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ABSTRACT

The PACTEL isatest facility designed to model the thermal-hydraulic behaviours

of the Soviet-designed VVER-440 pressurized water reactors currently in use in
Finland. These reactors have unique features that differ from other PWR designs.

The PACTEL simulates the major components and systems of the reference PWR,
making it possible to examine postulated small- and medium-break LOCA’s and
operational transients.

The PACTEL is a volume-scaled model (1:305). To ensure that gravitational
forces remain equal to those in the reference reactor, the major components and
systems in the PACTEL preserve a 1:1 elevation equivalence to the reference
reactor. Preserving the elevation equivalence and scaling by volume results in
relatively small hydraulic diameters. This report describes some of the affects of
the smaller hydraulic diameters on the thermal-hydraulic characteristics of the
PACTEL.

The PACTEL steam generator tube diameters and the tubes’ angle-of-inclination
are the same as in the reference reactor. Primary-side volume scaling while
preserving elevation equivalence results in shorter tubes with double the vertical
spacing. This results in oversized secondary-side volumes. This report also
discusses the thermal-hydraulic affects of these larger secondary-side volumes.

Assessing thermal-hydraulic computer codes used for the safety analyses of
nuclear power plants is the final goal of the PACTEL experiment programmes.

This report supplies the physical data on the PACTEL that analysts need to
prepare their code models. It describes the PACTEL instrumentation and data
acquisition system. The report also lists the experiments conducted prior to
publishing and summarises each experiment procedure.



PREFACE

Since 1976, VTT Energy and Lappeenranta University of Technology have co-operated
in nuclear reactor thermal hydraulics. During these years, VTT Energy and the
Lappeenranta University of Technology have built a series of experiment facilities
(REWET-I, -II, -lll, VEERA, PACTEL) to simulate Pressurized Water Reactors
(PWR'’s).

The co-operation started with a single pin facility, REWET-I, for rewet studies. The
facility included one directly-heated fuel rod simulator in a quartz glass tube, which
formed an annular flow channel. Two different rods were available, one with constant
power profile and one with cosine profile. The cosine power profile was achieved by
varying the thickness of the tube wall. The main object of interest was the effect of
different injection modes on rewet of overheated nuclear fuel rods. Also the effect of
dissolved nitrogen in the coolant on the rewet was studied.

The REWET-II facility was the next step to the more realistic simulation of VVER-440
reactors. It contained 19 indirectly-heated fuel rod simulators and the main components
of the primary loop. The phenomena covered by the REWET-Il facility were refill,
reflood and rewet phases of the large break Loss-of-Coolant Accidents (LOCA’s).

Later, the REWET-Il facility was updated by adding one steam generator and a
pressurizer. The facility was then renamed REWIETFhe phenomena covered by the
facility were extended to natural circulation flow transients.

The VEERA facility was built for experiments simulating soluble neutron poison (boric
acid) behaviour in a PWR during long-term cooling period of LOCA’s. VEERA was
also used for reflood experiments.

The newest facility, the PACTEL_(PArallelh@nnel Tt Loop), is an out-of-pile
experiment facility designed to simulate the major components of the primary loop of a
commercial PWR during postulated small and medium-size break LOCA'’s, natural
circulation, and operational transients.

To build this series of test facilities would not have been possible without the strong
support of the Lappeenranta University of Technology, which offers the infrastructure
for experiment research.

Financial support for the construction and operation of the test facilities has been
provided by the Ministry of Trade and Industry (KTM), VTT Energy (until 1994
Nuclear Engineering Laboratory of the Technical Research Centre of Finland VTT), and
the Lappeenranta University of Technology (LTKK).
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1. INTRODUCTION

Since 1976, VTT Energy and the Lappeenranta University of Technology have co-
operated in researching nuclear reactor thermal hydraulics. During these years, VTT

Energy and the Lappeenranta University of Technology have built a series of experiment
facilities (REWET-I, -Il, -lll /1/ and VEERA /2/) to simulate Pressurized Water
Reactors (PWR'’s). The newest facility, the PACTEL (Pallel Channel_TEt Loop), is

an out-of-pile experiment facility designed to simulate the major components of the
primary loop of a commercial Pressurized Water Reactor during postulated small- and
medium-size break Lossf@oolant Accidents (LOCA's), natural circulation, and
operational transients.

The reference reactor for the PACTEL is the 6-loop VVER-440-type PWR currently
operating in Loviisa, Finland. Reactor manufacturers and research organisations have
built similar test facilities in many countries. Some of them have ceased operations.
Table 1 presents the scaling factors and other particular characteristics of the PACTEL
and some other integral facilities.

Table 1. Comparison of some thermal hydraulic test facilities.

Facility Country/Owner | Power Pressure Scaling factor Referencereactor
(MW) (MPa) Volume Height

CCTF Japan/JAERI 10.0 0.6 1:.21 11 1100 MWe

LSTF Japan/JAERI 10.0 16.0 1:48 11 3400 MWe

LOFT! USA/INEL 50.0 15.5 1.60 1.2 -

BETHSY France/ CENG 3.0 17.2 1:100 11 2775 MWt/ PWR

PKL FRG/KWU 15 4.0 1:135 11 1300 MWe/ PWR

PACTEL Finland/VTT 1.0 8.0 1:305 1:1 VVER-440/ PWR

FLECHT USA 15 0.4 1:.327 11 -

VEERA Finland/VTT 0.12 0.5 1:349 11 VVER-440 / PWR

SPES Italy/SIET 9.0 20.0 1:420 11 Westinghouse PWR

UMCP USA/Maryland 0.2 2.1 1:500 1:6.6 B & WPWR

LOBI-Mod 2! | Italy/ISPRA 5.4 15.5 1:700 11 1300 MWe/ PWR

MIST (2X4) USA/B&W 0.34 15.6 1:840 11 -

Semiscale USA/INEL 2.0 15.0 1:1600 11 -

PMK-NVH Hungary/KFK | 2.0 16.0 1:2070 11 VVER-440 / PWR

REWET-II1' |Finland/VTT 0.09 1.0 1:2333 1.1 VVER-440/ PWR

! Not in operation



The PACTEL facility is suitable for investigating the operating procedures of VVER-

type PWR’s in SBLOCA'’s and operational transients. This presupposes control systems
that are sufficiently similar to the prototype plant. The experiment data base will be used
to assess thermal hydraulic computer codes, such as APROS, RELAP5, and
CATHARE; particularly for VVER analyses.

This report begins with a current description of the geometry of the PACTEL facility.
The previous PACTEL description /3, 4/, published as part of the ISP 33 documentation,
described the test facility configuration during the first experimental phase (years 1989
through 1994). Since then, new steam generators, primary circulation pumps, and two
individual accumulators were added in 1995. This new report also describes the scaling
principles, the typical experiment procedures, and the instrumentation of the PACTEL.



2. FACILITY DESCRIPTION

2.1 General

This chapter summarises the main characteristics and design principles of the PACTEL
test facility. Appendix A gives a detailed description of the geometry of different parts
of the PACTEL. Reference /5/ describes the design principles of the PACTEL in detail.

The reference reactor of the PACTEL, a VVER-440 PWR in Loviisa, Finland, has
certain unique features differing from the other PWR designs. One of these is the
number and type of steam generators. The VVER-440 has six primary loops with
horizontal steam generators. Due to the horizontal construction of the steam generators,
the driving head for the natural circulation in SBLOCA's is rather small. The primary
loops have loop seals in both hot and cold legs. The primary coolant pump design is the
reason for the cold leg loop seals. The fuel rod bundles are in BWR-like channels and
the core is shorter than in most PWR'’s.

The PACTEL facility simulates the major components and systems of the reference

PWR during postulated small- and medium-break LOCA’s and operational transients.

The facility consists of a primary system, the secondary side of the steam generators,
and the Emergencydfe Moling Systems (ECCS). The reactor vessel model consists of

a u-tube construction including downcomer, lower plenum, core, and upper plenum.

Table 2 summarises the main characteristics of the PACTEL facility and the reference
plant. Figure 1 compares the Loviisa reactor and the PACTEL.

Volumetric scaling (1:305) was the basic scaling approach in the PACTEL design. The
component elevations of the loop are the same as in the reference reactor. Volumetric
scaling requires that all the components and piping volumes have to be equally
proportional to the respective volumes of the reference reactor. This scaling ensures that
the same relative amount of coolant is available for the energy exchange in both systems
and preserves the real time scale of the events.

Precise conservation of the system component heights and elevations is important for
SBLOCA and transient simulations. During these transients, the fluid is in a two-phase
state, and the flow processes are gravity dominated. Under gravitational forces, the
vapour and liquid phases easily separate, and these separation effects can dominate both
thermal and hydraulic characteristics of a transient. Because of this, the elevations in the
PACTEL facility are the same as in the reference reactor.
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The volumes of the components have been scaled down by the ratio of 1:305. The
exceptions are caused by the use of standard pipe sizes. The core geometry is the same
asin the reference reactor. Figure 2 shows a general view of the PACTEL facility.

Table 2. The PACTEL facility characteristics compared with the Loviisa PWR plant.

PACTEL L oviisa VVER-440
Reference power plant VVER-440 -
Volumetric scaling ratio 1:305 -
Scaling factor of component heights and 1.1 -
elevations
Number of primary loops 3 6
Maximum heating power / thermal power 1MW 1 375 MW (1 500 MW)?
Number of rods 144 39438
Outer diameter of fuel rod simulators 9.1 mm 9.1 mm
Heated length of fuel rod simulators 242 m 242 m
Axial power distribution chopped cosine cosine
Axial peaking factor 14 14
Maximum cladding temperature 800 °C
M aximum operating pressure 8.0 MPa 12.3 MPa
M aximum operating temperature 300 °C 300 °C
M aximum secondary pressure 5.0 MPa 5.0 MPa
Maximum secondary temperature 260 °C 260 °C
Feedwater tank pressure 2.5 MPa 2.5 MPa
Feedwater tank temperature 225°C 225°C
Accumulator pressure 5.5 MPa 5.5 MPa
L ow-pressure ECC-water pressure 0.7 MPa 0.7 MPa
High-pressure ECC-water pressure 8.0 MPa 8.0 MPa
ECC-water temperature 30°C-50°C 30°C-50°C

2 New power level after modernisation of the plant

11
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Figure 1. Loviisa VVER-440 and the PACTEL facility.

Figure 2. The PACTEL facility.
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2.2 Pressure vessel and components

The pressure vessel and other components are made of stainless steel AISI 304 and rated
for a pressure of 8.0 MPa and a fluid temperature of 300 °C. The insulation material of
all the parts is mineral wool with an aluminium plate cover. Table A.4 of Appendix A
includes data about insulation thickness and the properties of the insulation material in
different parts of the facility.

2.2.1 Core

The rod bundle simulating the core consists of 144 electrically-heated fuel rod
simulators. The outer diameter of the simulators is 9.1 mm and the thickness of the
stainless steel (AISI 316L) cladding is 0.9 mm. The rods are fixed in a triangular grid
which has a lattice pitch of 12.2 mm. The rods have a nine-step chopped cosine axial
power distribution. The axia peaking factor is 1.4 and the total heated length is 2420
mm. The heated length and the other dimensions of the rods are the same as in the
reference reactor. Also the number and construction of the rod spacers are identical with
the reference reactor. The heating coils are separated from the stainless steal cladding by
magnesium oxide insulation. Six rods use boron nitride insulation for comparison
because of its good electrical and therma properties. In these six rods, the
thermocouples are inside the cladding. In other instrumented rods, the thermocouples
are on the cladding surface. The fuel rod simulators are in three parallel channels. Each
channel has 48 rods. Figure 3 shows the construction of the core. The maximum core
power is1 MW. This corresponds to 22% of the nominal power of the reference reactor.
Different power levels can be used in the three separate channels.

2.2.2 Upper plenum, downcomer, and lower plenum

Determination of volumes and elevations of different parts of the loop have been based
on the general scaling factors. The upper plenum is made of one tube with three hot leg
connections. The downcomer is made of two different parts. The upper part (about 1 m
high) has a larger diameter because of the cold leg connections. The lower part (about 5
m high) has the scaled diameter. The lower plenum is made of two separate parts of
equal diameter, which together form a u-tube lower plenum. The facility has no bypass
from the upper plenum to the downcomer. Both hot and cold leg connections have
diffusers preventing direct flow of ECC water from the accumulators or HPIS to the
loops.

13
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Figure 3. Cross-section of the PACTEL core.

2.2.3 Primary loops and steam generators

The simulation of the six primary loops of the reference reactor includes three separate
loops with double capacity. Each of these loops have loop seals and an active horizontal
steam generator. The inner diameter of the hot and cold legs is 52.5 mm. The length of
the loops is about half of the reference plant to ensure proper separation of phasesin the
horizontal parts of the loops. All three loops have main circulation pumps. Table 3
presents the main characteristics of the pumps. See also Table A.1 in Appendix A for
more information about the pumps.

The steam generators contain 118 heat exchange u-tubes. The average length of the
tubes is 2.819 m. The diameter of the tubes (16 x 1,5 mm) is the same as in the
reference plant, but the space between the tube rows is doubled to increase height of the
steam generator. The heat transfer area of the tube bundles and the primary-side volume
of each steam generator is scaled down so that one steam generator in the PACTEL
corresponds to two steam generators in the reference plant. Accurate thermal hydraulic
simulation of the steam generator is important because, depending on the transient, the
steam generators can act as a heat source or as a heat sink. Figure 4 shows a general
view of the steam generators.

14
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2.2.4 Pressurizer

The pressurizer surge line connects the full length pressurizer to the hot leg of Loop 1.
The pressurizer has heating and spray systems. It is made of two parts of equal diameter,
which are joined with flanges. The total height of the pressurizer is 8.8 m with an inner
diameter of 139.7 mm. The length of the pressurizer surge line is 7.77 m. The inside
diameter of thelineis 27.3 mm.

2.2.5 Emergency core cooling systems

The ECC systems of the PACTEL include high and low pressure pumps and two
separate accumulators injecting water to the downcomer and to the upper plenum. The
low pressure safety injection system can inject water to the downcomer and to the upper
plenum. The high pressure ECC system injects to the cold leg of Loop 1 close to the
downcomer. In some of the experiments, the PACTEL accumulators have operated as a
passive safety injection system. References /6/, /7/ and /8/ describe the modifications
made to the accumulators for the passive safety injection experiments.

2.2.6 Secondary side of the steam generators

On the secondary side, a common steam line connects the three steam generators. From
the common steam line, the steam flows to the atmosphere. The secondary side includes
separate feed water injection systems for all three steam generators. All steam generators
have two separate feed water lines: one above the heat exchange tube bundle, the other
in the middle of the bundle. A separate Pl-controller controls the pressure in all steam
generators. In most of the experiments, the secondary-side control system uses only one
controller which controls the pressures in al steam generators through the common
steam line.

The fact that the distance between steam generator tube rows is doubled in the PACTEL
steam generators leads to an oversized secondary-side volume. The water volume of the
secondary side is about three times larger than the volumetrically scaled volume of the
secondary side of the two reference steam generators.

2.2.7 Influences of volumetric scaling on the characteristics of the
PACTEL

A report titled, “The scaling and design of the PACTEL” based on the work of Riikonen
/5/. Hyvarinen /9/ discusses the scaling problems of horizontal steam generators.
Volumetric scaling was the main scaling principle in the design of the PACTEL. This
scaling principle reduces the volumes and flow areas of different parts of the loop using
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the selected scaling factor (1:305 for the PACTEL). In addition, a 1:1 scale was used for
the heights and elevations in the primary loop.

The selected scaling principle leads to an overestimation of the heat losses to the
environment. The main reason is that the ratio of the tube wall area to the tube volume
is much larger in the scaled-down facilities than in the reference reactor. In the same
manner, the volumetric scaling leads to an overly large ratio of the wall mass to the
water volume. To minimise the heat losses, al parts of the PACTEL are well insulated.
The magnitude of heat loss greatly depends on the temperature of the primary loop, as
discussed in reference /10/. The main source of heat loss in the PACTEL is caused by
the cooling of the primary circulation pumps. Reference /10/ gives an estimate of heat
losses of the PACTEL without the main circulation pumps. Measurement data from the
experiments include information about the primary circulation pumps cooling water
flow rate and temperatures. This datais available for estimating the pump hesat |osses.

All three primary coolant loops of the PACTEL simulate two loops of the reference
reactor. Froude scaling, together with volumetric scaling, is the main design principle of
the pipe dimensions of the PACTEL hot and cold legs /5/. So, the lengths of the hot and
cold legs are about 50% shorter than in the reference reactor. This leads to better
simulation of flow regime transitions in the horizontal parts of the loops. The use of
volumetric scaling has an effect on the pressure loss distribution around the loop.
Reference /5/ includes comparison of pressure loss distribution in the PACTEL (without
main circulation pumps) and the Loviisa VVER plant during single phase natural
circulation and single phase forced circulation conditions. The pressure loss distribution
in the PACTEL corresponds well to the estimated |oss distribution of the Loviisa plant.

In the pressurizer, volumetric scaling influences the pressurizer void fraction
distribution during blow-down situations. In a large full-scale pressurizer, void fraction
profile is non-uniform /11/. In a scaled-down pressurizer, the void fraction profile is
uniform /12/. This is important since, in some transients, the pressurizer may
accumulate a large mass of water which is not available for core cooling.

The dimensions and inclination of the horizontal steam generator tubes in the PACTEL
are the same as in the reference reactor. The same dimension and inclination is
important during flow regime transitions from stratified to intermittent flow, as
discussed by Hewitt et al. /13/. On the secondary side, volumetric scaling and a doubled
distance between tube rows leads to an oversized secondary-side water mass. The
secondary-side volume of the PACTEL is about three times larger than the scaled
volume of two VVER steam generators. The vertical height of the steam generator tube
bundleis also smaller than in the reference reactor.

17



Hyvarinen /9/ discusses widely the scaling problems of horizontal steam generators
during single-phase flow conditions on the primary side and full or reduced secondary-
side inventory conditions. Hyvarinen uses a one-dimensional mathematical model for
calculating steady-state single-phase flows in primary-side tubes and collectors. His
analyses have shown that under natural circulation conditions, flow reverses in the lower
part of the tube bundle leading to internal circulation flows. Hyvarinen also discusses
the steam generator behaviour under reduced secondary-side inventory conditions, and
compares the PACTEL steam generators with other horizontal steam generator designs
(real VVER plant and steam generators of PMK test facility). The analyses of Hyvérinen
showed that the secondary-side boil-off experiments in scaled down facilities (PACTEL
or PMK) do not directly scale up to the reference plant.

18



3. INSTRUMENTATION AND DATA ACQUISITION
SYSTEMS

The figures of Appendix B present the locations of different measurement instruments
in the PACTEL. The basic instrumentation in the facility consists of temperature,
pressure, pressure difference, and flow transducers. Appendix C presents the naming
conventions for the measurement channels. Also included in Appendix C isafull list of
the measurement channels with an estimate of measurement accuracy for different
instruments.

3.1 Temperature measurements

The cladding temperature measurements of the fuel rod simulators, the fluid temperature
measurements, and the structure temperature measurements use K-type (Chromel-
Alumel) minera insulated thermocouples. All the thermocouples are ungrounded. Their
outer diameter varies from 0.5 to 3 mm depending on measurement location. All
thermocouple cables are routed to the nearest one of six junction boxes. In each junction
box, the connections between the thermocouple wire and an ordinary copper wire is
made. A standard cable is then used to connect the box to the data acquisition cabinet.
The reference temperature of these junctions is established by measuring the air
temperature within each junction box with PT100 resistance thermometers (RTD’s).

Reference temperature is measured first and converted into thermocouple voltage using
a 3rd degree polynomial. After this, thermocouple voltage is measured. These two
voltages are added, and the conversion to degrees Celsius is made with a 6th order
polynomial.

3.1.1 Core

In the core section, the cladding temperature of the fuel rod simulators, fluid
temperatures in the core, and the structure temperatures are measured. The diameter of
the thermocouples is 0.5 mm. Two different methods have been used to measure the
cladding temperatures of the rods. In the first method, the thermocouples are spot
welded onto the outer surface of the cladding. In the second method, the thermocouples
are inside the cladding. There are 15 rods with the first type of measurements and 6 of
the second (see Figure 5). There are five thermocouples in each of these rods. Figure 6
shows the different rod types.

19
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Figure 5. Instrumented rods in the core.

The fluid temperature measurements are arranged so that the junction of the
thermocouple is a few millimetres away from the cladding surface, as shown in Figure
6. Thermocouples also measure fluid temperature between the three separate channelsin
the core. The shroud temperatures are measured with spot welded thermocouples. Table
4 shows the amount and distribution of the thermocouples in the core area. Details of
the measurement |ocations are shown in Appendix B.

20



tc (NICr=Ni TYP K> @0.5mm

TIF-WIRE #0.2mm
measurement point

FLUID TEMPERATURE MEASUREMENT

tc (NiCr—Ni TYP K> ®0.5mm

|
—_— -/;;"v, A
Ispot welded /

ROD SURFACE TEMPERATURE MEASUREMENT

rodtempidwg (17.4.87)

measurernent poi nt

TC1

THERMOCOUPLE —

29,1
= () 2 360°/5= /2

AN 7
BORON NI TRI DEf | SECTION & - A
LA TC4 TC3

tc (NiCr—=Ni type K ) 20,5 mm

TEMPERATURE MEASUREMENTS INSIDE CLABDING

TCFRENC. dwg 3. 9. 97 HAPA

Figure 6. The cladding and fluid temperature measurement methods in the core.
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Table 4. Thermocouple measurements in the core.

M easur ement Number of measurement points
cladding temperature 105
fluid temperature between rods 15
fluid temperature between shrouds 6
shroud wall temperature 9
total 135

3.1.2 Steam generators

There are eight instrumented tubes in each steam generator. All these tubes have six
different positions where the temperatures are measured. Each of these positions have at
least two thermocouples; one for the primary-side and one for the secondary-side
temperature measurements. In addition to these temperature measurements, there are
tube wall temperature measurements in steam generators | and Il. There are six wall
temperature measurements in SG | and three in SG Il. The primary- and secondary-side
temperatures are obtained with 1.0 mm thermocouples while the tube wall temperatures
are measured with 0.5 mm thermocouples. Figure 7 shows how the thermocouples are
attached to the tubes. In addition to the measurements at the heat exchange tubes,
temperatures of the steam generator outer walls are measured. The structure
temperatures are measured with 1.5 mm thermocouples.

3.1.3 Other temperature measurements

Fluid temperatures in the primary loops and in all other locations not mentioned in the
two previous chapters are measured with 2.0 mm thermocouples. The positions of the
measurements are shown in Appendix B. There are also thermocouples measuring the
inner surface temperature of the primary tubes. These temperatures are measured with
1.5 mm thermocouples.

3.2 Differential pressure measurements

There are three different kinds of differential pressure (DP) transducersin the PACTEL.
The types are Vamet DIFF-EL, Fuji FHC, and Siemens Teleperm 7MF13 /3, 4, 5.
Vamet has a piezoresistive sensor, and the others have a diaphragm mechanism with
capacitative pick-up. Table 5 shows the number of DP measurements of different types.
The differential pressure transducers are also used to determine the collapsed level in the
secondary side of the steam generators and the upper plenum, as well as the downcomer
in the primary side.
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Figure 7. The three different temperature measurement methods for the steam generator
tubes.
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Table 5. The number of differential pressure transducers.

Type Number
Vamet 26
Fuji 12
Siemens 5
total 43

3.3 Pressure measurements

The pressure transducers used in the PACTEL are Vamet PRESS-EL and Fuji FHG
types. The number of Valmet transducers is four and the number of Fuji is two. There
are two transducers in the primary side; in the upper plenum and in the top of the
pressurizer. The secondary-side pressures are measured in all steam generators and in
the common steam line.

3.4 Flow meters

Vortex flow meters are used to measure primary flow to al three steam generators, with
aflow meter installed in each cold leg. In the downcomer, there is a venturi nozzle that
measures the combined flow of the three loops. The measuring range of the vortex
meters and venturi nozzle is 0.29 - 11.72 kg/s (liquid temperature 300 °C, pressure
8.1 MPa) and 0.3 - 3.0 kg/s, respectively. The pressure drop of the vortex flow metersis
58.1 kPa (liquid temperature 300 °C, pressure 8.1 MPa, mass flow rate 9.75 kg/s), and
the pressure drop of the venturi nozzle is 1.45 kPa (liquid temperature 295 °C, pressure
8.1 MPa, mass flow rate 2.99 kg/s). The break flow for LOCA experiments is measured
indirectly using a large condensate tank. The flow rate is determined from the level
measurements of the tank.

Electromagnetic flow meters are used to measure the flow of ECC water and feed water
to the steam generators. There is one flow meter in both accumulator injection lines.
There are three flow meters measuring the feed water flow to the steam generators. All
these electromagnetic flow rates can be used to measure the integrated flow. Also
included is a steam flow rate measurement from each steam generator using vortexes.
Table 6 shows the number and type of different flow metersin the PACTEL.
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Table 6. Type and number of different flow metersin the PACTEL.

Type | Emergency Core Cooling Systems| Steam |Cold Leg|Downcomer | Secondary| Total
Generator Steam
Feedwater
High Low Pressure &
Pressure | Accumulator Injection
Injection
magnetic 1 2 3 6
nozzle 1 1
vortex 3 3 6
TOTAL 1 2 3 3 1 3 13

3.5 Heating power

Power supplied to the three core sections is controlled individually. The power output of
each section is measured through its power controller. The power controller is an AEG
Thyrotak MTL-1065F. Measurement of total core power is aso possible using measured
energy consumption during the experiments.

3.6 Data acquisition system
3.6.1 General

This chapter describes the PACTEL facility data acquisition system (a combination of a
data acquisition unit and a computer). The Hewlett-Packard (HP) 3852A data
acquisition unit is used together with an HP VECTRA XU 6/200 personal computer to
record experiment results. The two devices are connected using an IEEE-488 bus (also
known as HB-IB or GPIB). The computer has a Microsoft Windows NT 4.0 operating
system, and the data acquisition programs have been developed using the HP VEE
program development language. Figure 8 shows a schematic diagram of the PACTEL
data acquisition system.

3.6.2 Data acquisition unit HP 3852A

The data acquisition unit consists of a mainframe and three extenders (HP 3853). The
mainframe has eight slots whereas each extender has ten slots. The extenders increase
the number of dots in the data logger, but the extender units cannot be used as
independent measurement devices. Accessory cards used in the slots determine the
configuration and performance of the data acquisition unit. It is possible to use a variety
of different voltmeters and multiplexers, but the basic procedure to measure the
transducer signalsis aways the same. A voltmeter measures the multiplexer channelsin
sequence and stores the results in the memory of a mainframe, which sends the results
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further to the computer. Table 7 shows the current configuration of the data acquisition
devices.

< IEEE-488
HP3852A
<_
HP VECTRA XU
HP3853A WINDOWS NT 4.0
4_ HP VEE 4.0
<4+ | |
HP3853A
- !
<_
HP3853A LTKK
LAN

Figure 8. Schematic diagram of the PACTEL data acquisition system.

Table 7. Configuration of the data acquisition unit and the extenders.

Slot Mainframe Extender #1 Extender #2 Extender #3
0 HP 44701A HP 44711A HP 44711A Empty
1 HP 44710A HP 44711A HP 44711A Empty
2 HP 44710A HP 44711A HP 44711A HP 44713A
3 HP 44710A HP 44711A HP 44711A HP 44713A
4 HP 44710A HP 44711A HP 44711A HP 44713A
5 HP 44710A HP 44711A HP 44711A HP 44713A
6 HP 44709A HP 44711A HP 44711A HP 44713A
7 HP 44709A HP 44711A HP 44711A HP 44713A
8 Not available HP 44702B HP 44702B HP 44704B
9 Not available HP 44702B HP 44702B HP 44704B
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In most of the experiments, an integrating digital voltmeter (HP 44701A) has been used
to measure all the channels. It is possible to reach a scanning speed of 1 Hz or less with
the integrating voltmeter. This is sufficient for steady state tests or slow transients but
some experiments require a faster scanning speed. In experiments where faster scanning
is needed, high speed voltmeters (HP 44702 B or HP 44704 B) have been used.

Table 8 presents a short description of the data acquisition cards used in the PACTEL.

Table 8. Description of the data acquisition cards.

Card Description
HP 44701A Integrating digital voltmeter
HP 44702B High speed digital voltmeter (13 bit A/D converter)
HP 44704B High speed digital voltmeter (16 bit A/D converter)
HP 44709A 20 channel FET multiplexer
HP 44710A 20 channel FET multiplexer
HP 44711A 24 channel high speed FET multiplexer
HP 44713A 24 channel high speed FET multiplexer with (50 Hz filter)

3.7 Process control system

A process control system for the PACTEL loop consists of a Siemens Simatic S7-300
programmable controller, which is connected to a personal computer. The
communication between the computer and the programmable controller is carried out
using Multi-Point Interface cable. The measurement transducers necessary to control the
test facility are wired to the Simatic S7-300 input cards. So, the quantity of inputs is
much smaller than in the data acquisition unit. The transducers with 4 - 20 mA output
signal that are wired to the programmable controller are connected to the data
acquisition unit as well. This parallel wiring has small effect on the accuracy of the
measurement transducers since the impedance of both measurement systems is very
high. Thermocouples connected to the process controller device are independent of the
data acquisition system.

The programmable controller is comprised of modules. If necessary, modules can be

added to the controller module racks. The quantity of inputs and outputs in the Simatic
S7-300 programmable controller in the current configuration is presented in Table 9.
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Table 9. Quantity of inputs and outputs of the Smatic S7-300 programmable

controller.
Connection type Quantity
Anaog input 44
Analog output 17
Digital input 20
Digital output 32

Two computer programs are used for developing control software for the PACTEL:
The Step 7 programming language which is used to make the control programs and
WinCC which is used to program the man machine interface for the PACTEL
experiments. Step 7 runs in the Microsoft Windows 95 operating system whereas the
WinCC program runs in Microsoft Windows NT 4.0 operating system.

During the experiments, the operators of the PACTEL use the process control system to
control the system pressure in the primary and secondary sides, core power, feedwater
and ECC water flow rates to the loop, and main circulation pump speed. The operators
can aso open and close valves through the control system. The number and type of
controls needed in an experiment strongly depends on the type of experiment. In slow
transients and steady-state measurements, manual control systems can be used. In faster
transients, such as large SBLOCA'’s, manua control systems are too slow and pre-
programmed controls have to be used.
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4. EXPERIMENT PROCEDURE

PACTEL experiments can run with either one, two, or three loops in operation. Typical
examples of the experiments with one loop are studies of hot leg loop seal behaviour in
small break LOCA's. During construction the new horizontal steam generators, some
experiments were run with two loops in operation. An example of a two loop
experiment is the passive safety injection experiment GDE-11. This experiment used
two loops with the older steam generators. The third loop had aready been equipped
with the newer steam generator design.

Experiment procedure strongly depends on the type of experiment and the loop
configuration. Preparation for the experiments normally begins with calibration and
testing of the instrumentation. The experiment procedures are usually tested in pre-test
calculations for each test with large thermal hydraulic system codes, such as APROS or
RELAP.

After the pre-test calculations, the responsible engineer writes the test descriptions in a
test specification report and fills out the test procedure forms. The PACTEL operators
follow the procedures detailed on the forms during test execution. Typically, when
preparing for an experiment, the PACTEL operators fill the primary and secondary
systems with water and heat the loop to the desired initial conditions. After reaching
steady state, it is maintained for about one hour before beginning the measurements. The
measurement data collection begins normally with a steady-state period that is typically
1 000 seconds long. During the steady-state phase, the primary circulation pumps run,
and the primary loop flow is single-phase forced circulation. The pressurizer heaters
control automatically primary pressure, and the secondary-side control valve, the
secondary-side pressure. The operators keep the secondary-side liquid inventory
constant during the experiment manually running the feed water pumps.

The transient begins after the 1 000 second period of steady-state measurement. A

typical transient initiator is the opening of the break valve (LOCA experiments). During

test execution, the operators follow its progress by watching the instruments’ output
through a CRT monitor. Figure 9 shows the main screen display of the data acquisition
system.

The experiments are terminated if the core heats up, or according to the test
specifications. After the experiments, the responsible engineer converts the data to
engineering units and examines the data to identify possible failed measurements. NPA -
program can be used as a visualisation tool to analyse experiment results. See Figure 10
for the main mask of NPA. It is also possible to use NPA on-line to visualise experiment
results during the experiments.
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After test data processing and quality checking, the experiment results are published in
Quick-Look Reports and Experiment Data Reports. See Table 10 for a list of PACTEL
experiments performed by December 19, 1997.

Table 10. List of PACTEL experiments conducted by January 1998.

TEST TYPE CODE Number of | ECC systems used| Break Location and Size | Typeof SG
L oops (CL=cold leg, HL=hot leg
Natural circulation NCO01-05 1 - - old
NC06-07 3 - - old
Depressurisation of Primary| CPR01-04, CPR11-12 3 Accumulatorss Pressurizer top old
System
1SP-33 ITEOL-10 3 - Lower plenum old
SBLOCA SBL02-07 3 - CL,1-52mm old
SBL08-09 1 - CL,1mm old
SBL20-22 1 - CL,1mm new
SBL30 3 - CL,1mm new
SBL31 3 ACC CL, 2.5 mm new
SBL32 3 ACC, HPI CL, 2.8 mm new
SBL33 3 ACC, HPI CL, 3.5mm new
SBL40 3 DC-ACC CL,3.5mm new
Loss of Secondary-side Feed LOFO01 1 - - old
Water LOF02-04 3 - - old
LOF10 1 - - new
Compensated SBLOCA CMP01-05 1 CL HPI HL,1-25mm old
CMP06-11 3 CL HPI HL,2-25mm old
SBLOCA with Inclined SBL10-12 1 CL,1mm old
Steam Generator Tubes
Gravity Driven ECC GDEO01-05 3 CMT HL,2-6mm old
GDE11-14 2 CMT CL,2-4mm old
GDE21-25 3 CMT CL,1-5mm new
GDE31 3 CMT CL, 3.5mm new
GDE32 3 CMT HL, 3.5 mm new
GDE33 3 CMT CL, 3.5mm new
GDE34 3 CMT CL, 3.5mm new
GDE35 3 CMT CL, 3.5mm new
GDE41-GDE-45 3 CMT CL, 1-3.5 mm new
Hot Leg CCFL LSR01-02 1 old
LSR10 1 new
LSR20-21 1 new
Primary to Secondary PSLO1 2 - 1 SG Tube old
Leakage PSL02-04 2 - 5 SG Tubes old
PSL5-7 3 ACC, HPI, LPI 5 SG tubes 3 new
Steam generator tests (IVO) SG01-05 1 - - new
Stepwise inventory reduction SIR01-02 3 - - old
test SIR11 1 - - new
Natural circulation testsin SIR20-23 1 - - new
low primary pressure
ATWS-experiments ATWS01 1 - inventory reduced in steps new
ATWS02 1 - new
ATWS03 3 - new
ATWS04 1 - CL,1mm new
ATWS06 3 - Pressurizer top new
SG Tubes Heat Stress Tests HPRO1-13 3 - - 2oldand 1 new
(IVO)
SG Experiments (STUK) HSGO1 1 - - new
HSG02 3 - - new
HSGO03 2 - - new
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5. DISCUSSION AND CONCLUSIONS

VTT Energy and the Lappeenranta University of Technology have successfully run

more than 100 experiments with the PACTEL experiment loop. A large number of the
experiments have been a part of the nationally funded research programmes YKA and
RETU. Some of the experiments have been funded by the Radiation and Nuclear Safety
Authority (STUK), the European Commission, and the Finish power company IVO.

The experiments have provided valuable information about the natural circulation
characteristics of the VVER-type PWR, behaviour of horizontal steam generators in
transients and accidents, and performance of passive safety injection systems in
LOCA's. The experiment data has been used for validation of the Finnish APROS code,
as a Finnish contribution to some international research programmes, and directly at the
Loviisa power plant to verify some design modifications to the horizontal steam
generators.

The next experiment phase of the publicly funded research programme in the PACTEL
includes additional simulations of ATWS transients and studies of influences of non-
condensable gases on the natural circulation characteristics of the VVER reactors. Some
proposals have been made for further passive safety injection experiments, for example,
to simulate Russian VVER-640 design or to use the PACTEL in some research-oriented
TACIS/PHARE projects. The PACTEL has been in operation almost 10 years now. In
1997, PACTEL operators replaced the old data acquisition and process control systems.
The next modification will be to replace the existing fuel rod simulators with new ones
during 1998.
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Figure A. 38. Break flow measurement system.
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Table A.1. Characteristics of the main circulation pump.

rotation | volumetric head powewr efficiency torque density
Speed flow

n(rpm) | Q(m°h) H (m) P (kw) n (%) M (Nm) | o (kg/m?)
1500 0.00 15.97 1.35 0.00 8.59 1000
1500 12.47 16.06 1.70 32.02 10.82 1000
1500 23.49 15.55 2.08 47.81 13.24 1000
1500 36.35 13.90 241 57.08 15.34 1000
1500 54.81 8.89 2.80 47.41 17.83 1000
3500 0.0 87.56 10.03 0.00 27.37 1000
3500 25.34 87.45 14.17 42.60 38.66 1000
3500 48.37 85.38 18.12 62.09 49.44 1000
3500 72.01 79.84 22.55 69.45 61.52 1000
3500 89.72 71.99 25.04 70.27 68.32 1000
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Table A.2. Component dimensions (see fig. A.47 for components).

COMPONENT DIMENSIONS (mm) COMMENTS
Size di Length
1.Lower plenum 2168.3x14.3 139.7 2798 Bends: 1836400
2.Lower plenum 2168.3x14.3 139.7 2558 Bends: £x8@100
3.Lower plenum 2168.3x14.3 139.7 1338 Bends: B@@00
4.Core ©2219.1x18.2 182.7 4540
5.Upper plenum @219.1x15 189.1 5330
6.Hot leg | 260.3x3.9 52.5 1012
Hot leg Il 260.3x3.9 52.5 1112
Hot leg Il 260.3x3.9 52.5 1012
7.Hot leg | 260.3x3.9 52.5 3090 Bends: 1%4%125,r=76
Hot leg Il 260.3x3.9 52.5 3219 Bends: 1xP3x135°,r=76
Hot leg Il 260.3x3.9 52.5 3087 Bends: 1548x119,r=76
8.Hot leg | 260.3x3.9 52.5 1361 Including valve
Hot leg Il 260.3x3.9 52.5 1261 Including valve
Hot leg Il 260.3x3.9 52.5 1361 Including valve
9.Hot leg | 260.3x3.9 52.5 2143 Bends: 1896876
Hot leg Il 260.3x3.9 52.5 2143 Bends: 1%9676
Hot leg Il 260.3x3.9 52.5 2143 Bends: 159676
10.SG L,IL11 tubes 216.0x1.5 13.0 2521 14 U-tubes,r=45
SG LIL I tubes ?16.0x1.5 13.0 2528 14 U-tubes,r=75
SG LILII tubes 216.0x1.5 13.0 2574 14 U-tubes,r=105
SG LILI tubes 216,0x1.5 13.0 2632 13 U-tubes,r=135
SG LIL I tubes ?16,0x1.5 13.0 2718 13 U-tubes,r=165
SG LILI tubes 216,0x1.5 13.0 2821 13 U-tubes,r=195
SG LIL I tubes ?16,0x1.5 13.0 2951 13 U-tubes,r=225
SG LILI tubes 216,0x1.5 13.0 3093 12 U-tubes,r=255
SG LIL I tubes ?16,0x1.5 13.0 3275 12 U-tubes,r=285
11.SG L1111 shell @A 000x25 950.0 1600
SG LILII endings @000x23 954.0 333 Ellipsoid
SG LIL11 collectors @A80x20 140.0 737
- - 200 Reducer 6" -> 2"
260.3x3.9 52.5 150
12.Cold leg | 260.3x3.9 52.5 2143 Bends: 139976
Cold leg Il @60.3x3.9 52.5 2143 Bends: 189676
Cold leg Il ?60.3x3.9 52.5 2143 Bends: 1%9676
13.Cold leg | 260.3x3.9 52.5 376
Cold leg Il 260.3x3.9 52.5 376
Cold leg Il 260.3x3.9 52.5 376
14.Cold leg | @60.3x3.9 52.5 2887 Bends: 13964 7,r=76
Cold leg Il @60.3x3.9 52.5 3074 Bends: 1x?3%14% =76
Cold leg IIl 260.3x3.9 52.5 2923 Bends: 1X7u90°,r=76
15.Cold leg | 260.3x3.9 52.5 1307 Bends: 134376
Cold leg Il @60.3x3.9 52.5 803 Bends: 184676
Cold leg Il 260.3x3.9 52.5 551 Bends: 104676
16.Cold leg | 60.3x3.9 52.5 1385 Bends: 24590, r=76,including valve, excluding pump
Cold leg Il @60.3x3.9 52.5 1460 Bends: 2%45%9(°r=76,including valve, excluding pump
Cold leg Il 60.3x3.9 52.5 1517 Bends: 284B«90°r=76,including valve, excluding pump
17.Cold leg | 260.3x3.9 52.5 515
Cold leg Il 60.3x3.9 52.5 515
Cold leg Il 260.3x3.9 52.5 515
18.Downcomer ©180.0x15.0 150.0 940
19.Downcomer 288.9x7.6 73.7 4960
20.Pressurizer line @?33.7x3.2 27.3 1992 Bends: 9x888
21.Pressurizer line #33.7x3.2 27.3 3832 Bends: 9x888
22.Pressurizer line @?33.7x3.2 27.3 1334 Bends: 9xe88
23.Pressurizer line @33.7x3.2 27.3 349
24 .Pressurizer 2168.3x14.3 139.7 8800
25a Accumulator line @33.7x3.2 27.3 6347 Upper plenum injection
Bends: 4x96,r=38
25b Accumulator line @33.7x3.2 27.3 8377 Downcomer injection
Bends: 9x96,r=38
26.LPIS line ?33.7x3.2 27.3
27.HPIS line ?16.0x1.5 13.0
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Table A.3. Component volumes and flow areas (see fig. A.47 for components).

50

COMPONENT VOLUME [L] | FLOW AREA [cm?]
Lower plenum (1-3) 102.6 153.3
Core, lower part (4) 15.5 -
Core, power area 34.6 -
(3 channels + bypass) (4)
Core, upper part (4) 325 -
Upper plenum (5) 147.5 -
Hot leg | (6-9) 16.4 21.6
Cold leg | (12-17) 18.8 21.6
Hot leg 11 (6-9) 16.7 21.6
Coldleg |l (12-17) 18.3 21.6
Hot leg 111 (6-9) 16.4 21.6
Cold leg Il (12-17) 17.6 21.6
Downcomer, top (18) 15.8 176.7
Downcomer (19) 21.2 427
Pressurizer line (20-23) 4.5 5.9
Pressurizer (24) 133.5 153.3
Steam generators, primary side 69.9 -
Steam generators, secondary side 1378 -
(steam collectorsincluded)

Connection line, SG2->SG1 (28) 5.9
Connection line, SG3->SG1 (29) 5.9
Primary Circulation Pump 1.9 -
PRIMARY SIDE 827 -
SECONDARY SIDE 4135 -
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Table A.4. Component insulation (see fig. A.47 for components).

COMPONENT Insulation
Material Thickness (mm) Material Thickness (mm)
Core (4) Mineral wool 100 Aluminum 0.7
Upper plenum (5) Minera wool 100 Aluminum 0.7
Hot leg (6-9) Minera wool 60 Aluminum 0.7
Steam generators (10 -11) Minera wool 100 Aluminum 0.7
Cold legs (12 - 17) Minera wool 60 Aluminum 0.7
Downcomer (18 - 19) Minera wool 100 Aluminum 0.7
Lower plenum (1 - 3) Mineral wool 100 Aluminum 0.7
Accumulator line Mineral wool 30 Aluminum 0.7
Pressurizer surge line Minera wool 30 Aluminum 0.7
Accumul ator Mineral wool 60 Aluminum 0.7
Pressurizer (24) Minera wool 100 Aluminum 0.7
SG connection lines Mineral wool 30 Aluminum 0.7
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Appendix B Location of measurement instrumentation in
the PACTEL facility

Figure B. 1. Fluid temperature measurements in the Primary SIE. ........ocveieeiieie i s e e e nreens 2
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Figure B. 3. Temperature measurement positions in the steam generator Of [00P L.........ccccvicueieiiiereece e e 4
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Figure B. 16. Instrumentation of the downComer aCCUMUILOT. ........cccueiieiieiie et et esneeee s 17
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Figure B. 6. Pressure difference measurements.

B7



8661€0'81
L661V0'€0 Bmpwipoays

SINIWIANSYIW 3HL 40 SNITOON3

INIWIANSYIW FANLYITAWIL

3IV4aNS=S ‘aIN14=4

(Q’d‘¢> 3003 T3NNVHI

3403

(NOILO3S (31V3H 3HL 40 SNINNID3E) NOLLOE 3300 3JHL WOd4 NOILVA3T3

JFANLVAIdWIL TINT4

a3a13M

st IN-4ON Y dA+ 0% JL

INIOd LIN3W3IANSYIW a3rL

JANLVIIdWIL 33v4ansS

a3a13IM IN-JOIN X dAy g'0p JL
INIOd INIWIANSYIN

GET0 HOg 4l

9822 HJVYSL

8¥/1 HIV4L

0721 HIOVSL

2490 HIV4L

¥ET0_HIVSL

9822 HJJSL

8¥/1"HJJ4l

0121 HJIJS1

2/907HJJ41

€10 HJIJS1

9822 HJ4S1

8¥/1 HIg 4l

0121 HJgS1

2,90 HJg 41

€10 HIES1

3a03

J3HLO HOV3I WOY4 LAIVdY 00S
02=1 3IIXY-+OCISIV €8

SLINIWIAINSYINW

JAN1IVAa3IdWIL TNOAHS

Figure B. 7. Shroud temper ature measurements.

B8



OMT'ODINISd

'SNOILYIO7T LINIWIANSYIW

0022 00/£720 4
€022 0S//”€724 _
2022 0S//”27104 0G//Z 17104 —
1022 0S//,717104
802 00£6 HEDS90d 937 @02
1062 00£6~H29SS0d
GI1S S/¥01”HIDS¥0d
208 0¥S91” Hzd20d
00G 04121 HdNI0d _
SS3daav 3a09 G/¥01 HIBSY0d

937 LOH

T 40071

I JOLVYINTD WVILS

0S4/ 27104

937 @00

00€6 HZSDSS0d

937 LOH

¢ 40071

[T J0LVAIANTD WVYILS

06/, €704 A

JANSS3dd ANV MO74

— 00/£ 204

AO3WK

937 @02

00€6 HEDSS0d

937 LOH

€ 40071

[IT J01VHINTD WVILS

0£121 HdN1Od &=

0¥G91 HZd2Od =4

Figure B. 8. Flow and pressure measurement locations.

B9



codoy £6'C'9> IMT'NINYLNOD

ww g9sSsLt

068TT > + AYINIT]
3dNLa3dd00 1xX81a

91T X gs02

¥ X 006

r <X ovel

ocLr

59

j (FANSS3dd JTIIHSSOWHLY> N3IJO

c=s
<3BRISYID

resa

INL_GNDOISdT | dv
€ JINL_NO4L| €01
S ANL _ONJ4Ll | 231
T 2INL ONJ4Ll | 131
3a09 a1
- Il
ol + Rl
=
2ol
002="]
<eRISUl
)
€01| 49 |
P

00
001

Figure B. 9. Break flow measurement system.

B10



2V
&4
Y
Gé\/\/@
< 727/9 , ¢ @@0)

$60,3 x 2,5 S (88,9 x 2
S G
NS
30°
X
833,7 x 3,2
o CURVES 90° (R38>
o
W | 1 VALVE WHITEY SS-S65 PF16
——— 2 FLOW METER VORTEX (1“> DN235, PNI100
3 CONTROL VALVE DN235, ANSI600
VALTEK MARK ONE <(ANGLE>
4 VALVE SS-S65 PFl6 WITH ACTUATOR
N @)0
ol ——
- o
o
™
\ —
L
LOWER PLENUM @/D RN cone
® g 555 FC1 FLP
e SR TC1 TFLPH_0070
oNEN
19 &
2 133 S
/ ~—
TC1 5@@4 5 a
S > @
o & g 20
8 g FC1 6
’5%6 \,'\,6~>
1 a9 wastepiR.dwg 21097 tara

Figure B. 10. Drainage flow measurement system.

Bl1



200

gl TSPZH 15890

N |t
I o
TFPZH 15890, @@ g oo
2p90 DPPRZ6H_15040_16490
TFPZH 15040
— ap89 DPPRZ5H_13640_15040
Ap88 DPPRZ4H_12240_13640

PIPE 168.3x14.3 P87
MATERIAL AISI304

DPPRZ3H_10840_12240

2 p86 DPPRZ2H_9440_10840

/
(2
&/

1400

ap85 DPPRZ1H_8040_9440

TFPZH 13640
TN

ap24 D24PZ8040PZ16540

C1 TSPZHEATER_1
g Tc2 TSPZHEATER_2
TC3 TSPZHEATER_3
TFPZH 12240 _ TSPZH 12240
= N I =7KkW 380V
w

II = 4 kW, 380 V
A p24
II1= 2 kW, 380 V
TC = HERAEUS, TYPE MT-TA-1C-AV60
TC1

(B
&
1400

e
TFPZH 10840 . 7T SPAGER
—

TC2

—=

B
&/
1400

JS
| w
I
2075

1500

1000

TFPZH 9440

POWER AgEA BEGINS

p=

]

iy
HEATER

(B
&/
1400

PRZ SURGE LINE

TFPZH 8040
R

200

INSTRUMENTATION OF THE PRESSURIZER OF PACTEL

PREINSR.DWG 2.10.97 HAPA

Figure B. 11. Instrumentation of the pressurizer.

B12



86'€'81
odoyy £6'y'S2 DMTILIOLS

I JOLVI3ENID WY3LS

Gl

.

(€ _SSIANMJIHL)
3197d Sves

001 100M TIYA3NIW

£'0 WNNIANTY

104719841 | Sa1
d0L1719S4L | ¥3l
WY3LSTOS4L | €31
NI 40 19S41 | 231
1no 43 19S41 | 131
3a03 Jl

Figure B. 12. Position of the thermocouples measuring structure temperatures in the steam generator 1.

B13



86'€'8l

odoyy  /6''G2 OMT'IL2OLS

II J0LYY3INID WY3LS 1||T|T_, ,
| 106 25541 | 601
+ dOL 29SS4l | ¥OL
f i WY31SeDSdl | €a1
7 NI dJ 2034l | 201
val 7 7 INO dJ 29341 | 101
|
T

00T 00M TIVA3NIW

£'0 WNNIWNTY

(€ SSINAJIHL
319Y7d Svée

Figure B. 13. Position of the thermocouples measuring structure temperatures in the steam generator 2.
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Figure B. 14. Position of the thermocouples measuring structure temperatures in the steam generator 3.
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Figure B. 21. Temperature measurements inside the cladding in the Channel B.
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Figure B. 22. Temperature measurementsinside the cladding in the Channel C.



Table B.1. Flow measurement locations.

M easur ement Figure
Downcomer flow B.8
Loop 1 flow B.8
Loop 2 flow B.8
Loop 3 flow B.8
High pressure injection A.30
Accumulator injection to A.29
downcomer
Accumulator injection to upper A.28
plenum
Low pressure injection A.28and A.29
Steam generator 1 steam flow A.36
Steam generator 2 steam flow A.37
Steam generator 3 steam flow A.38
Steam generator 1 feed water A.39
flow
Steam generator 2 feed water A.40
flow
Steam generator 3 feed water A.41
flow
Drainage flow B.10
Break flow A.34and B.9
Pressurizer spray flow A.44
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