298.15

*

* table of cooling water temperature vs time (15 ¢)
20200200 temp

20200201 0.0 288.15

*

* intact loop
]

* referenced by heat structure 1000001
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20210100 htc-t
20210101 0.0 81.147
*

* referenced by heat structure 1000002
20210200 htc-t

20210201 0.0 37.358

*

* referenced by heat structure 1000003
20210300 hte-t

20210301 0.0 56.87

L]

* referenced by heat structure 1000004
20210400 htc-t

20210401 0.0 89.128

*

* referenced by heat structure 1000005
20210500 htc-t

20210501 0.0 29.044

*

* referenced by heat structure 1000006
20210600 htc-t

20210601 0.0 80.26

*

* referenced by heat structure 1370001
20210700 htc-t

20210701 0.0 85.69

*

* broken loop
*
* referenced by heat structure 2000001
20220100 htc-t

20220101 0.0 88.01

[ ]

* referenced by heat structure 2000002
20220200 -htc-t

20220201 0.0 83.369

*

* referenced by heat structure 2000003
20220300 hte-t

20220301 0.0 45.7

*

* referenced by heat structure 2000004
20220400 hte-t

20220401 0.0 549

L 3

* referenced by heat structure 2000005
20220500 htc-t

20220501 0.0 24.7

*

* referenced by heat structure 2000006
20220600 htc-t

20220601 0.0 9247

*

* referenced by heat structure 2300001 & 2000001
20220700 htc-t

20220701 0.0 156.66

]

* referenced by heat structure 2001001 & 2001002
* insulated pipework in bunker, ht.loss set to zero
20220800 htc-t

20220801 00 0.0

-

*  vessel

L Jp—

L

* insulated parts

* referenced by heat structures 3100001-014
20230100 htc-t

20230101 0.0 0.75

*

* stub pipes
* referenced by heat structures 3105001-012

20230200 hte-t
20230201 0.0 6.0
L]

* supports

* referenced by heat structures 3106001-002
20230300 htc-t

20230301 0.0 4.06

]

* upper flange

* referenced by heat structure 3107001
20230400 htc-t

20230401 0.0 39.93

[ ]

* lower flange and power connector

* referenced by heat structure 3107002
20230500 htc-t

20230501 0. 117.97

]

* upper mounting plate

* referenced by heat structure 3550001
20230600 htc-t

20230601 0.0 1311.54

»

*  pressurizer
*
* referenced by structures 4100002-009
20240100  hte-t

20240101 0.0 1.61

*

* referenced by structures 4100001
20240200 hte-t
20240201 0.0 1.61

2
steam generator secondary sides

*
*
*
* intact loop
*
20250100 htc-t
20250101 0.0 1956
L4

¢ referenced by heat structures 5601001, 5602001
* heat loss in steam dome slightly higher
20250300 hte-t

20250301 0.0 225

*

]

*  broken loop
»
.

* referenced by heat structures 6101001-004,
* 6551001 and 6601001-002

20260100 htct

20260101 0.0 2246

*®

* referenced by heat structures 6601001
* heat loss in steam dome slightly higher
20260300 hte-t

20260301 0.0 2.568

*

* steam lines
&

* referenced by heat structures 5641001,
* and 6641001

20260200 htc-t

20260201 - 0.0 5.1

*

kiR L2
*8e%
* *
* *
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*

. heat structure thermal property daia .
*

* ni 201 - thermal conductivity
*

sassinnd hb s 20100401 293.0 79.2

see 20100402 533.0 619
20100100 tbl/fctn 1 1 *inconel 625 20100403 813.0 59.0
20100200 tbl/fetn 1 1  *inconel 718 20100404 1088.0 64.8
20100300 tbl/fetn 1 1 *1.4948 *

20100400 tbl/fetn 1 1 *ni201 * ni 201 - volumetric heat capacity
20100500 tbl/fetn 1 1 *1.4571 *

20100600 tbl/fctn 1 1 *al203 20100451 293.0 4.0425¢6
20100700 tbi/fctn 1 1  *incoloy 800 20100452 1366.0 4.0425¢6
20100800 tbl/fetn 1 1 *60%inco718+40%ni201 *

20100900 tbl/fetn 1 1 *crud layer (fe3 o4) * 1.4571 - thermal conductivity
20101000 tbl/fctn 1 '  *rockwool insulation *

20102000 tbl/fetn 1 1  *copper 20100501 2930 14.0
20102100 ‘c-steel’ 0 0  *mild steel for y-beam 20100502 400.0 15.5
20102200 tbl/fetn 1 1  *psuedo matl. for gap 20100503 600.0 183

* 20100504 800.0 21.0

* inconel 625 - thermal conductivity

20100505 1000.0 23.7
*

20100101 293.0 10.01 * 1.4571 - volumetric heat capacity

20100102 4730 125 *

20100103 573.0 139 20100551 293.0 3.578¢6

20100104 673.0 153 20100552 400.0 3.762¢6

* 20100553 6000 4.090¢6

* inconel 625 - volumetric heat capacity 20100554 800.0 4.363¢6

* 20100555 1000.0 4.615¢6

20100151 293.0 3.460¢6 *

20100152 373.0 3.671e6 * al203 - thermal conductivity

20100153 473.0 3.866¢6 *

20100154 573.0 4.051c6 20100601 293.0 41.9
4.262¢6 20100602 373.0 35.6

20100155 673.0
* 20100603 7730 126

* inconel 718 - thermal conductivity 20100604 10730 84
* .

20100201 293.0 11.1 * a]203 - volumetric heat capacity
20100202 3730 124 .
20100203 473.0 14.0 20100651 2930 4.0425d+6
20100204 573.0 157 20100652 1073.0 4.0425d+6
20100205 2273. 44.0 *
*

* incoloy 800 - thermal conductivity
&

* inconel 718 - volumetric heat capacity
* 20100701 2940 115
20100251 293.0 3.522¢6 20100702 533.0 157
20100252 1366.0 3.522¢6 20100703 811.0 20.1
* 20100704 1089.0 25.1
»

* 1.4948 - thermal conductivity
hd * incoloy 800 - volumetric heat capacity
20100301 293.0 169 *
20100302 300.0 17.0 20100751 294.0 4.174¢6
20100303 400.0 183 20100752 1366.0 4.174¢6
20100304 5000 189 *
20100305 600.0 20.1
20100306 700.0 212
20100307 800.0 224
20100308 9000 235
20100309 1000.0 24.7
20100310 10500 253
L ]

¢ 60% inconel 718 + 40% ni201 - thermal conductivity
[ ]

20100801 293.0 38.5
20100802 373.0 36.9
20100803 473.0 35.0
20100804 533.0 3338
20100805 573.0 34.1
20100806 313.0 335

* 1.49483 - volumetric heat capacity
* 20100807 1088.0 40.6
*

20100351 293.0 3.966¢6

20100352 300.0 3.988¢6 * 60% inconel 718 + 40% ni201 - volumetric heat capacity
20100353 400.0 4.125¢6 .

20100354 500.0 4.261c6, 20100851 293.0 3.736d6

20100355 600.0 4.401c6 20100852 1366.0 3.736d6

20100356 700.0 4.535¢6 *

20100357 800.0 4.669¢6 * crud layer (magnetite fe3o04) - thermal conductivity
20100358 900.0 4.792¢6 .

20100359 1000.0 4.968¢6

20100901 1.5
20100360 1050.0 5.066¢6 b
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* crud layer - volumetric heat capacity
-

20100951 2.366¢6
.

* rockwool insulation - thermal conductivity
*
20101001 273.0 0.04
20101002 373.0 0.05
20101003 573.0 0.11
20101004 873.0 0.15
*

* rockwool insulation - volumetric heat capacity
L]

20101051 1.34¢5
»

* copper - thermal conductivity
*

20102001 386.0
.

* copper - volumetric heat capacity
[ ]

20102051 3.43¢6
L]

* gap psuedo matl. - thermal! conductivity
*

20102201 293.0 3.06
20102202 400.0 3.55
20102203 600.0 4.80
20102204 800.0 6.65
20102205 1000.0 9.33
*

* gap psucdo heat capacity
L S —

20102251 293.0 .783¢6
20102252 400.0 .860c6
20102253 600.0 1.072¢6
20102254 800.0 1.380¢6
20102255 1000.0 1.818¢c6

L L2 L

* *

. general tables .

[ ] *

S98S

* electrical power control curve »

* as specified by mr.seeberger, siemens/kwu report 1212 *
* dated 9.01.90 and modified on 25.01.90 at jrc ispra  *

* CISXERS SRR SAESREEDESERRERIEENR
888

20210000 power 512 1. 1e3
20210001 0.00 53079
2021000238 42499
20210003110  1651.0
20210004 18.1 7489
20210005252 5619
2021000632.6 4179
20210007397 3469
20210008469 3109
20210009542  288.9
20210010613  266.9
20210011756 241.0
20210012972 2219
20210013 1189 2059
20210014 1405 1979
20210015 1693 1879
20210016 270.1 1589
202100173205 1509
202100184142 1399
20210019 515.0 1359
20210020 867.7 123.0
20210021 13462 1099

20210022 1969.2 98.9
20210023 2970.1 92.9
20210024 3967.5 85.9
20210025 4969.2  79.0
20210026 5969.2 729
20210027 68262 719

xEEREES SRS ARECREREEERLENRB SRR RN ERES

*EEE

* rpv stub-pipe cooling to enhance condensation inthe *

* vessel downcomer annulus. hd
L 2% SRR ESRRERESRRESRREREROERER

se%e

20231000 power 522
20231001-10 1.0
20231002 0.0 1.0
20231003 50000.0 1.0

SRRV R RRESRSRERRD L1221
sEER

* pressuriser heating power control system — 2 kw max *
* power on during stcady-state to maintain saturation. *
* zero power applied during trip off period & transient. *

[ 122 . FESROERREV AR R SRR B R AR
LE 12

20240000 power 509 . 1.0 2.1d+3
20240001 -1.0 0.0
20240002 -0.01 0.0
20240003 0.0 0.0
20240004 0.1  0.05
20240005 1.0  0.05
20240006 1.01 0.10
20240007 20 0.10
20240008 2.01 025
20240009 3.0 025
20240010 3.01 0.50
20240011 40 0.50
20240012 4.01 0.75
20240013 50 0.75
20240014 5.01 1.00
20240015 20000.0 1.00

[ 22 LR A2 A2 Q2SI IR 2 I 22 2]
sEEE

* pressure-temperature curve used for warm-up transients *
SEREREEERERER R SR KR SR EBR LA REEPNIRREENES SO XER RSO ERE
k%

20240300 htc-temp
20240301 300.0 50.0d5
20240302 4230 55.0d5
20240303 473.0 65.0d5
20240304 538.0 100.0dS
20240305 543.0 158.0d5
20240306 1000.0 158.0d5

1.0 -0.0012d+6

SHEEBEESRRRD

* pressure-temperature curve

L1 (X1 ]
*EPR
* argus ball valve opening characteristics. .
* normalised stem position against normalised free area. *
* based on idel'chik spherical ball-valve data .

20215000 normarea

20215001 0.0000 0.00
20215002 0.2556 0.05
20215003 0.3889 0.11
20215004 0.4444 0.19
20215005 0.5000 027
20215006 0.5556 0.35
20215007 0.6111 0.44
20215008 0.6667 0.52
20215009 0.7222 0.60
20215010 0.7778 0.69
20215011 0.8333 0.77
20215012 0.8889 0.85
20215013 0.9444 093
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20215014 1.0000 1.00

3608 NS [ 2 2]

b2 L L]

*  d

* control systems .

* e —— *

* control variable functions for control & regulation *

* & additional output variables *

* »

XSk L2122 ] NERBOERCER SRR DR RRRES
298

* total core power hd

* electrical heater rod bundle *

REREBEENBR
L2 1 L]

20501000 topower sum 1.0 00 1

(111

2050100100 0.35396 htar 325100101
20501002 043228 htnr 334100101
20501003 0.89050 htrnr 335100101
20501004 143300 hunr 335200101
20501005 1.8912 htrnr 335300101

20501006 1.8912 htrnr 335300201

20501007 1.4330 htrar 335500101

20501008 0.89050 htrmr 335600101
20501009 0.70894 htrnr 336600101
20501010 1.2968 htnr 345100101

20501011 1.2068 htrnr 345100201

20501012 1.0526 htrar 345100301

20501013 0.68085 htrnr 345100401
20501014 0.031362 htrnr 355000100
BEEOREISNEERED [ 1 2]
PRERRRERES

* pressurizer heating power controller *

] [ 1) (21121 ]
o%%s

*

* heating power is applied in steps to ensure water in

* pressurizer remains at saturation during steady-state.
* atime-dependent volume with constant pressure used to
* initialize primary system pressure during steady-state.
* tables referenced:

. 400 heating power increments

*

403 required pressure at given temperature
*

20541500 reqdpres function 1.0
20541501 tempf 350010000 403
*

00 1
20541600 tempgprz sum 1.0 00 1
2054160100 10 tempg 409010000
*

20541700 tempfprz sum 10 00 1
2054170101 1.0 tempf 410070000
]

20542000 prhtrpw sum 1.0 00 1

20542001 0.0 026966 htmr 410000900

20542002 022863 htmr 410000800

20542003 035173 htnr 410000700

20542004 035173 htmr 410000600

20542005 0.35173 hunr 410000500

L

¢ determination of time step size

]

20500100 & sum 1.0 1.0d-6 1

20500101 0.0 1.0 time 0

20500102 -1.0  cntrlvar 002

* .

20500200 time sum 1.0 0.0 1
time 0

20500201 0.0 1.0
*

*
* pressurizer pressure control
*

20582100 priz01  sum 0.05 00 1
20582101 159.0d5 -1.0 P 350010000

L ]

20582200 priz02 mult 10 0.0 1

20582201 cntrivar 001 cntrivar 821

&«

20582300 priz03 sum 1.0 157.56d5 0 1 150.0d5
20582301 0.0 1.0 P 430010000
20582302 1.0 cntrivar 822

L ]

RERXQEEEER * kXEER
2323

* mass inventory >

* mass intact loop without pressurizer

s

20510800 massill sum 10 00 1

20510801 0.0  3.139784-3 rho 100010000
20510802 3.17817d-3 rho 105010000
20510803 6.82560d-3 rho 110010000
20510804 2.67905d-3 rho 110020000
20510805 1.928017d-2 rho 120010000
20510806 9.93200d-3 rho 120020000
20510807 1.0681d-3 rho 120030000
20510808 1.0681d-3 rho 120040000
20510809 1.0681d-3 rho 120050000
20510810 1.0681d-3 rho 120060000
20510811 9.05d-4 rho 120070000
20510812 9.05d-4 rho 120080000
20510813 9.05d4 rho 120090000
20510814 9.05d-4 rho 120100000
20510815 1.81d-3 rho 120110000
20510816 1.81d-3 rho 120120000
20510817 1.81d-3 rho 120130000
20510818 1.81d-3 rho 120140000
20510819 3.62d-3 rho 120150000
20510820 3.62d-3 rho 120160000

*

20510700 massil2 sum 1.0 00 1
20510701 0.0 3.62d-3 rho 120170000
20510702 3.62d-3 rho 120180000
20510703 3.62d-3 rho 120190000
20510704 3.62d-3 rho 120200000
20510705 3.62d-3 rho 120210000
20510706 3.62d-3 rho 120220000
20510707 7.3484-3 rho 120230000
20510708 7.348d4-3 rho 120240000
20510709 3.62d-3 rho 120250000
20510710 3.62d-3 rho 120260000
20510711 3.62d-3 rho 120270000
20510712 3.62d-3 rho 120280000
20510713 3.62d-3 rho 120290000
20510714 3.62d-3 rho 120300000
20510715 3.62d-3 rho 120310000
20510716 3.62d-3 rho 120320000
20510717 1.81d-3 rho 120330000
20510718 1.81d-3 rho 120340000
20510719 1.81d-3 rho 120350000
20510720 1.81d-3 rho 120360000

®

20510600 massil3 sum 1.0 00 1
20510601 0.0 9.05d-4 rho 120370000
20510602 9.05d-4 rho 120380000
20510603 9.05d-4 rho 120390000
20510604 9.05d-4 rho 120400000
20510605 1.06814-3 rho 120410000
20510606 1.0681d-3 rho 120420000
20510607 1.0681d-3 rho 120430000
20510608 1.0681d-3 rtho 120440000
20510609 1.928017d-2 rho 120460000
20510610 9.93200d-3 rho 120450000

*
SASRERESEERE NS NEER RS RRETREE SR RBERAABERBREERES
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* : o 20520601 0.0 12.069d4 rho 210190000

20510900 massil2 sum 1.0 00 1 20520602 12.069d-4 rho 210200000
20510901 0.0  4.39398d-3 rho 130010000 20520603 6.0345d-4 tho 210210000
20510902 3.28055d-3 rho 130020000 20520604 6.0345d4 rho 210220000
20510903 6.87253d-3 rho 130030000 20520605 6.75864d-4 rho 210230000
20510904 2.66625d-3 rho 130040000 20520606 6.75864d-4 rho 210240000
20510905 6.87253d-3 rho 130050000 .
20510906 3.28055d-3 rho 133010000 20520900 massbl2 sum 1.0 00 1
20510907 1.99994d-3 rho 135010000 2052090100 1.73920d-3 rho 220010000
20510908 3.15257d-3 rho 137010000 20520902 1.92447d-3 rho 220020000
20510909 4.95709d-3 rho 140010000 20520903 1.23680d-3 rho 220030000
20510910 4.95709d-3 rho 140020000 20520904 1221784-3 rho 220040000
20510911 3.58771d-3 rho 145010000 - 20520505 1.23680d-3 rho 220050000
* 20520906 1.92447d-3 tho 223010000
20511000 massil sum 10 00 1 20520907 2.00093d-3 rho 225010000
2051100100 1.0  cntrlvar 108 20520908 1.43543d-3 rho 230010000
20511002 1.0 cntrivar 109 20520909 2.10812d-3 rho 240010000
20511003 1.0 cntrlvar 106 20520910 1.51891d-3 rho 250010000
20511004 1.0 cntrlvar 107 20520911 1.17507d-3 rho 260010000
SS9 ERPEES "o ]
b 20521000 massbl sum 10 0.0 1
* mass pressurizer . 2052100100 1.0  cntrivar 208
. e b * 20521002 1.0  cntrivar 209
b ’ 20521003 1.0 ecntrlvar 207
20540000 masspr sum 1.0 00 1 20521004 1.0 cntrlvar 206
20540001 00 1_03270d_2 ‘ho moloom BREEBEEP SRR EFEREEEERSREESRAREERRREN NSRRI ENEIR RS
20540002 1.09197d-2 rho 410010000 bk '
20540003 1.09386d-2 tho 410020000 * mass pressure vessel .
20540004 1-0938“_2 fho 4]0030000 . SRR A RERSERRERERNE R RSB OSSERORER LD EL SRR LR RS RN
20540005 1.093864-2 rho 410040000 A
20540006 1.09386d-2 rho 410050000 20531800 massvesl sum 1.0 00 1
20540007 1.09386d-2 rho 410060000 2053180100  3.5627d-3 rho 300010000
20540008 4.66362d-3 rho 410070000 20531802 5.50797d-3 ho 305010000
20540009 6.36337d-3 rtho 420010000 20531803 6.78600d-3 rho 310010000
20540010 2.36751d-4 rho 400010000 * i 20531804 6.78600d-3 tho 310020000
20540011 3.55810d-4 rho 400020000 * hot 20531805 8.36540d-3 rho 310030000
20540012 3.83180d-4 rho 400030000 * leg 20531806 7.49853d-3 rtho 310040000
e i 20531807 9.89625d-3 rho 310050000
b 20531808 9.89625d-3 rho 310060000
* mass broken loop * 20531809 7.49853d-3 rho 310070000
(121 CEER O SRR SR GRRVREBNERESEESER % 2053‘810 6.921"2d.3 fho 310080000
hibdaid 20531811 4.41090d-3 rho 310090000
20520700 massbll sum 1.0 00 1 20531812 6.96696d-3 rho 310100000
20520701 0.0  1.25016d-3 rho 200010000 20531813 1.33794d-2 tho 315010000
20520702 1.44380d-3 rho 203010000 20531814 1.337944-2 tho 320010000
20520703 1.11164d-3 rho 206010000 20531815 1.48166d-2 rtho 325010000
20520704 1.11164d-3 rho 206020000 20531816 898131d-3 rho 325020000
20520705 1.14500d-3 rho 206030000 *

b 20531900 massves2 sum 10 00 1
20520800 massbl3 sum 10 00 1 20531901 0.0 4.96650d-3 rho 335010000
20520801 0.0  6.9227584-3 rho 210010000 20531902 5.38038d-3 rho 335020000
20520802 2.700930d-3 rho 210020000 20531903 7.10080d-3 rho 335030000
20520803 6.75864d-4 rho 210030000 20531904 7.10080d-3 rho 335040000
20520804 6.75864d-4 rtho 210040000 20531905 5.380384-3 rho 335050000
20520805 6.0345d4 rho 210050000 20531906 4.9665d-3 rho 335060000
20520806 6.0345d-4 rho 210060000 20531907 1.49892d-2 rho 345010000
20520807 - 12.069d-4 rho 210070000 20531908 1.49892d-2 rho 345020000
20520808 12.065d-4 rho 210080000 20531909 1.21662d-2 rho 350010000
20520809 24.13844 rho 210090000 20531910 7.86933d-3 tho 355010000
20520810 24.13844 rho 210100000 20531911 4.44851d-4 rho 363010000
20520811 24.1384<4 rho 210110000 20531912 9.95573d-4 rtho 365010000
20520812 24.138d-4 rtho 210120000 20531913 9.67005d-3 tho 370010000
20520813 24.43542d4 rho 210130000 20531914 9.67005d-3 rho 370020000
20520814 24.43542d4 rho 210140000 20531915 9.67005d-3 rho 375010000
20520815 2.700930d-3 rho 210250000 20531916 4.44351d-4 rho 380010000
20520816 6.9227584-3 rho 210260000 *
20520817 24.1384-4 rho 210150000 20532000 massves sum 1.0 00 1
20520818 24.138d4 rho 210160000 2053200100 1.0  cntrivar 318
20520819 24.138d-4 rho 210170000 20532002 1.0 cntrivar 319
20520820 24.138d-4 rho 210180000 e b
* L L2
20520600 massbl3 sum 1.0 00 1 * total mass primary system - without accumulators  *
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20599900 massprsy sum 1.0 00 1 20560000 masssg2 sum 1.0 00 1
2059990100 1.0 cntrlvar 110 20560001 0.0  5.16175d-3 rtho 600010000
20599902 1.0  cntrlvar 210 20560002 3.95840d-3 rho 610010000
20599903 10  cnulvar 320 20560003 3.95840d-3 rho 610020000
20599904 1.0 cntrlvar 400 20560004 3.95840d-3 tho 610030000
b bbb 20560005 3.95840d-3 rho 610040000
hiiid 20560006 1.97920d4-3 rho 610050000
* sgl - secondary side * 20560007 1.97920d-3 rho 610060000
* hd At 20560008 0.9896d-3 rho 610070000
i 20560009 0.9896d-3  rho 610080000
20550000 masssgl sum 10 00 1 20560010 0.98964-3 rho 610090000
20550001 0.0 1.67552d-2 rho 500010000 20560011 0.9896d-3 rho 610100000
20550002 59755d-3 rho 510010000 20560012 23737d-3  rho 630010000
20550003 59755d4-3 rho 510020000 20560013 23737d-3 rho 630020000
20550004 5.97550d-3 rho 510030000 20560014 23737d-3  rho 630030000
20550005 5.97550d-3 rho 510040000 20560015 23737d-3 rho 630040000
20550006 5.975504-3 rho 510050000 20560016 4.74735d-3 tho 630050000
20550007 5.97550d-3 rho 510060000 20560017 4.74735d-3 rtho 630060000
20550008 5.97550d-3 rho 510070000 20560018 9.49470d4-3 rho 630070000
20550009 5.97550d-3 rho 510080000 20560019 9.49470d-3 rho 630080000
20550010 2.98774-3 rho 510090000 20560020 9.49470d-3 rho 630090000
20550011 29877d-3 rho 510100000 *
20550012 2.9877d-3 rho 510110000 20560200 masssg21 sum 10 00 1
20550013 2.9877d-3 rho 510120000 20560201 0.0 9.49470d-3 rho 630100000
20550014 1.4939d-3 rho 510130000 20560202 2.306384-2 rho 645010000
20550015 1.4939d-3 rho 510140000 20560203 1.23090d-2 rho 650010000
20550016 1.4939d-3 rho 510150000 20560204 59.0520d-3 rho 652010000
20550017 1.49394-3 rho 510160000 20560205 3.78000d-2 rho 655010000
20550018 1.4939d-3 rho 510170000 20560206 38.991d4-3 rho 660010000
20550019 1.4939d-3 rho 510180000 20560207 8.46220d-3 rho 664010000
20550020 1.49394-3 rho 510190000 *
» 20560300 masssg2T sum .10 00 1
20550200 masssgll sum 10 00 1 20560301 0.0 1.0 cntrlvar 600
20550201 0.0 1.4939d-3 rho 510200000 20560302 1.0 cntrivar 602
20550202 3.73818-3 rho 530010000 Rk
20550203 3.7381d-3 rtho 530020000 A
20550204 3.7381d-3 rho 530030000 * sgl +sg2: total secondary side inventory .
20550205 3.73814-3 rho 530040000 *
20550206 3.73814-3 rho 530050000 b
20550207 3.7381d-3 rho 530060000 20561000 masssgs sum 10 00 1
20550208 3.7381d-3 rho 530070000 2056100100 1.0 cnulvar 504
20550209 3.7381d-3 rho 530080000 20561002 1.0 catrlvar 603
20550210 74763d-3 rtho 530090000 20561003 0.009 tho 565010000
20550211 7.4763d-3 rho 530100000 * . b
20550212 7.4763d-3 rho 530110000 At
20550213 7.4763d-3 rho 530120000 * differential pressure values *
20550214 14.953d-3 rtho 530130000 * taken between node centres only, not corrected .
20550215 14953d-3 rho 530140000 b g
20550216 14953d-3 rho 530150000 ares
20550217 14.953d-3 rho 530160000 20510000 dp1611 sum 1.0 00 1
20550218 14953d-3 rho 530170000 2051000100 10 p 145010000
20550219 14953d-3 rho 530180000 20510002 -1.0 p 100010000
20550220 14.953d-3 rho 530190000 *
* 20510100dp1213 sum 1.0 00 1
20550300 massgl2 sum 10 00 1 2051010100 10 p 110020000
20550301 0.0 14953d-3 rho 530200000 20510102 -1.0 p 130010000
20550302 6.28484d-2 rho 545010000 *
20550303 3.47660d4-2 rho 550010000 20510200 dp1514 sum 10 00 1
20550304 1.856d-1  rho 552010000 2051020100 10 »p 137010000
20550305 1.175304-1 rho 555010000 20510202 10 p 133010000
20550306 1.0164-1  rho 560010000 *
20550307 2.42320d-2 rho 564010000 20510300dp9217 sum 1.0 00 1
. 2051030100 10 »p 120460000
20550400 massglT sum 10 00 1 20510302 <0 p 130040000
20550401 0.0 1.0 cntrlvar 500 hd '
20550402 1.0 cntrlvar 502 20510400dp1714 sum 1.0 00 1
20550403 1.0 cntrivar 503 2051040100 10 »p 130040000

sae 20510402 10 p 133010000
]

sess

¢ sg2 - seconadry side * 20510500 dp9%0bnx sum 10 00 1
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2051050100 10 p
20510502 -1.0 p
.

20511100 dp9092a2 sum
2051110100 1.0 p
20511102 -10 p
.

20520000 dp2621 sum
2052000100 10 p
20520002 1.0 p
Y

20520100 dp2223 sum
2052010100 1.0 »p
20520102 -10 p
[ ]

20520200 dp2524 sum
2052020100 10 p
20520202 -10 p
.

20520300 dp8227 sum
2052030100 10 p
20520302 <10 p
*

20520400 dp2724 sum
2052040100 1.0 p
20520402 -10 »p
LJ

20520500 dp80bnx sum
2052050100 10 p
20520502 -10 p
*

20521300 dp8082aa sum
2052130100 1.0 p
20521302 <10 p
*

20521700 dp3d3rba sum
2052170100 10 p
20521702 -10 p
L]

20530000 dp1631 sum

2053000100 10 p
20530002 -10 p
»

20530100 dp2631 sum
2053010100 1.0 p
20530102 <10 p
*

20530200 dp3133 sum
2053020100 10 p
20530202 -10 p
*

20530300 dp3334 sum
2053030100 10 p
20530302  -10 p
[ ]

' 20530400 dp3436 sum
2053040100 10 p
20530402 10 p
* .

20530500 dp3637 sum
2053050100 1.0 p
20530502  -10 p
*

20530600 dp3738  sum
2053060100 10 p
20530602  -10 p
*

20530700 dp3839  sum
2053070100 10 p
20530702 ‘10 p
*

20530800 dp3811  sum

120030000

120230000

1.0 00

120010000

120460000

1.0

0.0
260010000

200010000

1.0

0.0
206030000

220010000

1.0

0.0
230010000

223010000

1.0

0.0
210260000

220040000

1.0

0.0
220040000

223010000

1.0 00

210030000

210130000

10 00

210010000

210260000

1.0 00

305010000

350010000

1.0

0.0
145010000

305010000

1.0

0.0
260010000

305010000

1.0

0.0
305010000

310100000

1.0

0.0
310100000

315010000

1.0

0.0
315010000

325020000

1.0

0.0
325020000

345010000

1.0

0.0
345010000

350010000

1.0

0.0
350010000

370010000

1.0

0.0

1

1

1

1

1

1

1

1

1

1

1

1

2053080100 1.0 p 350010000
20530802 -10 p 100010000
.

20530900 dp3821 sum 10 00 1
2053090100 1.0 p 350010000
20530902 10 p 200010000
*

20531000dp3dbt sum 10 00 1
2053100100 1.0 p 305010000
20531002 -10 p 310080000
*

205311006p3rtk sum 1.0 00 1
2053110100 1.0 p 335010000
20531102 -1.0 »p 335060000
.

20531200dp3rka sum 10 00 )
2053120100 10 p 335060000
20531202 .10 p 350010000

*®

20531300dp3r39a sum 10 00 1
2053130100 10 p 355010000
20531302 <10 p 370010000
E ]

BOEREPRRPEBEERIXLR VSR ER XS RRN AR N RS EERRROR RSB SRS ER RS
Ex '

* collapsed liquid level in pressuriser .
CRERSERGHXLERR LSRR R ELEBEESES R RN EERRBRB RN RSSO D EER
L 222

20541000 pressivl sum 1.0 00 1
20541001 0.0  0.898 voidf 409010000
20541002 0.9  voidf 410010000
20541003 0.9  voidf 410020000
20541004 09  voidf 410030000
20541005 0.9  voidf 410040000
20541006 0.9 voidf 410050000
20541007 0.9 voidf 410060000
20541008 0.585 voidf 410070000
20541009 0.79  voidf 420010000

L L2

858
] *

* pump speed controller - intact loop .
* il mass flow controlled to 21.0 kg/s during st.state *
] [ ]

Ll
* *
* an error term is generated at each time-step, equal *
* to the required mass flowrate minus the actual mass ¢
* flowrate. this error, times a constant factor, plus *
* the integrated error, times & constant factor, are  *
* added to the actual (old-time) pump speed to give  *
* the comrected (new-time) pump speed. in successive  *
* time-steps, the pump specd is adjusted to give the  *
required steady-state mass flowrate in each loop.  *
this control remains active during the steady-state, *
the end-of-stcady-state pump speed is thenused  *
until pump trip occurs, when the pump-speed curve  *
is activated and coastdown occurs.when bl pump speed *
is zer0, & bl locked-rotor simulator valve (penta’ *
velve) is activated after a 4 second delay. *
* the pump speed function uses unit trips to switch  *
contro] between steady-state & transient operation. *

[ ]

* % % 8 B2 80

*

normalised pump-speed curve is same for both pumps  *
referenced in table 135 after homologous curve data *

L R

shes

20512000 pOtrip! tripunit 10 10 O
20512001 575
L ]

20512100 flowerl sum 10 00 1
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20512101210 -1.0 mflowj 135010000
L]

20512200 inter] integral 1.0 0.0 !
20512201 cntrivar 121
.

20512400 flowerlt mut 1.0 0.0 1
20512401 catrivar 120

20512402 catrivar 121

]

20512500 interIt mult 10 00 I
20512501 cntrivar 120

20512502 cntrlvar 122

.

20512600 pspeedl sum 1.0 4700 1
2051260100 1.0 pmpvel 135
20512602 °~ 4.0  catrdvar 124
20512603 03  cntrlvar 125

*

EXBREBERRRENRL O XRS LR VLRV ERBEAREERNALREXRRERREEE
L2 24

* pump speed table - intact loop pump *
SEREESRRAESRIRR SR EREE RXEEERERR

Ll L L]

-

1356100 522  cntrivar 140
1356101 0.0 0.0
1356102 1000.0 1000.0

-

20512800 pluipl tripunit 1.0 1.0 0
20512801 621
*

20512900 pltrip2 tripunit 10 00 O
20512901 641
 J

20513000 plupdly tripdlay 1.0 00 1
20513001 641
*

20513100 pltrptim sum 10 00 1
2051310100 10 time O
20513102 -1.0  cntrdvar 130

*

20513200 speedtl function 1.0 0.0 1}
20513201 cntrlvar 131 135
*

20513300 pspeedll mult 10 00 1
20513301 cntrivar 128

20513302 catrivar 126

.

20513400 pspeed12 mult 1.0 00 1
20513401 cntrivar 129

20513402 cntrivar 144

»

20514000 pspeedif sum 1.0 00 1
2051400100 1.0  cntrivar 133
20514002 1.0  cntrivar 134

*9

20514100 wantrp? tripunit 1.0 00 O
20514101 661
]

20514200 pmpddflt mult 10 00 0
20514201 cntrivar 141  pmpvel 13§
*

20514300 pmpstpl sum 1.0 0.0 O
2051430100 1.0 cntlvar 142
20514302 1.0 cntvar 143

.

20514400 pmptm] mult 10 00 0
20514401 cntrlvar 143 cntrivar 132
]

2Ees
] L ]

* pump speed controller - broken loop pump *

* bl mass flow controlled to 7.00 kg/s during st.state *
* *

SESERERRR x e
s °

* speed control of bl pump is same as foril pump  *

* referenced in table 135 after homologous curve data *

*hk%

20521100 flower2 sum 1.0 00 1
20521101720 -1.0 mflowj 225010000
*

20521200 inter2 integral 1.0 0.0 1
20521201 catrivar 211
*

20521400 flower2t mult 1.0 00 1
20521401 catrivar 120

20521402 cntrivar 211

*

20521500 inter2t mult 10 00 1
20521501 catrlvar 120

20521502 cntrivar 212

*

20521600 pspeed2 sum 1.0 33500 1
2052160100 1.0 pmpvel 225
20521602 120 cntrivar 214
20521603 1.0  cntrivar 215

*

T Py PP

P12l

* pump speed table - broken loop pump .
SEEXSEEE RS AL EER RS AR SRV LRSS R B RO LR VSR SRS RV kSER
E3 1]

2256100 522  cntrivar 240
2256101 00 0.0

2256102 1000.0 1000.0

&

20521800 p2trip] tripunit 1.0 10 O
20521801 622
.

20521900 p2trip2 tripunit 1.0 0.0 0
20521901 642
*

20522000 p2trpdly tripdlay 1.0 0.0 1
20522001 642
*

20522100 p2optim sum 1.0 00 1
205210100 10 tme O
20522102  -1.0  entrivar 220

E ]

20522200 speedt2 function 1.0 0.0 1
20522201 cntrivar 221 135
L ]

20522300 pspeed2]l mut 10 00 1
20522301 cntrlvar 218

20522302 catrlvar 216

L]

20522400 pspeed22 mult 10 00 1
20522401 cotrivar 219

20522402 cntrivar 244

L 2

20524000 pspeed2f sum 1.0 0.0 1
2052400100 1.0 cntivar 223
20524002 10 cotrivar 224

s

20524200 pmpddf2 muit 10 00 0
20524201 cntrivar 141 pmpvel 225
*

20524300 pmpstpl sum 10 00 O

2052430100 1.0  cntrivar 242
20524302 1.0 catrivar 243
*
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20524400 pmptm2 mult 10 00 0
20524401 cntrivar 243 cntrivar 222
*

L 122
¢ steam flow control valve/primary temperature controller *

L4
*
*
»

*

the required cold-leg temperature is taken to be the  *
weighted mean ¢l temperature of each loop, so thatone *
steam valve may be used to control both il & bl temps. *
an error term is generated at each time-step, equalto *
the required cold-leg temperature (at rpv inlet) minus *
the actual cold-leg temperature. this error, timesa  *
constant factor, plus the integrated error timesa  *
constant factor, is used to set the normalised stem  *
position of the steam control valve. thus, acoldleg *
temperature which is too high generates a positive error *
signal which opens the valve further, drawing more stcam

from the sg & thereby reducing the error & thecoldleg *
temperature.

the steam valve control function uses unit tripsto~ *
switch between steady-state control & start of transient *
and simulates closure of the main steam valve when the

corresponding trip occurs (eg.low press.131 bar in u.p.) *
*

tables referenced: *
580 normalised stem position against flow area *

581 deadband, sets temperature control tolerances *
A EE SRR IR SRS L L L L2713

*20%

20258000 normarea
2025800100 0.0
2025800210 1.0
[ ]

LR B 2N BN BN BN A 2R 2 K BE R EE N R N I T NN CIER R S Y

20551000 delta-tl sum 3.0 00 1
20551001 569.15 -1.0 tempf 145010000
.

20551200 delta-2 sum 1.0 00 1
20551201 570.15 -1.0 tempf 260010000
*

20552000 dt-av sum 025 00 1
20552001 0.0 1.0 cntrlvar 510
20552002 1.0  cntrvar 512

.

20552100 prescram tripunit 1.0 1.0 0
20552101 -603
L

20552200 zero-dtl mult 1.0 00 1
20552201 entrivar 521

20552202 catrivar 520

*

20552300 deadbnd] function 1.0 00 1
20552301 cntrivar 522 581
]

20258100 reac-t
20258101 -100.0 -100.0
20258102-0.10 -0.10
20258103 -0.10 0.0
20258104 0.10 0.0
20258105 0.10 0.10
20258106 100.0 100.0
-

20552400 intdelt] integral 1.0 00 1
20552401 cntrivar 523
*

20552500 zero-inl mult 1.0 00 1
20552501 cntrlvar 524
20552502 cntrivar 521

*

20552600 tcontrll sum 1.0 02 03 00 1.0
20552601 0.0 -0.010 cntrivar 523

20552602 -0.0020 cntrlvar 525

.

SERNRESRES SRR RENERNERE LSO EENEE SN

L 12 2]

* sgl mass & liquid level controller, intact loop .
SRV R SRS EERENERS L 2 (131 1] ]
220

sg feedwater mass flowrate is continuously adjusted ¢
during steady-state to match the steam outflow so as *
to stabilise the total water mass inventory and the *
downcomer collapsed liquid level to specified values. *
an error term is generated egual to the required mass *
minus the actual mass, and multiplicd by a8 constant *
factor, plus a similar error term for the collapsed *
level.this is added to the actua! stcam mass flowrate, *
times a constant factor, to set the new feedwater flow.*
the mass error term is used to adjust the feed flow *
to obtain a total specified water mass mventory, *

currently set to 208 kg.
the level converges to the required level whilstthe *
feed flow converges to the steam flow. .

at start of transient, these values for steam & feed *

are maintained until the trip signals for sg isolation *
occur. the steam line isolation valves start to close *

at time zero (sudden closure). the feedwater valves *
close at time zero + 0.5sec delay, with a closure time ®
1.0 sec isolating each sg and allowing the .
secondary pressure to rise to reach the sg relief  *
valve lift pressure. when cooldown trip occurs,  *

the transient control system takes over to mamtam .
the controlled cooldown rate.

this procedure applics to all transients with 2 *
specified sec-side cooldown. it is switched off for *
transients with no cooldown, but may be supplemented *
by a natural cooldown rate from both stcam gencrators *

or by simulated steam leaks from sec-side valves. *
(122121 ] (2T 1]

LA N I N K B B K K B B B NN BE B R NN S I I RN U T S N Y

*86k
*

20550100 sglmerr sum 1.0 00 1
20550101 236. -1.  cntrivar 504

* (or. 208, poi 213, 200, 206

20554900 ilsglvl sum 1.0 00 1
2055490100 1.100 voidf 552010000
20554502 0593 voidf 560010000

20554903 0.125 " voidf 510170000
20554904 0.125 voidf 510180000
20554905 0.125 voidf 510190000
20554906 0.125 wvoidf 510200000
.

20555000 ilsgivi sum 10 00 1
2055500100 1.105 voidf 555010000
20555002 1402 voidf 500010000
20555003 0.500 voidf - 510010000
20555004 0.500 voidf 510020000
20555005 0.500 voidf 510030000
20555006 0.500 voidf 510040000
20555007 0.500 voidf 510050000
20555008 0.500 voidf 510060000
20555005 0.500 voidf 510070000
20555010 0.500 voidf 510080000
20555011 0250 voidf 510090000
20555012 0250 voidf 510100000
20555013 0250 voidf 510110000
20555014 0250 - voidf 510120000
20555015 0.125 voidf 510130000
20555016 0.125 voidf 510140000
20555017 0.125 voidf 510150000
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20555018 0.125 voidf 510160000
20555019 1.0  cntrivar 549
»

20555100 sgllverr sum 10 00 1
20555101825 -1.0 cntrivar 550
*®

20555200 feedflol sum 1.0 207 0
2055520100 0.75 mflowj 580000000
20555202 1.2 cntrivar 551
20555203 0.1 cntrlvar 501

.

* feedwater flowrate vs time curve, i.l.sg

»

20555300 feedtrp] tripunit 10 10 0
20555301 664

*®

20555400 feedtrp2 tripunit 1.0 00 0
20555401 503
.

20214000 reac-t
2021400100 20
2021400215 00
20214003 10000.0 0.0
*

20555500 fltrpdly tripdlay 1.0 0.0 1
20555501 503
*

20555600 fitrptim sum 1.0 00 1
2055560100 10 tme 0
20555602 -1.0  caulvar 555

-

20555700 feedltr function 1.0 207 ©
20555701 cntrlvar 556 140
»

20555800 fflowlss mult 1.0 207 O
20555801 cntrivar 553 ‘
20555802 cntrivar 552

20555900 fllowltr mut 10 00 O
20555901 cntrivar 554

20555902 cntrivar 557

*

20556000 fllowsgl sum 1.0 207 030.03.0
2055600100 1.0  cntrlvar 558

20556002 1.0 catlvar 559

.

20556100 trsglv]l tripunit 10 00 O
20556101 665
*

20556200 Ividifl mult 10 00 O
20556201 cntrlvar 561  cntrlvar 550
*

20556300 Ivistpl sum 10 00 O
2055630100 1.0  cntrvar 562
20556302 1.0 catrvar 563

E 22 L]
* sg2 level controller, broken loop *

L 221 ]
*

20560100 sg2merr sum 10 00 1}
20560101819 -1.0 catrlvar 603
20565000 blsglvt sum 1.0 00 1
20565001 0.0 1.128 voidf 655010000
20565002 1.304 voidf 600010000
20565003 1.000 voidf 610010000
20565004 1.000 voidf 610020000
20565005 1.000 voidf 610030000
20565006 1.000 voidf 610040000 -
20565007 0.500 voidf 610050000
20565008 0.500 voidf 610060000

20565009 0.250 voidf 610070000
20565010 0250 voidf 610080000
20565011 0250 voidf 610090000
20565012 0.250 voidf 610100000
20565013 1.100 voidf 652010000
20565014 0.681 voidf 660010000
»

20565100 sg2lverr sum 1.0 00 1
20565101796 -1.0 catrlvar 650
*

20565200 fcedflo2 sum 1.0 069 0
2056520100 025 mflowj 580000000
20565202 04  cntrivar 651
20565203 0.1  cntrivar 601

L ]

»
.

feedwater flowrate vs time curve, b.l.sg

20224000 reac-t
2022400100 0.68
2022400215 0.0
20224003 10000.0 0.0
*®

20565700 feed2tr function 1.0 0.69 0O
20565701 cntrivar 556 240
*

20565800 flow2ss muit 1.0 069 O
20565801 cntrivar 553

20565802 cntrlvar 652

*

20565900 fllow2r mult 1.0 00 O
20565901 cntrivar 554

20565902 cntrlvar 657

»

20566000 fflowsg2 sum 1.0 0.69 030.01.0
2056600100 1.0  cntrlvar 658

20566002 1.0 cntrlvar 659

*»

20566100 trsglv2 tripunit 10 00 O
20566101 665
*®

20566200 Ividif2 muit 1.0 00 O
20566201 cntrlvar 661  cntrlvar 650
L ]

20566300 Ivistp2 sum 10 00 0
2056630100 1.0  cntrlvar 662
20566302 1.0 cntrlvar 663

L2

L 211 ]

il sg adjustable throttle valve controlter .
recirculation ratio sett0 6.2 MOD 6.4 *

SEESOE%S

*
-
»
-

L I BN R JEE R IR K K B 2R B R R 2

*

the sg downcomer flow is continuously adjusted during
steady-state by control of the throttie valve between
downcomer & riser, modelled as a servo-valve and is
regulated to give the correct recirculation ratio.

this is defined here as downcomer flowrate divided

by main feedwater flowrate. an error term is generated
at each time-step equal to the controlled feedwater
massflow times the required recirculation ratio, minus
the actual downcomer flow. this error term, times a
constant factor, plus the integrated error times a
constant factor, are summed and 0.5 added to sct the
normalised stem position of the throttle valve. this

is varied during steady-state to control the flow

in the downcomer and thereby the recirculation ratio.

20553000 rr1diflo sum 10 00 O

2055300100 64
20553002 -1.0
*

mflowj 570000000
mflowj 510020000
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20553100 posistst mult 033 00 O
20553101 cntrivar 120

20553102 cntrivar 530

*

20553200 interr! integral 1.0 -4663 0
20553201 cntrivar 531
*

20553500 slvlpos sum 1.0 027 0 3 00 1.0
20553501 0.5 0.005 cntrlvar 532

20553502 0.05 cntivar 531

*

Y] (L1 2] PEXESERED

L2211

* bl sg adjustable throttle valve controller »

* recirculation ratio set to 4.2 MOD 4.3 .
L] EEERRLRAERERERRER SR ERED

L d 1 d

20563000 m2diflo sum 10 00 0
2056300100 43  mflowj 670000000
20563002 -1.0  mflowj 610020000
»

20563100 pos2stst mult 1.0 00 O
20563101 cntrivar 120

20563102 cntrlvar 630

*

20563200 interr2 integra! 1.0 -2446 0
20563201 cntrivar 631
-

20563500 slv2pos sum 1.0 030 0 3 0.0 1.0
20563501 0.5  0.008 cntrivar 632
20563502 ° 0.05 cntidvar 631

-

L 1]
%8

* collapsed liquid level on riser side, intact loop sgl *
L 11 ] VEReEEBES

528

20557400riserivl sum 10 00 1
2055740100 05 voidf 530180000
20557402 0.5 wvoidf 530190000
20557403 0.5 wvoidf 530200000
»

20557500 riserlvl sum 1.0 00 1
205575010.0 1.105 wvoidf 550010000
20557502 1402  voidf 545010000
20557503 0.125 voidf 530010000
20557504 0.125 voidf 530020000
20557505 0.125 voidf 530030000
20557506 0.125 voidf 530040000
20557507 0.125 voidf 530050000
20557508 0.125 voidf 530060000
20557509 0.125 voidf 530070000
20557510 0.125 voidf 530080000
20557511 025 voidf 530090000
20557512 025 voidf 5301060000
20557513 025 voidf 530110000
20557514 025 voidf 530120000
20557515 0.5 voidf 530130000
20557516 0.5 wvoidf 530140000
20557517 0.5 wvoidf 530150000
20557518 0.5 voidf 530160000
20557519 0.5 voidf 530170000
20557520 1.0 catrlvar 574

SRSV EREREBRBEE

AL EL 22T 23
L1 22

* collapsed liquid level on riser side, broken loop sg2 *

ks

20567500 riserlv2 sum 10 00 1
20567501 0.0 1.128 voidf 650010000
20567502 1.304 voidf 645010000
20567503 0.250 voidf 630010000
20567504 0.250 voidf 630020000
20567505 0.250 voidf 630030000
20567506 0.250 voidf 630040000
20567507 0.500 voidf- 630050000
20567508 0.500 voidf - 630060000
20567509 1.000 voidf 630070000
20567510 1.000 voidf 630080000
20567511 1.000 voidf 630090000
20567512 1.000 voidf 630100000

CRERS EESREERRVES SRS

[ 12 3]

* level difference in sg2 .
FNEBARRESREREBEEIEERRAARB SR RXOBEEIIRR SRR 9 2%D
LI X 1]

20567600 tvidiff2 sum 1.0 00 1}
2056760100 1.0  cntrivar 650
20567602 -1.0  cntrlvar 675

SEEXREBERP R XD SO S R0 ER %D

LEL 2]

:- .e‘ollapsed level over t:(:r_e.l:cited lenét.h‘ - . eone

2088

20533500 corelev sum 10 0 1
20533501 00 0.612 wvoidf 335010000
20533502 0.663 voidf 335020000
20533503 0.875 voidf 335030000
20533504 0.875 voidf 335040000
20533505 0.663 voidf 335050000
20533506 0.740 voidf 335060000

*eRN

* collapsed liquid level over downcomer region
* lower plenum to d.c.upper annulus .

*e0s

20531500 dclevel sum 10 00 1

2053150100 0315 voidf 300010000
20531502 0.487 wvoidf 305010000
20531503 0.600 voidf 310010000
20531504 0.600 voidf 310020000
20531505 0.740 voidf 310030000
20531506 0.663 voidf 310040000
20531507 0875 wvoidf 310050000
20531508 0.875 wvoidf 310060000
20531509 0.663 voidf 310070000
20531510 0612 wvoidf 310080000
20531511 0390 wvoidf 310090000
20531512 0.616 voidf 310100000
20531513 0.175 voidf 315010000
20531514 0175 wvoidf 320010000

sens

* collapsed liquid level over core region .
* lower plenum to upper plenum hd

[ 111 ]
* level difference in sgl .

L2 2L

20557600 Ividiffl sum 10 00 1
2055760100 1.0  cntrivar 550
20557602 -1.0  cntrivar 575

20533600 tcorelvl sum 1.0 0 1
205336010.0 1.0 cntrlvar 335
20533602 0.175 voidf 320010000
20533603 0.175 wvoidf 315010000
20533604 0616 voidf 325010000
20533605 0390 wvoidf 325020000
20533606 0.600 voidf 345010000
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20533607 0.600 voidf 345020000
20533608 0487 voidf 350010000
20533609 0315 voidf 355010000

L3 2 2]

* intact loop seal .

* collapsed level in descending section *
[TIIT *EEB SR EREN

L 122

20515000 ilseald sum 10 O 1
20515001 0.0 0769 voidf 130020000
20515002 1.545 voidf 130030000

FYT ] seRR *

EESUEERE0EE

588

* collapsed level in rising section >
RERFEERRENRRE
2Ry

20515100 ilsealr sum 1. 0 l

SEEXRORE

20515101 0.0 1.545 voidf 130050000
20515102 0.769 voidf 133010000

L2 11 (124
RS
* broken loop seal by
* collapsed level in descending section .
SEENEREREENRRIRR SR AR SRR UEES O N X2 1)

L2 2 1

20525000 blseald sum 1.0 0 1
20525001 0.0 1.153 voidf 220020000
20525002 0.622 voidf 220030000
L] *

ok

* collapsed level in rising section *
PO P [T 1]

L2 L]

20525100 blsealr sum 1.0 0 1
20525101 0.0 0.622 voidf 220050000
20525102 1.153 voidf 223010000

2%

] &

* heat fluxes .

L ] *

*  -electrical heater rod bundle - .

e YT T (21723211 ]

LAl 2

20502000 gbundle sum 1.0 00 1
20502001 0.0  0.35396 htrnr 325100101

20502002 0.43228 htrnr 334100101
20502003 0.89050 htrnr 335100101
20502004 1.43300 htrar 335200101
20502005 1.8912 htrnr 335300101
20502006 1.8912 htrnr 335300201
20502007 14330 htnr 335500101
20502008 0.89050 htrar 335600101
20502009 0.70804 htmr 336600101
20502010 12968 htmr 345100101
20502011 12968 htmr 345100201
20502012 1.0526 htmr 345100301
20502013 0.63085 hunr 345100401
20502014 0.031362 htmr 355000100
[T13%] g E2 123

L1 2L ]

* heat transfer sg intact loop he

L2 2 1]

20501800 qgsgil sum 10 00 1
20501801 0.0  0.13472565 htrnr 120300100

20501802  0.18472565 htmr 120300200
20501803  0.13472565 htrnr 120300300
20501804  0.13472565 htrnr 120300400
20501805  0.13472565 htmr 120300500
20501806  0.13472565 htmr 120300600

20501807  0.18472565 htmr 120300700
20501308 0.18472565 htrnr 120300800
20501809 0.3694513 htmr 120300900
20501810 0.3694513 htmr 120301000
20501811 0.3694513 htmr 120301100
20501812 0.3694513 htrar 120301200
20501813 0.7389026 htmr 120301300
20501814 0.7389026 htmr 120301400
20501815 0.7389026 htmr 120301500
20501816 0.7389026 htmr 120301600
20501817 0.7389026 htmr 120301700
20501818 0.7389026 htmr 120301800
20501819 0.7389026 htmr 120301900
20501820 0.7389026 hunr 120302000
.

20502100qgsgil sum 1.0 00 1
20502101 0.0  0.18472565 htmr 120304200

20502102 0.18472565 htrar 120304100
20502103 0.18472565 htrar 120304000
20502104 0.18472565 htrar 120303900
20502105 0.18472565 htrnr 120303800
20502106 0.18472565 htmr 120303700
20502107 0.18472565 htrar 120303600
20502108 0.18472565 htrar 120303500
*

20502200 qsgit sum 1.0 00 1
20502201 0.0  1.4997240 htmr 120302100

20502202 1.4997240 htmr 120302200
20502203 0.7389026 htmr 120302300
20502204 0.7389026 htrmr 120302400
20502205 0.7389026 htnr 120302500
20502206 0.7389026 htmr 120302600
20502207 0.7389026 htmr 120302700
20502208 0.7389026 htrmr 120302800
20502209 0.7339026 htmr 120302900
20502210 0.7389026 htmr 120303000
20502211 0.3694513 htmr 120303100
20502212 03694513 htmr 120303200
20502213 0.3694513 htmr 120303300
20502214 03694513 hunr 120303400
20502215 1.0 cntrlvar 021

20502216 1.0 cntrlvar 018

SEXBEBER KN 3
*S%%

* heat transfer sg brokenloop - *

» L2 2] L L1

2E9 %

20502300gsgbl sum 1.0 00 1
20502301 0.0 0.12315045 htmr 210300100
20502302  0.12315045 htrnr 210300200
20502303  0.12315045 htrnr 210300300
20502304  0.12315045 htrnr 210300400
20502305 02463009 htar 210300500
20502306 0.2463009 htrnr 210300600
20502307 0.4926017S htrar 210300700
20502308  0.49260175 htrar 210300300
20502309  0.49260175 htrnr 210300900
20502310  0.49260175 htrnr 210301000
20502311  0.4986716 htar 210301100
20502312  0.4986716 htmr 210301200
20502313  0.49260175 htmr 210301300
20502314  0.49260175 htnr 210301400
20502315  0.49260175 htrar 210301500
20502316  0.49260175 htmr 210301600
20502317 0.2463009 htrnr 210301700
20502318 0.2463009 htrnr 210301800
20502319  0.12315045 htnr 210301900
*

20502400qgsghl sum 1.0 00 1

20502401 0.0  0.12315045 htmr 210302000
20502402 0.12315045 htrar 210302100
20502403 0.12315045 htrar 210302200
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20502404 1.0 cntrlvar 023 : 20526102 9.906d-2 htrmr 200000200

‘..t..“t..‘.‘.O‘.‘..‘.“.‘.‘..““'.l“."t"".‘ 20526103 ].zszd.l hm 200100]00
A 20526104 9935d-2 htmr 200100200
. 20526105 9935d-2 htmr 200100300
*  this section sums the heat fluxes from each heat 20526106 5923d-2 htmr 201000100
*  structure in the various parts of the loop and 20526107 1.854d-2 htmr 201000200
*  assigns these values to control variables. this 20526108 2462d-2 htmr 201100100
* allows the exchange of heat between the structures 20526109 4.096d-1 htmnr 210000100
*  and the fluid to be examined. ' 20526110 6.857d-1 htrmr 210200100
. 20526111 1940d-2 humr 210400100
* 20526112 3920d-2 htmr 210500100
* intact loop hot leg *

P e *  broken loop seal

] & e

20516100 fluxinhl sum 1.0 00 1 b

20516101 0.0 1.579d-1 htmr 100000100 20526200 fluxbrls sum 10 00 1
20516102 4214d-2 htmmr 101000100 20526201 0.0 9.906d-2 htrnr 200000300
20516103 3.936d-2 htrnr 101100100 : 20526202 1.681d-1 htmr 200000400
20516104 1.579d-1 htmr 100100100 20526203 2.175d-1 htrar 200100400
20516105 3.705d-1 htmr 100100200 20526204 1.073d-1 htmr 200100500
20516106 1.449d-1 htmr 100000200 20526205 1.060d-1 htrr 200100600
20516107 2.894d-2 htrnr 101000200 20526206 1.073d-1 htmr 200100700
20516108 6.412d-1 htrnr 120000100 20526207 3.2884-2 htmmr 201000300
20516109 1.676d-1 htmr 120200100 20526208 5.503d-2 htmr 201000400
20516110 4.020d-2 htmr 120400100 20526209 2.462d-2 htrnr 201100200
20516111 9.630d-2 htrar 120500100 20526210 4.096d-1 htmr 210000200
* 20526211 6.857d-1 htmr 210200200
* intact loop seal 20526212 1.940d-2 htmr 210400200
* e 20526213 3.920d-2 htrnr 210500101
- *

20516200 fluxinls sum 10 00 1 *  broken loop cold leg

20516201 0.0 1.449d-1 htmr 100000300 P ———

20516202 1.776d-1 htrar 100000400 *

20516203 2.711d-1 htmr 100100300 20526300 fluxbrcl sum 1.0 00 1
20516204 3.730d-1 htmr 100100400 20526301 0.0 1.242d-1 htrnr 200000500
20516205 1.447d-1 htmmr 100100500 20526302 9.037d-2 htmr 200000600
20516206 3.7284-1 htmr 100100600 . 20526303 1.829d-1 htrnr 200100800
20516207 2.894d-2 htmr 101000300 20526304 1431d-1 htmr 200100900
20516208 7.317d-2 htmr 101000400 20526305 6.082d-2 htmr 201000500
20516209 3936d-2 htmr 101100200 20526306 3.172d-2 htmr 201000600
20516210 6.412d-1 htmr 120000200 20526307 2.462d-2 htmr 201100300
20516211 1.676d-1 htmr 120200200 20526308 2463d-2 htmr 201100400
20516212 4.020d-2 htmr 120400200 20526309 1.257d-1 htmr 230000100
20516213 9.630d-2 htmr 120500101 .

* *  1otal flux for broken loop

* intact loop cold leg e
e -

. 20526500 fluxbrt sum 1.0 00 1
20516300 fluxinc! sum 10 00 1 20526501 00 1.0 cntrlvar 261
20516301 0.0 1.706d-1 htrar 100000500 20526502 1.0 centrivar 262
-20516302 1.591d-1 htmr 100000600 20526503 1.0 cntrivar 263
20516303 2.689d-1 htrmmr 100100700 *

20516304 3.033d-1 htmr 100100800 *

20516305 5.580d-2 htmr 101000500 *  vessel downcomer above loop piping
20516306 2454d-2 htmr 101000600 .

20516307 2936d-2 htmr 101100300 *

20516308 1.257d-1 htmr 137000100 20536100 fluxdoto sum 10 00 1
. 20536101 0.0 3.088d-1 htmr 310000100
* tota! flux for intact loop 20536102 4.773d-1 htmr 310000200
f ——— 20536103 4.406d-1 htnr 310200401
. 20536104 1.900d-1 htrar 310200501
20517000 fluxint sum 10 00 1 20536105 9.500d-2 htrar 310300201
20517001 0.0 10 cntrlvar 161 20536106 6.861d-2 htmr 310700100
20517002 1.0 cntrlvar 162 20536107 3.619d-2 htmr 310500100
20517003 1.0 cntrivar 163 20536108 3.619d4-2 htmr 310500200
* *

. *  downcomer top half

* broken loop hot leg .

* *

* 20536200 fluxdomi  sum 1.0 00 1
20526100 fluxbrh! sum 10 00 1 20536201 0.0 1.666d-1 htrnr 310000300
20526101 0.0 9.037d-2 htmr 200000100 20536202 5.881d-1 htmr 310000400
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20536203 7.253d-1 htrnr 310000500 20536701 0.0 3.732d-1 htmr 310200200

20536204 6.498d-1 htmmr 310000600 20536702 3.732d-1 htmr 310200300
20536205 8.576d-1 htrnr 310000700 20536703 3.029d-1 htmr 310200400
20536206 7.017d-1 htenr 310100401 20536704 1.306d-1 htmr 310200500
20536207 5.998d-1 htrnr 310100501 20536705 6.531d-2 htmmr 310300200 .
20536208 6.695d-1 htmr 310100601 *

20536209 5.428d-1 htmr 310200201 *  vessel upper head

20536210 5.4284-1 htmr 310200301 M

20536211 4215d-1 htmr 310600100 *

20536212 3.619¢-2 htmr 310500300 20536800 fluxuphe sum 10 00 1
20536213 3.619d-2 htmr 310500400 20536801 0.0 3.480d-1 htmr 370000100
20536214 7.238d-2 htmr 310500500 20536802 3223d-1 htmr 370000200
20536215 7.238d-2 htrnr 310500600 ’ 20536803 3.480d-1 htnr 370000300
20536216 7.2384-2 htmr 310500700 20536804 8.897d-2 humr 365000100
* 20536805 1.991d-1 htmr 365000200
*  downcomer bottom half 20536806 1.512d-1 htmr 380000100
*® *

* *  complete vessel

20536300 fluxdobo sum 10 00 1 I

20536301 0.0 8.576d-1 htmr 310000800 *

20536302 6.498d-1 htmr 310000900 20537000 fluxvess sum 1.0 00 1
20536303 2.764d-1 htmr 310001000 20537001 0.0 1.0 cntrivar 364
20536304 3.822d-1 htmr 310001100 20537002 1.0 cntrlvar 365
20536305 6.038d-1 htmr 310001200 20537003 1.0 cntrlvar 366
20536306 5.537d-1 htrmr 310100101 20537004 1.0 cntrlvar 367
20536307 5.999d-1 htmr 310100201 20537005 1.0 cntrlvar 368
20536308 7917d-1 htmnr 310100301 *

20536309 3.800d-1 htmnr 310200101 *  pressurizer

20536310 3.854d-1 htmr 310300101 *

20536311 1.448d-1 htmr 310400101 .

20536312 3.234d-1 humr 310600200 20547000 fluxpres sum 10 00 1
20536313 1.960d-1 htmmr 310700200 20547001 0.0 3.029d-1 htmr 410000100
20536314 7.238d-2 htrar 310500800 20547002 3.517d-1 htnr 410000200
20536315 3.619d-2 htmr 310500900 20547003 3.517d-1 htmr 410000300
20536316 3.619d-2 htmr 310501000 20547004 3.517d-1 htmr 410000400
20536317 3.619d-2 htmr 310501100 20547005 3.517d-1 htnr 410000500
20536318 3.6194-2 htmr 310501200 20547006 3.517d-1 htmr 410000600
* 20547007 3.517d-1 htmr 410000700
*  complete downcomer 20547008 2.2864-1 htmmr 410000800
o —— 20547009 2.697d-1 htmr 410000900
* 20547010 5226d4-2 htmr 410100100
20536400 fluxdown sum 1.0 00 1 *20547011 7.174d-2 htrar 400000100
20536401 00 1.0 cntrlvar 361 *20547012 1.078d-1 htmr 400000200
20536402 1.0 cntrlvar 362 *20547013 1.161d-1 htmr 400000300
20536403 10 cnwlvar363 *

* * intact loop steam gencrator

* B ccccccccc e aa—

*  Jower plenum and core entry * total secondary side metal-to-fluid heat flow
» *

. 20585000 fluxsgll sum 10 00 1
20536500 fluxcobo sum 1.0 00 1 20585001 0.0 33175219 htmr 120300101
20536501 0.0 1.715d-1 htrnr 310001300 20585002 33175219 htmar 120300201
20536502 2.794d-1 htnr 310001400 20585003 33175219 htmmr 120300301
20536503 2.613d-1 htmr 310200100 20585004 1.6833637 htmr 120300401
20536504 2.650d-1 htmr 310300100 20585005 1.6833637 htmr 120300501
20536505 6.535d-2 htmr 310400100 20585006 33175219 htear 120300601
. 20585007 33175219 htrnr 120300701
*  core centre region 20585008 3.3175219 htenr 120300801
L .

. 20584800 fluxduml sum 10 00 1
20536600 fluxcomi sum 1.0 00 1 20584801 0.0 0.15504 htmr 510000100
20536601 0.0 2.600d-1 htmr 310100100 20584802 0.28208 htmr 555000100
20536602 2.773d-1 htmmr 310100200 20534803 021648 htmr 560200100
20536603 3.660d-1 htrar 310100300 * .

20536604 3.660d-1 htrar 310100400 20585100 fluxsgl2 sum 10 00 1
20536605 2.773d-1 htmr 310100500 20585101 0.0 0.00402 - humr 120400101
20536606 3.095d-1 htmr 310100600 20585102 0.00402 htrnr 120400201
. 20585103 1.8912388 htmr 530100100
*  core top region 20585104 1.8912388 htmr 530100200
* 20585105 1.8912388 htmr 530100300
b 20585106 13257584 htmr 530100400
20536700 fluxcoto sum 10 00 1 20585107 0.561459 htmr 530100500
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20585108 19163715 htrnr 530100101 : hd

20585109 19163715 htrnr 530100201 A 20585600 fluxsg? sum 1.0 00 1
20585110 19163715 htmr 530100301 20585601 0.0 1.0 cntrivar 850

20585111 13433764 htmr 530100401 20585602 1.0 cntrivar 851

20585112 0.568921 htmr 530100501 20585603 1.0 °  cntrivar 852

20585113 20671680 htrnr 510100100 *

20585114 2.0671680 htmmr 510100200 * total flux for broken loop secondary side
20585115 2.0671680 htrnr 510100300 * .

20585116 1.4490847 htmr 510100400 20585700 fluxsg2  sum 10 00 1
20585117 1.17599 htmr 555100100 20585701 0.0 1.0 cntrivar 853 '
20585118 1.38350 htmnr 560100100 20585702 1.0 cntrlvar 854

20585119 1.10034 htmr 560100200 20585703 1.0 cntrlvar 855

20585120 1.0 cntrlvar 848 *

b *  flusso termico scambiato tra pimario e secondario
20585200 fluxsgl3 sum 1.0 00 1 *

20585201 0.0 09569291 htmr 530200101 20500300 fluxsg4l sum 1.0 00 1
20585202 0.9569291 htenr 530200201 20500301 0.0 02054601754 htrnr 120300101
20585203 09569291 htmr 530200301 20500302 0.2054601754 htmr 120300201
20585204 0.3373175 htmr 530200401 20500303 0.2054601754 htrnr 120300301
20585205 0.022246 htmmr 530300101 20500304 0.2054601754 htmr 120300401
* 20500305 0.2054601754 htrnr 120300501
. 20500306 0.2054601754 htrnr 120300601
*  broken loop steam generator 20500307 02054601754 htrnr 120300701
. - 20500308 02054601754 htmr 120300801
* total secondary side metal-to-fluid heat flow 20500309 0.410920325 htmmr 120300901
* 20500310 0.410920325 htmr 120301001
20585300 fluxsg21 sum 10 00 1 20500311 0410920325 htmmr 120301101
20585301 0.0 1.1058406 htmr 210300101 20500312 0410920325 htmmr 120301201
20585302 1.1058406 htmr 210300201 20500313 0.82184065 htmr 120301301
20585303 1.1058406 htmnr 210300301 20500314 0.82184065 htrnr 120301401
20585304 0.5597334 htrnr 210300401 20500315 0.82184065 htmr 120301501
20585305 0.5597334 htmmr 210300501 20500316 0.82184065 htrnr 120301601
20585306 1.1058406 htmr 210300601 20500317 0.82184065 htmr 120301701
20585307 1.1058406 htmmr 210300701 20500318 0.82184065 htmr 120301801
20585308 1.1058406 htrnr 210300801 20500319 0.82184065 htmr 120301901
* 20500320 0.82184065 htmr 120302001
20584900 fluxdum2 sum 10 00 1 * v

20584901 0.0 0.054287 htmr 610000100 20500400 fluxsg51 sum 10 00 1
20584902 0.15017 htmr 655000100 20500401 0.0 1.6680604 htmr 120302101
20584903 0.07258 htrar 660200100 20500402 1.6680604 htmr 120302201

* 20500403 0.82184065 htrnr 120302301
20585400 fluxsg22 sum 10 00 1 20500404 0.82184065 htmr 120302401
20585401 0.0 0.00194 htrmnr 210400101 20500405 0.82184065 htmr 120302501
20585402 0.00194 htmr 210400201 20500406 0.82184065 htmar 120302601
20585403 1.2629203 htnr 630100100 20500407 0.82184065 htmr 120302701
20585404 1.2629203 htrnr 630100200 20500408 0.82184065 htmr 120302801
20585405 1.2629203 htrnr 630100300 20500409 0.82184065 htmr 120302901
20585406 0.823424 htmr 630100400 20500410 0.82184065 htmr 120303001
20585407 0.328621 htmr 630100500 20500411 0.410920325 htmr 120303101
20585408 12817698 htrmr 630100101 20500412 0.410920325 htrnr 120303201
20585409 1.2817698 htmmr 630100201 20500413 0.410920325 htmr 120303301
20585410 1.2817698 htmr 630100301 20500414 0410920325 htmr 120303401
20585411 0.8357139 htmr 630100401 20500415 02054601754 htmr 120303501
20585412 0.333526 htmr 630100501 20500416 02054601754 htmr 120303601
20585413 135717 htmr 610100100 20500417 02054601754 htmr 120303701
20585414 135717 htmr 610100200 20500418 02054601754 htmmr 120303801
20585415 135717 htmr 610100300 20500419 02054601754 htmr 120303901
20585416 088487 hitmr 610100400 20500420 02054601754 htmr 120304001
20585417 095807 htmnr 655100100 .

20585418 0.874525 htmr 660100100 20500500 fluxsg81 sum 10 00 1
20585419 0.636173 htrnr 660100200 20500501 0.0 0.2054601754 htmr 120304101
20585420 1.0 cntrivar 849 20500502 0.2054601754 htmr 120304201
L] *'

20585500 fluxsg23 sum 1.0 00 1 20501100 fluxsg6l sum 1.0 00 1
20585501 0.0 0.7904247 htmmr 630200101 2050110100 10  cntriver 003

20585502 0.7904247 htmr 630200201 20501102 1.0 cntrivar 004

20585503 0.7904247 htmr 630200301 20501103 1.0 catrlvar 005

20585504 02806008 htrnr 630200401 *

20585505 0.015394 htmnr 630300101 20500600 fluxsg?7l  sum 10 -00 1

. 20500601 0.0 0.18472565 htmr 120300100
* 20500602 0.18472565 htmmr 120300200
*  total flux for intact loop secondary side 20500603 0.18472565 htrar 120300300
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20500604
20500605
20500606
20500607
20500608
20500609
20500610
20500611
20500612
20500613
20500614
20500615
20500616
20500617
20500618
20500619
20500620
*

0.18472565 htmr 120300400
0.18472565 htrnr 120300500
0.18472565 htmr 120300600
0.18472565 htmr 120300700
0.18472565 htrnr 120300800
0.3694513 htmr 120300900
0.3694513 htmr 120301000
0.3694513 htmr 120301100
0.3694513 htmr 120301200
0.7389026 htmr 120301300
0.7389026 htmr 120301400
0.7389026 htrnr 120301500
0.7389026 htmr 120301600
0.7389026 htmr 120301700
0.7389026 htmr 120301800
0.7389026 htmr 120301900
0.7389026 htrar 120302000

20500700 fluxsg81 sum 10 00 1

20500701 0.0
20500702
20500703
20500704
20500705
20500706
20500707
20500708
20500709
20500710
20500711
20500712
20500713
20500714
20500715
20500716
20500717
20500718
20500719
20500720
.

1.4997240 htmr 120302100
14997240 htmr 120302200
0.7389026 htmr 120302300
0.7389026 htrnr 120302400
0.7389026 htrnr 120302500
0.7389026 htrar 120302600
0.73839026 htrnr 120302700
0.7389026 htrnr 120302800
0.7389026 htmr 120302900
0.7389026 htrr 120303000
0.3694513 htmr 120303100
0.3694513 htrmr 120303200
0.3694513 htmmr 120303300
0.3694513 htmr 120303400
0.18472565 htrnr 120303500
0.18472565 htrmr 120303600
0.18472565 htmr 120303700
0.18472565 hwnr 120303800
0.18472565 hwmr 120303900
0.18472565 htmmr 120304000

20500800 fluxsg81 sum 10 00 1

20500801 0.0
20500802
-

0.18472565 htrnr 120304100

0.18472565 htrmr 120304200

20500900 fluxsg91 sum 1.0 00 1

20500901 0.0
20500902
20500903

»

1.0  cntrvar 006

1.0 cntrivar 007
1.0  cntrivar 008

20501300 fluxsgdl sum 10 00 1

20501301 0.0
20501302
20501303
20501304
20501305
20501306
20501307
20501308
20501309
20501310
20501311
20501312
20501313
20501314
20501315
20501316
20501317
20501318
20501319
20501320
*

0.13697345 htmr 210300101
0.13697345 htmr 210300201
0.13697345 htmr 210300301
0.13697345 htmar 210300401
0.2739469 htmnr 210300501
0.2739469 htmr 210300601
0.547893754 htrnr 210300701
0.547893754 htrar 210300801
0.54789375 htrnr 210300901
0.54789375 htrnr 210301001
0.5546449 htmr 210301101
0.5546449 htmr 210301201
0.54789375 htmr 210301301
0.54789375 htrnr 210301401
0.54789375 htrnr 210301501
0.54789375 htrnr 210301601
0.2739469 htmr 210301701
0.2739469 htrnr 210301801
0.13697345 htmnr 210301901
0.13697345 htrar 210302001

20501400 fluxsgSl sum 10 00 1

20501401 0.0 0.13697345 hunr 210302101
20501402 0.13697345 htmr 210302201
*

20501500 fluxsg6l sum 1.0 00 1
2050150100 1.0  cntrlvar 013.
20501502 1.0 cntrivar 014

*

20501600 fluxsg7l sum i0 00 1
20501601 0.0 0.12315045 htmr 210300100

20501602 0.12315045 htmr 210300200
20501603 0.12315045 htmmr 210300300
20501604 0.12315045 htmmr 210300400
20501605 0.2463009 htrnr 210300500
20501606 0.2463009 htrar 210300600
20501607 0.492601755 htmr 210300700
20501608 0.492601755 htnr 210300800
20501609 0.49260175 htmr 210300900
20501610 0.49260175 htmr 210301000
20501611 0.4986716 htmr 210301100
20501612 0.4986716 htmr 210301200
20501613 0.49260175 htrmr 210301300
20501614 0.49260175 htmr 210301400
20501615 0.49260175 htmr 210301500
20501616 0.49260175 htmr 210301600
20501617 0.2463009 htmr 210301700
20501618 0.2463009 htmnr 210301800
20501619 0.12315045 hunr 210301900
20501620 0.12315045 htmr 210302000
*

20501700 fluxsg8l sum 1.0 00 1
20501701 0.0 0.12315045 htmr 210302100
20501702 0.12315045 htmr 210302200
.

20501900 fluxsg91l sum 1.0 00 1
205019010.0 1.0 cntrivar 016
20501902 1.0 cntrlvar 017

-

total flux for complete primary loop

20597000 fluxloop sum 10 00 1
20597001 0.0 1.0 cntrivar 170

20597002 1.0 catrlvar 265

20597003 1.0 cntrivar 370

20597004 1.0 catrivar 470

20597005 1.0 cntrivar 420 * przr.power
*

*  integrated total flux for complete primary loop
*
L ]

20597100 fluxtot! integral 1.0 00 ©
20597101 cntrivar 970
*

*  total flux for complete secondary side

. ‘
20597200 fluxsgs sum 10 00 1
20597201 0.0 1.0 catrivar 856
20597202 10 cntrlvar 857

. A

L 22 ] "
L 12

* pump seal bleed flow from upper plenum varied to hd
* maintain steady-state level of 5.1 m in pressuriser *

*

20575000 preslerr sum 1.0 00 1
2057500148 1.0 cntlvar 410
.

20575500 upbleedf sum 1.0 0.0 1 3 0.0 0.1
2057550100 1.0 cntrivar 750
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* lower pressure injection system

SAEROEXNSRNER
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*
*

20580000 hpis-dp sum 1.0
20580001-1.045 1.0 p
]

20580500 hpisflow function 1.0
20580501 cntrlvar 800 810
L ]

00 I

145010000

00 0

* table of dp(bar) against flowrate(kg/s)
*

* bar  kg/s
20281000 reac-t
20281001 0.0 04
20281002 19.00d5 0.4
20281003 79.00d5 0.4
20281004 119.085 04
2028100517405 04
E

EEROERS
(L2 2]

'TI ]

*x%e

* this section calculates the heat losses from the primary
* system to the environment & an overall heat balance.

E27 ) L2 d 2] L]
*%8e
*

(L2l 22] 1]

* heat loss from instrumented spool picces, intact loop

20505000 htlsilsp sum 1.0
20505001 0.0
20505002
20505003
20505004
20505005
20505006

*

2.1181d-1 htmr
2.11814-1 htmr
2.5951d-1 htmr
2.4936d-1 htmr
2.3245d-1 htrar

* ht.loss from il pump casing
L S
20505100 htlsilp sum 1.0
20505101 00  3.217d-1 htmr
L]

2.3075d-1 htrnr

00 1
100000101
100000201
100000301
100000401
100000501
100000601

00 1
137000101

* total ht.loss from il spool picces + pump casing

20505200 htisil sum 1.0 00 1
2050520100 1.0 cntrlvar 050
cntrlvar 051

20505202 1.0
.

* htloss from instrumented spool pieces, broken loop

20505300 htlsblsp sum 1.0
20505301 0.0
20505302
20505303
20505304
20505305
20505306

L ]

1.72124-1 htrar
1.72124-1 htmr
2.92164-1 htrar
2.1591d-1 htmr
1.5702d-1 htmr

* ht.loss from bl pump casing
e
20505400 htisblp sum 1.0
2050540100 3217d-1 htmr
]

1.5702d-1 htmr

00 1
200000101
200000201
200000301
200000401
200000501
200000601

00 1
230000101

* total htloss from bl spool picces + pump casing

»

20505500 htisbl sum 1.0 0.0 1
2050550100 1.0 cntrlvar 053
20505502 1.0  cntrlvar 054

*
* ht.loss from rpv downcomer walls and supports
L

20505600 htlsrpvw sum 10 00 1

20505601 0.0  3.4003d-1 htrnr 310000101
20505602 5.2569d-1 htrnr 310000201
20505603 1.8351d-1 htrnr 310000301
20505604 6.4767d-1 htmr 310000401
20505605 7.9879d-1 htmr 310000501
20505606 7.1568d-1 htmr 310000601
20505607 9.44524-1 htmr 310000701
20505608 9.4452d-1 htrar 310000801
20505609 7.1568d-1 htrnr 310000901
20505610 3.0441d-1 htmr 310001001
20505611 4.2099d-1 htmr 310001101
20505612 6.6494d-1 htrnr 310001201
20505613 1.8890d-1 htmr 310001301
20505614 3.07644-1 htmr 310001401
20505615 5.0685d-1 htmr 310600101
20505616 3.8898d-1 htnr 310600201
*

* htloss from rpv downcomer stubpipes & instn.
*

20505700 htlsrpvi sum 1.0 0.0 1

205057010.0  1.1038d-1 htmr 310500101
20505702 1.1038d-1 htrnr 310500201
20505703 1.10384-1 htnr 310500301
20505704 1.1038d-1 htmr 310500401
20505705 2.2077d-1 htar 310500501
20505706 2.2077d-1 htmr 310500601
20505707 2.2077¢-1 htrar 310500701
20505708 2.2077d-1 htmr 310500801
20505709 1.1038d-1 htrar 310500901
20505710 1.1038d-1 htrnr 310501001
20505711 1.1038d-1 htmr 310501101
20505712 1.1038d-1 htar 310501201
*

* ht.loss from rpv flange & power connector
'Y
20505800 htlsrpvf sum 1.0 0.0 1
20505801 0.0  1.2315d-1 htmr 310700101
20505802 3.5186d-1 htrnr 310700201
. .

* ht.loss from rpv upper mounting plate
*
20505900 htlsrpvp sum 10 00 1
20505901 0.0  0.0731296 htmr 355000101
*

* total htloss from rpv d.c.walls, support structures,
* flanges, power connector (lower) & upper mtg.plate

*
20506000 htlsrpy sum 1.0 0.0 1

20506001 0.0 1.0 cntrivar 056

20506002 1.0  cntrivar 057

20506003 10  cntrivar 058
cntrivar 059

20506004 1.0
*

* htloss from pump seal flow from u.p. & L.p.
»
* based on enthalpy

* valid only in liquid cond's

20504000 swduppv div. 1.0 00 1
20504001 tho 355010000 p 355010000
-

20504300 swduph sum 1.0 00 1
2050410100 1.0  cntrivar 040
20504102 1.0 uf 355010000
*

20504200 hl.swdup mult 1.0 00 1
20504201 cntrlvar 041  mflowj 358000000
.

20504300 swdlppv div. 1.0 00 1
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20504301 tho 320010000 p 320010000 *
* * bl pump work, torque * velocity * -1.0
*

20504400 swdlph sum 10 00 1

2050440100 10  cntrivar 043 20507800 bi.pmp.w muit -1.0 00 1
20504402 1.0 uof 320010000 20507801 pmptrq 225  pmpvel 225

® ]

20504500 hl.swdlp mutt 10 00 1 * total input power to primary fluid, core power + pump
20504501 cntrlvar 044  mflowj 359000000 work

* *

20506300 totalbf sum 10 00 1 20508000 enrgyin sum 10 00 1
205063010.0 1.0  cntrlvar 045 2050800100 1.0 cntrivar 010

20506302 1.0 cntrlvar 042 20508002 1.0 ecntrlvar 077

. 20508003 1.0 cntrlvar 078

* ht.input due to il pump scal flow *

. * total heat removed, ht.losses to environment + both sg's
*  valid only in liq. cond's *

20506400 ilpmppv div. 1.0 00 1 20509000 engy.out sum 10 00 1
20506401 tho 136010000 p 136010000 2050900100 1.0  cntrlvar 075

* 20509002 -1.0  cntrivar 022

20506500 ilpmph sum 10 00 1 20509003 -1.0  cntrivar 024
205065010.0 1.0 cntrivar 064 .

20506502 1.0 uf 136010000 *

* * secondary side heat losses

20506600 hlilpmp muit 1.0 00 1 .

20506601 cntrlvar 065  mflowj 134000000 hd

* * ht.loss from intact loop steam generator

* htinput due to bl pump seal flow *

b 20508200 hilsgl sum 1.0 00 1
20506700 blpmp.pv div 10 00 1 2050820100  0.102533725 htrnr 510100101
20506701 tho 226010000 p 226010000 20508202 0.102533725 htmr 510100201
. 20508203 0.102533725 htmr 510100301
20506300 blpmph sum 10 00 1 20508204 0.102533725 htmr 510100401
20506801 0.0 1.0  cntrivar 067 20508205 0.14647675 hunr 510100501
20506802 1.0 uof 226010000 20508206 0.14647675 htmr 510100601
* 20508207 0.14647675 htrnr 510100701
20506900 hl.blpmp muit 1.0 00 1 20508208 0.14647675 hunr 510100801
20506901 cntrivar 068  mflowj 224000000 20508209 0.292953525 htrnr 510100901
* 20508210 0.292953525 htmr 510101001
* nett ht.loss due to scalwater flow into both pumps & 20508211 0.292953525 htrar 510101101
* draining of pump sealwater from upper & lower plena 20508212 0.292953525 htrar 510101201
. 20508213 0.585907025 htmr 510101301
20507000 hlup-2p sum 10 00 1 20508214 0.585907025 htmr 510101401
20507001 0.0 1.0  cntrlvar 063 20508215 0.585907025 htmr 510101501
20507002 -1.0  cntrlvar 066 20508216 0.585907025 htnr 510101601
20507003 -1.0  cntrivar 069 20508217 0.585907025 htmr 510101701
* L

* htloss from pressurizer *

» *

20507100 hllspriz sum 10 00 1} 20508100 hllsgl sum 1.0 00 1
20507101 0.0 0.38956 htmr 410000101 2050810100 1.00292 htmr 555100101
20507102 0.45239 htmr 410000201 20508102 0.97806 htrnr 560100101
20507103 0.45239 htmr 410000301 20508103 1.81427 htmr 560100201
20507104 0.45239 htrnr 410000401 20508104 0.06185 htmr 510000101
20507105 0.45239 htmr 410000501 20508105 0.06185 htmr 510000201
20507106 0.45239 htmr 410000601 ’ 20508106 0.06185 htmr 510000301
20507107 0.45239 htrar 410000701 20508107 0.06185 htmr 510000401
20507108 0.29405 htmr 410000801 20508108 0.55041 htmnr 555000101
20507109 0.34683 htrar 410000901 20508109 021648 htmr 560200101
20507110 0.15018 htrmr 410100101 20508110 0.585907025 htrnr 510101301
. 20508111 0.585907025 htmr 510101901
* nett htloss to environment (excl.sg’s & prar.) 20508112 0.585907025 htmr 510102001
hd 20508113 1.6428833 htmr 510102101
20507500 htlosst sum 1.0 00 1 *

2050750100 1.0 cntrivar 052 20509200 hilsssgl sum 1.0 00 1
20507502 1.0  catrlvar 055 2050920100 10 cntrlvar 081

20507503 1.0  cntrlvar 060 20509202 10  cntrivar 082

20507504 1.0  cntrivar 070 *

* L J

* il pump work, torque * velocity * -1.0 * ht.loss from broken loop steam generato2

L ] *

20507700 il.pmp.w mult -1.0 00 1 20509400 hllsssg2 sum 10 00 1
20507701 pmptrq 135  pmpvel 135 20509401 0.0  0.1609752 htmr 610100101
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20509402 0.1609752 htmr 610100201
20509403 0.1916375 htmr 610100301
20509404 0.1916375 htmr 610100401
20509405 0.383275 htmr 610100501
20509406 0.383275 htmr 610100601
20509407 0.76655 htmr 610100701
20509408 0.76655 htmr 610100801
20509409 0.76655 htmr 610100901
20509410 0.76655 htmr 610101001
20509411 0.99958 htmr 610101101
20509412 0.90932 htmr 655100101
20509413 0.65039 htmr 660100101
20509414 1.05055 htmr 660100201
20509415 0.0446105 htmr 610000101
20509416 0.0446105 htmr 610000201
20509417 031416 htmr 655000101
20509418 0.07258 htmr 660200101

*

* htloss from steam line up to manifold
N >

20509600 steamine sum 1.0 0.0 1
20509601 0.0 1.5540 htrmr 564100101
20509602 0.8801 htmr 664100101
*

* calculated stratified water levels at horizontal

* measurement inserts, locations 11,16,21,25,26
*

* table 123: (theta-sin.theta)2pi .vs. h/d

* table input is liquid void fraction in volume
* table output is normalised stratified level

*

20212300 reac-t

2021230100 0.0
20212302 0.0004743 0.004278
20212303 0.0037559 0.017037
20212304 0.0124605 0.038060
20212305 0.0288344 0.066987
20212306 0.0908451 0.146447
20212307 0.1955011 0.25
20212308 0.3370892 0.370590
2021230905 05
20212310 0.6629108 0.629410
20212311 0.8044989 0.75
20212312 0.9091549 0.853553
20212313 0.9711656 0.933013
20212314 0.9875395 0.961940
20212315 0.9962441 0.982963
20212316 0.9995257 0.995722
2021231710 1.0

s

* table of dp/dtsat as a function of pressure
E

20258200 react 0 1.0d5 1.0d5
20258201 1.0 0.0
20258202 1.0133 0.0362
20258203 1.4327 0.04815
20258204 1.9854 0.06295
20258205 2.7013  0.0808
20258206 3.614 0.102
20258207 4.76  0.1275
20258208 6.188  0.157
20258209 7.92  0.1915
20258210 10.027 0.2305
20258211 12.551 02755
20258212 15549 03255
20258213 19.077 03815
20258214 23.198 0.4435
20258215 27976 0.513
20258216 33478 0.589
20258217 39.776 0.672

20258218
20258219
20258220
20258221
20258222
20258223
20258224
.

*

* table of tsat (k) asafunction of p (pa)
*

46.943
55.058
64.202
74.461
85.927
98.7

112.89

0.763
0.861
0.9685
1.0845
1.2105
1.3445
1.495

20255000
20255001
20255002
20255003
20255004
20255005
20255006
20255007
20255008
20255009
20255010
20255011
20255012
20255013
20255014
20255015
20255016
20255017
20255018
20255019
20255020
20255021
20255022
20255023
20255024
20255025
20255026
20255027
20255028
20255029
20255030
20255031
20255032
20255033
20255034
20255035
20255036
20255037
20255038
20255039
20255040
20255041
.

reac-t

95.0

100.0
110.0
120.0
130.0
140.0
150.0
160.0
170.0
180.0
150.0
200.0
210.0
220.0
212

0
416.77
424.99
431.99
438.11
443.56
448.51

453.03

461.11
468.19
474.52

480.26

485.52

497.09

506.99

515.69

52348

530.56

537.06

543.08

548.70

553.97

558.94

563.65

568.12
'572.38

576.46

580.36

584.11

59120

597.80

603.98

609.79

615.28

620.48

625.41

630.11

634.58

638.85

64293

646.84

64730

1.0d5

* ans decay function (100%)

20211000
20211001
20211002
20211003
20211004
20211005
20211006
20211007
20211008
20211009
20211010
20211011
20211012
20211013
20211014

reac-t
0.0
0.1
1.0
20
4.0
6.0
8.0
10.0
20.0

400

60.0
80.0
100.0
200.0

0.0699
0.0675
0.0625
0.05%
0.0552
0.0533
0.0512
0.05
0.045
0.0396
0.0365
0.0346
0.0331
0.0275

1.0
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20211015  400.0
20211016 600.0
20211017 800.0
20211018  1000.0
20211019 20000
20211020 4000.0
20211021 60000
20211022 8000.0
20211023 10000.0
20211024  20000.0
20211025  40000.0
20211026  60000.0
20211027 80000.0

0.0235
0.0211
0.0196
0.0185
0.0157
0.0128
0.0112
0.0105
0.00965
0.00795
0.00625
0.00566
0.00505

20211028 100000.0 0.00475
L ]

20515800 acmail integral 1.0.0
20515801 mflowj 732000000
L ]

20515900 acmail integral 1. 0.0
20515901 mflowj 950000000
*

.end of input deck - thank god !
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