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1.0 INTRODUCTION

The Low Pressure Integral Systems Test Facility, also known as AP600 Long Term Cooling Test
Facility is locaied in the Radiation Center Oregon State University, Corvallis, Oregon. This facility,
which 1s designed for 400 psig and 450°F, models the following AP600 systems:

¢ Reactor Coolant System (RCS)

e Primary Side of Steam Generator System (SGS)

e Passive Core Cooling System (PXS)

» Partial Chemical and Volume Control System (CVS)

« Partial Non-Safety Grade Normal Residual Heat Removal System (RNS)
¢ Automatic Depressurization System (ADS)

* Lower Containment Sump Recirculation System (LCS)

The purpose of this test program is to provide thermal hydraulic data to validate the thermal hydraulic
computer code being developed for transient and steady state safety analyses of the AP600. In
particular, gravity-driven injection and natural circulation, passive cooling for long-term heat removal
are investigated.

The normal operating conditions for this facility are:

Pressurizer pressure = 370 + 2 psig

Hot leg temperature = 420 + 2°F

Steam generator pressure = 285 + 5 psig
1.1 Overall Test Objectives
Unique features of the AP600 will be tested in this program. In particular, Automatic Depressurization
System (ADS) operation, Core Makeup Tank (CMT) injection, Accumulator (ACC) tank injection, In-
containment Refueling Water Storage Tank (IRWST) injection, Passive Residual Heat Removal heat
exchanger (PRHR HX) operation and Lower Containment Sump (LCS) recirculation will be tested.
Integral operations of all these features will be investigated from transient to steady state long term

cooling conditions.

Thermal hydraulic data for these integral system operations will be obtained for the following
simulated loss of coolant accidents (LOCA):

e Cold leg break of various sizes and locations
* Hot leg break at pressurizer side

e [nadvertent ADS operation

u\apSO0\L | 96w wpf: 16-072894 1-1
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¢ Direct Vessel Injection line break of different sizes, including double ended break. Break is
located on CMT side

e CMT/cold leg pressure balance line break of different sizes, including double ended break.
Break is located in CMT side.

In addition, a single-ended failure will be tested for each of the above LOCA cases.

1.2 Specific Test Objectives
The specific test objectives of this program are:

» Design, construct and operate a scale model that will provide thermal hydraulic data on system
performance for the AP600, including long term cooling, for computer code validation.

* Measure flows, pressure drops, phase changes, heat fluxes, and temperatures in all loop flow
paths and in the simulated reactor vessel, to characterize the operation of the safety features of
the AP600 sca.ed model during small break LOCAs (SBLOCAS) and the long term cooling
periods to obtain a mass and energy balance on the system.

e Provide valid thermal hydraulic data on the system behavior on a scaled basis for each of the
different injection systems: CMT, ACC, IRWST and the LCS.

* Provide data on the interfacing effect from the CVS makeup pump and Non-Safety RHR pump
on long term cooling,

« Provide a basis to scale the test results to high pressure core cooling transients,
* Investigate the performance of the PRHR,

* Investigate integral system behavior, particularly safety system interactions during SBLOCAs
and long term cooling.

1.3 Documentation

A total of 19 tests will be performed. The test matrix is constructed with the AP600 2-inch Cold Leg
break as the base case. Various single failures are tested to investigate transient and long term core
cooling operation. In addition, other break sizes are used. Table 1. Appendix A is a detaiied tabular
listing of the test matrix and the hot functional tests. Appendix B contains the key drawings referred
to in this report. Appendix C is the Test Facility drawing list. Appendix D contains the
instrumentation list for the Test Facility. Appendix E the Orifice Sizing Details. The complete set of
drawings (approximately 300) are available on request from Westinghouse in either microfiche or
electronic file (Autocad) format.

rJ
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2.0 DESIGN BASIS OF THE TEST FACILITY

The design basis of the Test Facility is the scaling analysis of the AP600 (Ref. 2-3). The purpose of
scaling analysis is to guide the design of the test facility so that the thermal-hydraulic performance of
the test facility will properly simulate the phenomena important to the passive safety features of the
AP600.  The test facility is designed with reduced dimensions and lower temperatures and pressures
than tie actual reactor. The scaling methodology and the overall results are provided in this section.

2.1 Methodology

To assure that the scaling objectives are met in an organized and traceable manner, a general scaling
methodology (GSM) for the Low Pressure Integral Systems Test Facility has been developed. The
model for this scaling methodology is partly drawn from the U.S. NRC's Severe Accident Scaling
Methodology (SASM) presented in NUREG/CR-5809 (Ref. 2-1). A flow diagram describing the GSM
is presented in Figure 2.1,

The first step is to specify the experimental objectives. The experimental objectives define the types
of tests that will be performed to respond to specific licensing and design needs. The experimental
objectives determine the general modes of operation that should be simulated in the test facility.

The second step is the development of Plausible Phenomena Initial Ranking Tables (PPIRTS)

(Ref. 2-2). The nature of scaling forbids exact similitude between the AP600 and the test facility
operating conditions. As a result, the design and operation of the test facility will be based on
simulating the processes most important to passive safety system performance and long term cooling.
The function of the PPIRTs will be to identify the key thermal hydraulic phenomena that should be
scaled in the context of LOCA transients. Many of the phenomena of importance to AP600 LOCA
behavior have already been identified by existing Phenomena Identification and Ranking

Tables (PIRTs) (Ref. 2-2). However, some of the AP600 modes of operation have never been
verified. Therefore, the first series of tests may help identify additional thermal hydraulic phenomena
of importance. Hence. the use of PPIRTSs rather than PIRTs. The development of the AP600 LOCA
PPIRTS is presented in the facility scaling analysis report (Ref. 2-3).

The third step is to perform a scaling analysis for each of the modes of operation specified by the
experimental objectives and further defined by the PPIRTs. The Hierarchical Two-Tiered Scaling
Analysis (H2TS) developed by the U.S. NRC (Ref. 2-1) has been selected for the scaling analysis of
this facility. Detailed discussion of the application of this method to the Low Pressure Integral
Systems Test Facility is provided in Ref. 2-3.

The fourth step is to use the scaling analysis results to develop a set of characteristic time ratios
(dimensionless x groups) and similarity criteria for each mode of operation. Because it is impossible
to identically satisfy all of the similarity criteria simultaneously, the set will only include those criteria
which must be satisfied in order to scale the most important phenomena identified by the PPIRT.

0. \apoOOL 196w wpf: 1b-072894 2-1
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Step five is an evaluation of the scaling criteria to determine if the scale model geometry, boundary
conditions or operating conditions would introduce significant scaling distortions. Distortions are also
evaluated relative to other modes of operation.

2.2 Facility Scaling Parameters

The height scaling ratio has been set at 1:4 and the diameter scaling ratio, at 1:6.93. These ratios were
based on the objective of minimizing power requirements while maximizing height and maintaining
sufficient system volume to properly model loop pressure drop and three-dimensional flow in the
downcomer, core, and plenum regions.

The important factors that were considered in determining the height scaling ratio were:

* Minimum diameter ratio to satisfy skin friction pressure drop requirements could be met easily
with commercially available pipe and drawn tubing.

* Diameter choice was consistent with two-phase scaling and flow regim. transitions
*  Fluid volume requirements were reasonable | e
* Power requirements were reasonable (-~ 600 kW),

» Time scale makes long term cooling test duration reasonable (1, = 0.5).

* L/D ratio indicates that multidimensional flow effects will scale well under fluid property
similitude | e

* Elevation is sufficient such that differential pressure measurements between hot and cold legs
are well within instrument capability.

¢ Construction and material costs economical.

The scaling ratio for the piping was selected to ensure that the frictional losses because of the piping
roughness do not bias the buoyancy effects which determine natural convection rates. Analysis of the
buoyancy-friction balance equation resuited in a minimum diameter ratio of | o

(Ref. 2-3). Therefore. a minimum diameter ratio of | |** was selected because it was
greater than the minimum and could be obtained with commercial pipe sizes. Also, thermal effects of
this size piping (i.e., heat losses and heat storage effects) could be modeled.

Once the length and diameter scaling ratios were determined, the dimensions of the test facility could
be geometrically scaled. Table 2-1 summarizes the scaling ratios for the test facility.

W AL HO6w wpf | b-072894
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2.3 Mass/Energy Balances

Since accurate measurements of the components of a two-phase flowing mixture are difficult and the
equipment to accomplish these measurements is very expensive, it was decided to separate the
two-phase flow into its single phases, and to measure the flows with conventional instrumentation.
Therefore, all two-phase streams that are vented from the Reactor Coolant System are measured using
conventional vapor-liquid separation devices. Where required to simulate AP600 systems, the resultant
single phase flows are recombined before heing returned to the system. In other cases, the steam is
vented and hot water from an auxiliary storage tank is injected matching the mass of the steam that
would have condensed had the steam been released into the AP600 containment. It should be noted
that the heat transport processes in the containment are not modeled in this test facility; however, the
condensate return process is modeled.

This approach permits accurate measurcina Of the two-phase flows released from the RCS with
simple, relatively inexpensive components. Thermal hydraulic similitude is maintained either by
recombining the single phase streams or by make-up of hot water for vented steam which would have
been condensed.

u\apbO0\] 196w wpf 1b-072804
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30 FACILITY DESCRIPTION

The Low Pressure Integral Systems Test Facility has been designed for operation at 400 psig and
450°F within the requirements of the ASME Pressure Vessel Codes, Section VIII, Pressure Piping B31
(ANSVASME B31.1), OSHA Standards, and Oregon State Fire Protection Codes. 1In this section, the
overall test facility and each component are described. All components and piping are fabricated from
austenitic stainless steel; flanged, gasketed connectors are used throughout the test facility,

11 Overall Facility

The Low Pressure Integral Systems Test Facility is a scaled model of the AP600 RCS, SGS, PXS,
ADS, LCS, CVS and RNS. In addition, the facility is capable of simulating the AP600 Passive
Containment Cooling System condensate return process. Figures 3.1 through 3.4 are photographs of
the completed facility; Figure 3.5 is an isometric drawing of the test facility, Figure 3.6 is a simplified
flow diagram of the test facility: pages 1-1 through 1-19 of Appendix F are detailed Piping and
Instrumentation Diagrams (P and ID) for the test facility and its systems. The facility accurately
reflects the AP600 geometry including the piping routings. The relative locations of all tanks and
vessels such as IRWST, CMT's and Accumulators, are properly modeled both horizontally and
vertically. This facility uses a unique Break and ADS Flow Measurement System (BAMS) to measure
two-phase break and ADS flow.

3. L1 Reactor Coolant System (RCS)

The Reactor Coolant System (RCS) is comprised of a Reactor Vessel (RV) with electrically heated
rods to simulate the decay heat in the reactor core and two primary loops. Each primary loop consists
of two cold leg pipes and one hot leg pipe connecting a Steam Generator (SG) to the Reactor Vessel.
Each cold leg has a Reactor Coolant Pump (RCP) which takes suction from the Steam Generator
channel head (downstream of the Stearn Generator U tubes) and discharges it into the downcomer
region of the Reactor Vessel. A Pressurizer (PZR) with an electric heater is connected to one of the
two hot legs through a uniquely designed surge line piping. The surge line is formed to a spiral
geometry, and it acts as a spring which alleviates piping expansion loads at the pressurizer during
thermal transients. The top of the Pressurizer is connected to the ADS1-3. ADS4 is connected to the
Hot Leg.

The Reactor Vessel also consists of two Direct Vessel Injection (DVI) nozzles connecting to the

DVI lines of PXS. A flow venturi is incorporated in each DVI nozzle to limit the loss of inventory
from the Reactor Vessel in the event of DVI line break, particularly the double ended DVI line breaks.
Each Hot Leg provides a connection to one of the two fourth stage ADS lines (part of ADS). The
RCS details are shown in the system arrangemeni drawings, pages 3.1 and 3.2 of Appendix B. Detail
descriptions of RCS components are discussed in Sections 3.2 to 3.10,

uapb00\] 196w wpf: 1b-072804 3.1
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Figure 3.2 TRWST
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Figure 3.4 Upper Level (CMT in Foreground)
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3.1.2 Steam Generator System (SGS)

This test models the primary side of the SGS with two steam generators, one per primary loop. A
simulated feedwater line is used for each steam generator t0 maintain proper steam generator water
level. The steam produced in each steam generator is measured and exhausted to the atmosphere
through a common diffuser and stack.

Proper AP6(X) SGS operations during LOCA transients are simulated in this facility. A drop in
primary water level produces an "S" signal which shuts the feedwater supply and maintains SG
secondary side pressure at its proper value. This control logic simulates that of AP600 and
consequently provides proper boundary conditions for the transient behavior of the facility. A detailed
description of the SGS is provided in Section 3.9.

3.1.3 Passive Core Cooling System (PXS)

The Passive Core Cooling System consists of two CMT's, two accumulators, one IRWST, one

PRHR HX, and one ADS sparger and the associated piping and valves. A Separator (ADS1-3
Separator) is used to separate two phase flow into single phase steam and liquid to facilitate flow
measurements. The test facility simulates the AP600 IRWST with a cylindrical tank with properly
scaled water volume and height. It is located above the reactor core with two injection lines
connecting to the two DVI injection lines-one per DVI injection line. Each IRWST injection line also
communicates with the sump tank with inter-connecting piping and isolation valves. Venting of the
IRWST to the Containment and overflowing of IRWST water to the sump are also simulated in the
test model.

Two CMT's and two Accumulators are used in PXS. They are located at the opposite side of the
pressurizer or the IRWST. One CMT and one ACC is connected to one DVI line while the other
CMT and ACC are connected to the other DVI line. Both DVI lines enter the downcomer of the
Reactor Vessel at the DVI nozzles, The PRHR HX is located inside the IRWST, using IRWST water
as the cold reservoir. The inlet of the PRHR HX is connected to the PZR side hot leg, via a tee at the
ADS4 line, and the outlet to the SG channel head at the cold leg side. Since the inlet is hot and the
outlet is cold, water is circulated through this system by natural convection. The water volume and
elevation of each CMT is properly scaled and modeled. They are elevated above the reactor vessel
and the DVI lines. A line connecting the top of each CMT to its Cold Leg provides pressure balance
between the RCS and the CMT. Therefore the CMT injects cooling water by its own elevation head.
The Accumulators are also modeled with proper volume and height. However, they are pre-
pressurized and therefore inject when RCS pressure is below the pre-selected ACC pressure.

The sparger is located inside the IRWST and is connected downstream to the ADS1-3 Separator. Its
function is to distribute the ADS1-2 flow evenly into the IRWST.

Detail descriptions of PXS major components are provided in Sections 3.11 through 3.19.

uapbO0\] 196w wpl:1b-072894 1.8
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The PXS, together with ADS, provides adequate reactor core cooling for the complete range of LOCA
accidents. It also provides emergency core decay_heat removal. In the event of a LOCA, the CMTs
inject ambient water to the RV once the injection isolation valve opens. The Accumulators also injeci
water once the RCS pressure drops below the pre-set accumulator pressure. As the CMT water level
drops, the ADSI1 through ADS4 isolation valves open sequentially to depressurize the RCS. The
opening of the 4th stage ADS valve would reduce the RCS pressure to equal the containment pressure,
hence the IRWST would inject by its own elevation head. Finally, the sump would inject water to the
RV once enough elevation head is established. This process, together with the Passive Containment
Cooling System operation, provides long-term reactor core cooling.

Accurate, direct measurement of the two-phase flows vented from the system (simulated breaks, ADS
flows) are difficult and expensive. A unique system, termed the Break and ADS Measurement System
(BAMS), was designed specifically to measure these two-phase flows. BAMS is based on separating
the two-phase flows into individual single phase flow streams which can be accurately measured with
conventional instrumentation.

3.1.4 Automatic Depressurization System (ADS)

AP600 uses two 100%, fully redundant ADS1-4 trains. The test facility models both trains of ADS1-4
in the AP600 with only one train, using removable flow nozzles to match the flow characteristics,

The Ist stage, 2nd stage and 3rd stage of the ADS are arranged parallel to each other. Each stage
consists of a pneurnatically operated, full port ball valve and a flow nozzle. The ball valve simulates
the isolation valve (gate) in AP600 and the flow nozzle simulates the flow control (globe) valve in
AP600. The flow area is properly scaled and modeled for single train operation or double train
operation. Therefore, two sets of flow nozzle will be used - one set for single train simulation and
the other for double train simulation.

The first three stages of the ADS are connected to the top of the pressurizer. The discharge lines from
the ADSi -3 valves are joined into one line which is connected to the ADS1-3 Separator and to the
sparge: insile the IRWST. These valves are opened by the logic controlier. Once opened, the RCS
pressure will drop and the flow flashes into two phase flow. This two phase flow is separated in the
Separator with a swirl-vane separator and the liquid and vapor flows are measured to obtain the ADS
total flow for mass and energy balance analysis. The separated flow streams are then recombined and
discharged into the IRWST through the Sparger. Thus, the mass flow and energy flow from ADS1-3
into the IRWST are preserved.

Each train of 4th stage ADS is connected to the top of a Hot Leg. It consists of a pneumatically
operated full port ball vilve acting as the ADS4 isolation valve and a flow nozzle simulating the flow
area in AP60X). Again, two sets of flow nozzles are used in the test — one simulates 100% flow area
and the other simulates 50% flow area. For those tests that require complete failure of an ADS4 train,
the line is simply closed. In the AP6(X, the ADS4 line discharges into the containment. When the
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ADS4 isolation valves open, the flow flashes into steam inside the containment. In the test, the ADS4
discharge flows to the ADS4 separator where the steam and liquid flows are separated. The steam
flow is measured and exhausted to the atmosphere. The liquid flow is measured and directed to the
Primary Sump Tank of the LCS. This two phase flow measuring scheme is part of the Break and
ADS Flow Measurement System (BAMS) discussed in more detail in Section 3.2.1.

3.1.5 Lower Containment Sump (LCS)

The Lower Containment Sump in the AP600 consists of two volumes — normally flooded and
normally non-flooded. The normally flooded volume consists of those compartments that would
collect liquid break flow, ADS flow and other liquid flow leaking out of the AP6(0 inside the
containment. For example, the compartments that house the Reactor Vessel or the Steam Generators
are normally flooded. The normally non-flooded volume includes those compartments that do not
collect any liquid flow. The only communicating path between the normally flooded volume and
normally non-flooded volume is at the top of these compartments called the curb. in the test a
cylindrical tank (Primary Sump Tank) is used to model the normally flooded volume. The normaliy
non-flooded volume is modeled with another cylindrical tank identified as the Secondary Sump Tank.
These two tanks are connected with a line at a level simulating the curb level in the AP600.

The Primary Sump Tank is designed to properly scaled volume and height. It includes sump injection
lines injecting water into the DVI lines. These injection lines also communicate with the IRWST
injection lines at properly scaled elevation and locations. The overflow from IRWST is also collected
in this tank simulating the overflow path in the AP600.

The secondary sump is also designed to contain properly scaled water volume and height. It is
connected to the Primary Sump Tank by a short length of 6 inch Sch. 40 pipe. This pipe is very short
to minimize flow resistance since the flooded and non-flooded AP600 Containment volumes are only
separated by the curb. The pipe also has a flange joint with a weir in between. The height of this
weir models the curb level in the AP600.

Detail descriptions of LCS components are included in Section 3.15.

3.1.6 Normal Residual Heat Removal System (RNS) and Chemical and Volume
Control System (CVS)

In the AP600, the RNS can be used to provide non-safety cooling water injection to the reactor core.
In this case, the RNS pump takes suction from the IRWST and discharges it into the DVI lines. The
delivered flow rate is a function of the RCS pressure. This process and its time-dependent flow are
modeled in the test. The RNS pump in the test takes suctior. from IRWST at the properly scaled
location and elevation and it discharges the flow to both DV{ lines at properly scaled locations. These
two lines are balanced so that equal flow can be delivered tc each DVI line. The ume-dependent flow
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in the AP600 is also modeled and automatically controlled by the PID controller. Section 3.18
provides more details of the RNS components.

The makeup line in the AP600 CVS is modeled in the test. This line contains a pump taking suction

from the feed storage tank and discharging to the Steam Generator #2 (Pressurizer side) channel head

at the Cold Leg side. The makeup flow is scaled form AP600O makeup flow rate as a function of RCS
pressure and is controlled automatically by the process controller,

3.1.7 Break and ADS Flow Measurement System (BAMS)

The mass and energy of the test facility, both on individual components and the overall system, must
be maintained in order 10 properly simulate the long term cooling phenomenon in AP600O. To do this
the flow rate at various locations and equipment must be known. For those locations where a single
phase flow exists, flow rate measurement is relatively simple and reliable. However, there exist some
locations and equipment in the test facility with two-phase flows. Since direct measurement of two
phase flow is not practical and is extremely 2xpensive, an indirect method is used — the BAMS.

The BAMS system is uniquely designed for the test facility to measure two phase flow and energy
indirectly. This system uses separators to separate the two phase flow into single phase liquid and
single phase steam flows for direct flow rate and temperature measurements. This system also
measures all break flows, i.e. LOCA, operations and inadvertent ADS operations, The heart of the
BAMS consists of steam-liquid separators and the interconnecting pipes and valves to the various
break sources, the primary sump tank, the ADS1-3 lines and the main steam header.

3.1.7.1 ADSI1-3 Separator and Pipe Route

One separator is dedicated as the ADS1-3 moisture separator. It has one inlet and two outlets. Two
phase flow (steam and water) form the ADS1-3 lines enter the ADS1-3 separator where the steam is
separated from the mixture. The steam flows out of one outlet while the liquid drains down the other.
These two lines are recombined at some distance downstream and are discharged into the IRWST via
the sparger located inside the IRWST. To prevent the steam blowing through the liquid drain, a liquid
loop seal is incorporated to the liquid drain line of the separator. Also, the steam and liquid lines are
carefully sized such that, at full flow, the pressure drop from the steam outlet to the recombined
common point is smaller than that from the liquid drain outlet to the same recombined point. This
ensures the steam outlet pressure being less than the liquid drain line outlet pressure, hence, steam can
only exit the dedicated steam line where it is measured by vortex flow meter and fluid vortex
thermocouples.

The ADSI1-3 Separator, the steam line and the liquid line, as well as the recombined line are all
insulated to minimize heat loss to the atmosphere. Furthermore, both the Separator Tank and the
steam line are heat traced to maintain a temperature of approximately 200°F to minimize non-
prototypical steam condensation. Consequently prototypical quality is preserved. The liquid loop seal
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is pre-filled with hot water at approximately 180°F prior to actual testing. All these features assure
negligible energy flow to the atmosphere and proper energy transferred directly to the IRWST, as in
the AP600.

3.1.7.2 ADSA4 Separator and Pipe Route

Two ADS4 Separators are used — one for each 4th stage ADS line. The Separator connecting to
ADS4 line from hot leg #1 (CMT side) is identified as ADS4 #1 Separator, and the other Separator is
called ADS4 #2 Separator, ADS4 #2 Separator is sized to perform two functions — it serves to
separate two phase ADS4 flow normally and to separate break flow for certain cases. ADS4 #1
Separator is designed to separate two phase ADS4 flow only, and it can handle 150% of normal ADS4
flow.

Each ADS4 separator separates the two phase mixture into single phase steam and single phase liquid
for flow rate, pressure and temperature measurements, The steam exits of the top outlet nozzle while
the liquid drains at the bottom outlet. Again, a loop seal is used in the liquid drain line to prevent
steam blowdown through the liquid line. The steam line connects 10 a common steam header and the
liquid line to the primary sump tank. This connection simulates the ADS4 operation process in AP600
where the steam flow rises to the containment wall and liquid drains to the sump.

Similar to the ADS1-3 Separator, the ADS4 Separators, the liquid lines and steam lines are all
insulated to minimize condensation and heat loss. Also, the steam lines and separator are all heat
traced to maintain a temperature of approximately 200°F and liquid line loop seal is pre-filled with hot
water of approximately 180°F prior to actual testing.

3.1.7.3 Break Separator and Pipe Route
The following break simulations are tested:

* Small break at bottom of DVI line

* Double ended break at DV line

* Small break at bottom of cold leg/CMT balance line
* Double ended break at cold leg/CMT balance line

¢ Small break at bottom of cold leg

* Small break at top of cold leg

* Small break at bottom of hot leg

The Break Separator is designed to receive two phase break flow from break source and separator
steam and iiquid for single phase flow pressure and temperature measurement. Again, the Separator
and steam lines are heat traced and the loop seal is pre-filled with hot water to minimize heat loss and
non-prototypical condensation.
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In the event of double ended CMT/cold leg balance line break simulation, the Break Separator receives
break flow from one end of the broken pipe. The ADS4 #2 Separator is used to receive break flow
from the other end of the broken pipe, while ADS4 #1 Separator receives all ADS4 flow.

318 Instrumentation System
Instrumentation is provided to record the necessary data to calculate mass and energy balances for the
test facility during transients simulating the accident events being investigated. Approximately
850 data channels are continuously recorded by the digital Data Acquisition System (DAS). Only
conventional devices are used and they can be categorized as the following:

* Magnetic flow meters are used to measure single phase liquid flow rates

* Vortex flow meters are used to measure single phase steam flow rates

* Heated thermocouple phase switches are needed to indicate changes of phase, e.g. from single

phase liquid to single phase steam, or vice versa and to provide local temperature

measurements

e Thermocouples are used to measure fluid temperatures (TF) and component wall temperatures
(WT)

e Heat flux meters are used to measure component wall heat dissipation rates (losses)

» Differential pressure cells are used to measure liquid levels

e Load cells are used to measure weights
The ranges for the instrumentation in the text of this report and in the Instrumentation List,
Appendix D, are nominal values. For some tests, the ranges for several instruments were changed to

provide more accurate data for the specific test conditions. The calibration rarges for the
instrumentation are updated and included in each test report.

A
.

—

tad
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3.1.9 Orifices and Nozzles

Orifices or flow nozzles were used in critical lines to scale the line resistances in the Test Facility to
the AP600. The bases for these devices are discussed in this section.

ADSL-3 Flow Nozzles

The test facility models both single and double trains of ADS1-3 lines in the AP600. This is
accomplished by using an isolation valve in series with a flow nozzle in each of the ADS1-3 lines.
The isolation valve simulates the gate isolation valve in AP600 while the flow nozzle simulates the
globe control valve in the AP600. The flow nozzle models the proper flow area of the globe control
valve in the AP600.

Proper scaling of the flow through the ADS1-3 model relief system requires that the quality of the
flow be considered in sizing the nozzles. Since the mass flow through the nozzle depends upon the
flow quality, two venturi-type flow nozzles, one for high quality flow and one for low quality flow,
were designed. Sharp-edged orifice plates are not suitable for this application because since their
discharge coefficients vary with Reynolds number leading to wide ranges in mass flow as the quality
changes. The flow nozzles were be sized as follows:

*  One set of flow nozzles for single train simulation with small break LOCA.

e One set of flow nozzles for double train simulation with small break LOCA.

¢ One set of the flow nozzles for single train simulation with large break LOCA.

¢ One set of flow nozzles for double train simulation with large break LOCA.
The sizes of these flow nozzles are tabulated in Table 7.5, Section 7.

ADS4 Flow Nozzle

Two types of flow nozzles are used in the test. The first type simulates 50 percent flow area of one
AP600 ADS4 train and the second type simulates 100 percent flow area of one AP600 ADS4 train.
Fluid similarity is the scaling basis.

Scaling Analysis requires that each line must be properly scaled to have proper fluid similarity.
Among all scaling criteria, the pressure drop scaling ratio is an important criterion, The pressure drop
ratio is [ ]*® Any line that does not meet this requirement must be fitted with an orifice plate to

bring the pressure drop ratio to [ |** The AP600 line resistances used for this scaling were obtained

from AP600 Safeguards Interface Data, Volume 1, NSSS, AP600 Doc. No. GWGL0OO2, Rev. 0.
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Table 7.4 lists the orifice plate sizes and locations. They are all sharp edge type orifice plates built to
ISA standard and are sized to meet the pressure d.op scaling criteria.

DVI Venturi

The DVI venturi scaling criteria is the same as break hole (venturi) scaling criteria. This is because
the DVI ventuni is used to restrict the break flow out of the reactor vessel. The geometry of the DVI
ventun is the same as AP6(00 and the throat diameter as well as the L/D rauo are properly scaled.

3.2 Reactor Vessel

The reactor vessel is a right circular cylinder with a flanged hemi-spherical upper head and a flanged
fiat bottom. It models the following regions:

* Lower plenum

* Core
* Upper plenum
e Upper head

The lower plenum region is the region below the lower core plate of the reactor core. The net water
volume in the AP600 lower region is modeled in the test. Since the reactor vessel inside diameter is
determined by the proper scaling of upper plenum volume, core region volume and special downcomer
region scaling criteria, the lower plenum region cross sectional area is slightly distorted on the scaling
basis.

3.2.1 Function
The Reactor Vessel (RV) is the smallest and most economical volume required to contain the reactor
core, control rods, in-core instrumentation, and the necessary supporting and flow directing internals,
The RV also provides the nozzles for the primary loop piping and the Direct Vessel Injection Lines.
3.2.2 Reactor Vessel Scaling Basis
The Reactor Vessel is scaled on the following bases:
abgc
* Height

*  Volume

The upper and lower plenum volumes are designed to this same scaling ratio. The inside diameter of
the Reactor Vessel is determined by the gap required between the Core Barrel and this surface to
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Figure 3.2-1 Reactor Vessel and Its Internals
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The Rod Bundle heaters were programmed to follow the calculated decay heat power starting at
600 kW, The programmed Rod Bundle power is gorrelated with the time after reactor shutdown in

Table. 3.3-1.

3.3.3 Rod Bundie/Heater Description

The Rod Bundie consists of 48 Type 304 stainless steel clad heaters, each with a maximum power of
15 kW. The l-inch diameter heater rods are 60-inches in overall length, with a 36-inch heated length
and a wall thickness of 0.061-inch. Power is skewed to provide higher heat fluxes at the top of the
core by means of the resistance heater coil winding density. The power produced in each six inch
incremental length of each heater rod (beginning at the bottom, i.e., the end closest to the electrical
and thermocouple leads) is:

Section Heated Length, Power. Watts | Heater Wire Size, | Heater Length,
Inches AWG No. Inches
1 6 623 31 S5 112
2 6 1758 28 39 1/4
3 6 2697 27 32 12
4 6 3373 26 32 12
5 6 3644 26 30 122
6 6 2905 26 37 3/4
Total 36 15000

A section of the heater with reduced diameter of 0.5-inch passes through the lower flange and is
sealed by a Swagelok fitting. Key characteristics of the Rod Bundle are summarized in Table 3.3-2,
Page 2.60a of Appendix B is the drawing showing the details of the heater rods.
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TABLE
ROD BUNDLE HEATER POWER

Time After Shutdown Calc. Power

(Sec.) (kW)

0.5 600

0.75 600

1 600

2 600

3 600

4 600

S 600

1.5 600

10 600

20 600

30 600

40 600

50 600

75 600

100 600
140 600.0
200 523.7
300 4554
400 4148
500 386.7
750 341.6
{ 1000 313.4
2000 255.7
3000 297.3
4000 209.2
5000 196.2
7500 174.1
10000 160.9
20000 132.0
30000 117.6
40000 106.3
SO0 101.6
75000 90.5

j&M) _ S 83.4 —
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TABLE 3.3-2
ROD BUNDLE CHARACTERISTICS

Metric

Number of Heater Rods

Maxunum Power per Rod

Rod Diameter

Heated Length

r Heated Surface Area

ﬂ Rod Cross-Secuonal Area

Heated Volume

Total Heated Surface Area

Total Heated Cross-Sectional Area

Total Heated Volume

Heater Rod Pitch

Pitch/Diameter Rauo

Subchannel Flow Area

Hydraulic Diameter

Average Rod Heat Flux

Radial Power Peaking Factor

Axial Power Peaking Factor

Hot Channel Factor

S Es
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3.4 Reactor Internals
3.4.1 Reactor Internals Functions

The Reactor Internals have several functions related to core support and fluid flow. Specifically, the
following components of the Reactor Internals provide these functions:

Core Barrel - separates core flow from downcomer.
Lower Core Plate - supports the fuel rods and distributes the flow.

Upper Core Plate - retains fuel rods in axial position and provides support for the upper
internals

Upper Support Plate - supports upper head components

Upper Internals -provide guide tubes for the insertion of the in-core instrumentation and
control rods.

Downcomer - provides flow path for cold leg fluid from the cold leg nozzles to the core inlet
plenum.

342 Reactor Internals Scaling Basis

The Core Barrel was sized to maintain the total core volume scaling ratio at [ ]* and the length
ratio of [ ]* The Upper and Lower Core Plates and Reflectors were sized to provide the heated
volume of the modei at these same ratios. In order to limit the stored energy in the reflector region to
the same magnitude as that in a full size core, the reflectors are made of Purocast® XR High Alumina
Castable ceramics manufactured by National Refractories and Minerals,

The thicknesses of the Upper and Lower Support Plates were scaled according to the length ratio and
designed to provide adequate support of the simulated core. The Upper Support Plate flow
characteristics were scaled to provide appropriate liquid-steam interactions during liquid drainage
through this component following a depressurization transient. Table 3-2 summarizes the Upper
Support Plate scaling ratios and dimensions.

The total flow volume at the Upper Core Plate is scaled to a ratio of | |* and the thickness to a
ratio of [ " Therefore, the flow area is properly scaled to a ratio of | I*

The Upper Internals provide the guide tubes for the In-Core Instrumentation and control rods and are
scaled [ |" for length. The flow volume is scaled | It
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The downcomer is scaled to a height ratio of [ |* A flow area scaling ratio of | 1* was found to
be required to prevent flooding in the downcomer. Therefore, the theoretical scale ratio of [ 1* was
modified for the component. The downcomer length to gap ratio is 1:1. Table 3.3 summarizes the
resulting downcomer scaling ratios and dimensions.

3.4.3 Reactor Internals Design/Description
3.43.1 Core Barrel

The Core Barrel is composed of two sections of 20-inch Sch. 30, Type 304 stainless steel pipe
[ J°, flanged together at the center. The top section is [ )¥
and the bottom section is | |“long. The Top Barrel Plate is a ring |

| 0.D., welded to the top of the core barrel. This ring is sealed to the inside diameter of
the Reactor Vessel by two radial O-rings installed on outside diameters, thus permitting vertical
expansion while limiting leakage. This plate includes ten 1/4-inch tapped holes which may be blocked
with screws 1o adjust the leakage flow for the downcomer volume to the upper plenum. To obtain the
desired | |° bypass flow, it was found during coid testing that all of these holes were needed.
The loss coefficients (K) measured for one tapped hole are | 1** (upward flow) and [ i
(downward flow).

The bottom of the lower core barrel is welded to the lower core support plate. The lower core support
plate, which is | J* thick, is drilled with | J** and

[ |* diameter holes for the heater rods. This plate is supported from the reactor vessel on
four pads, 90° apart, on Belleville washers retained by a plunger that passes through the lower core
support plate and the support pads.

3.4.3.2 Reflectors

The Reflectors are simulated by cast ceramic inside a cylindrical shell that fits inside the barrel. A
stainless steel liner is welded to the shell to provide the stepped cruciform flow volume for the
simulated core. The reflectors are fabricated in two sections, separated horizontally at the simulated
core mid-plane to facilitaie assembly. The reflector sections are secured by four ti¢ rods that pass
through the two reflector sections and connect the upper reflector plate with the lower core support
plate.
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TABLE 3.3-3
UPPER CORE SUPPORT PLATE
PERFORATION SCALING RATIO AND DIMENSIONS

Low Pressure Integral

Ideal System Test
Scaling Ideal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>