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ABSTRACT

A new boiling water reactor safety test facility (FIST, Full Integral
Simulation Test) is descriped. It will be used to investigate'sma11 breaks
and operational transients and to tie results from such tests to earlier
1ar§e-break test results determined in the TLTA. The new facility's full
height and prototypical components constitute a major scaling improvement
over earlier test facilities. A heated feedwater system, permitting
steady—state operation, and a large increase in the number of measurements
are other significant improvements. The program background is outlined and
program objectives aefined. The design basis is presented together with a
detailea, complete description of tne facility and measurements to be

made. An extensive component scaling analysis and prediction of
performance are presented. The report is intended to serve as a reference
document for those neeoing'detai1ed information about the facility.
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SUMMARY

The FIST program was initiated to provide BWR safety cata from a full
height facility and thus eliminate those scaling compromises that caused
some performance atypicalities in earlier BWR test facilities. Of
pfincipal interest are small-break LOCAs and non-LOCA incidents involving
loss of inventory and multiple failures. In particular, such experimehta]
data is sought in order to compare it to predictions of existing code
models and tnus determine the validity and usefulness of the models and

correctness of the assumptions on which the models are based.

FIST is an outdoor, insulated, carbon steel facility. The
simulated-reactor (test) vessel is the centerpiece and is mounted in a
substantial structural steel framework. The 64-ft-high test vessel has a
volume of 180 gal, which represents very closely the BWR to FIST scale
factor of 624 to 1. It is desigﬁed under ASME Section 8 rules for a
pressure of 1325 psia at 600°F. A stress analysis has been performed
indicating the vessel can satisfactorily withstand more than the design
basis 200 blowdown/quench plus 100 startup/shutdown cycles. v

The vessel consists of a side arm in addition.to the -main vessel. The side
arm provides an external downcomer in which two full-height jet pumps are
housed, and from which flow is taken to two recirculation loop pumps and
returnea as drive flow for the jet pumps. The jet pumps are the units from
TLTA, modified to be full height and to have scaled tailpipe diameter. The
TLTA units were used because of their known characteristics and capability
to provide FIST-scaled core flow. The lower plenum houses a simulated
guide tube.

The bundle ana bypass regions are composed of several prototypical BWR
components, including the fuel suppoft and side entry orifice, the lower
tieplate base, and a BWR/6 zircaloy channel housing the rod bundle.

Leakage paths in the BWR from guide tube, lower plenum, and bundle into the
pypass are all simulated in FIST.- The bundle consists of 62 heater rods
and 2 water rods. The heater rod diameters and pitch are the same as the
BWR. . The axial power profile-is a 150-in.-long chopped cosine, using
skin-heated rods. The scaled core power is 4.64 MH. The channel is
“electrically isolated from the pressure vessel wall. »

S-1
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.

ECCS nozzles connect into the upper plenum (HPCS, LPCS) and the top of the
bypass (LPCI). The side arm connects to the main vessel at the top of the
upper plenum, just below the feedwater connection. A standpipe, separator,
~and dryer are all provided and extend upward from the upper plenum. The
BWR dryer skirt and pressure vessel wall form an annulus too thin to be
"scaled down without impeding liquid level movement. Thus, in FIST, a
76-degree, thicker annular segmental arc is provided instead and all the
important BWR liquid levels and associated trips are therefore properly

scaled.

The principal external fluid systems in FIST consist of a new steam line
and heated feedwater system, the old (TLTA) cold feedwater and ECC systems,
and the recirculation loops and blowdown piping. The recirculation pumps
were used on TLTA but were refurbished before installation for FIST. The
new heated feedwater system includes a 500-gal (net useful) tank with
heaters and a pump and coptro]s. ‘

The main process controls on the test vessel ‘are the pressure, controlled
by the main steam line valve, the level (hot feed valve) and downcomer
liquid temperature (cold feed véTVe). There are some automatic process
controls on the feedwater heater, but most others are manually operqted.
The initiation of the experiment parameter controls is by a programmable
logic controller/sequencer. - It fiitiates the blowdown, start of core power
decrease, start of ECC flow, etc.

There are 426 experimental meaéuréments planned for the first test, of
which 30% are differential pressure, 26% are heater rod temperatures, 19%
are fluid temperatures and 10% are conductivity pfobes. There are

8 calibrated flow measuring instruments within the test vessel and 14 flow
orifices in incoming and outgoing lines. A minicomputer-based data
acquisition system is used to store test data directly on magnetic tape.
The system's output is used to establish whether, or not, test acceptance
criteria are satisfied, and to provide a data tape for further data
processing on the INEL computer where record data for each test is finally

stored.

Excessive heat release to contained fluid is a generic problem in scaled
test facilities due to overscaled metal mass. Interior insulation,
sometimes used, is not used in FIST because of large cost, unsatisfactory

S-2
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previous performance and reduced need for small-break tests. The bypass
stored heat may cause CCFL problems at the top of the bypass. The flow
area there was increased by a factor of 3, which is the basic limit without
major redesign. The FIST jet pumps are expected to have about 4 psi extra
pressure drop due mainly to (long) tailpipe and exit losses. Increased

drive flow is thus required. The flow area around the top of the jet pumps

was also increased to avoid CCFL problems. Various other separate-effects
studies were performed and results incorporated into the design. The
integral system response study is in progress and will be reported when
aone. The volume versus height for the BWR and FIST are compared for each
of the several regions and are in excellent agreement. Total FIST fluid
volume is 24.14 cu ft compared to 24.01 for the scaled BWR.
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1. INTRODUCTION

1.1 BACKGROUND

In the design and operation of power reactors, it is imperative that fuel cladding
temperatures remain below certain specified values. This inherent limitation must
be observed under both normal operating conditions and hypothesized abnormal
situations. The ability to predict reactor performance, and hence the operating
margin, under postulated conditions largely rests upon the experimental data
gathered uhder.simu]ated reactor conditions,

The BWR Full Integral Simulation Test (FIST) Program(]) is a joint undertaking

of the U.S. Nuclear Regulatory Commission (NRC), the Electric Power Research
Institute (EPRI) and General Electric Company (GE), planned to advance the'safety
technology of the BWR. Under the earlier cooperative programs BWR Blowdown Heat
Transfer (BDHT) and BWR/Emergency Core Coo]ing (BD/ECC) by the tﬁkee parties, the
scenarios of loss-of-coolant accidents (LOCAs) were investigated. Tne
nypothetica] LOCA events in these studies were mainly focused on the large-break
type of accidents, using the Two-Loop Test Apparatus (TLTA) that was originally
built under the former BOHT program. The small-break type of LOCA experiments
were limited to two in TLTA. ‘

The FIST proygram was initiated, after previous phases of the BD/ECC program, in
response to i) a desire to eliminate the scaling compromises that caused some
performance atypicalities in TLTA results, i) a growing interest in small-break
LOCAs in the aftermath of the Three Mile Island Unit 2 accident, and iii) concerns
over non-LOCA postulated events involving loss of inventory and multiple systems
fai]urés.' The FIST facility design aims at these requireménts. The program test
plan, detailed in Reference 2 , includes 21 tests covering.éma]]- and large-break
LOCAs as well as non-LOCA transients.

1.2 PRUGRAM OBJECTIVES, PURPOSES, AND METHODS
The FIST program objectives, abstracted from Reference 1, are stated below:

1. Implement the major (contract) modification to build the FIST
facility (which shall be) capable of simulating a spectrum of
BWR system loss-of-inventory and selected operational
transients.

2. Obtain and evaluate basic data from the test system
configuration, which has characteristic§ similar to a BWR with
8 x. 8 fuel bundles, during hypothetical loss-of-inventory and
selected system transients.

1-1
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3. Provide phenomenological understanding and data to assess
available best-estimate (reactor safety computer code) models
for BWKR system and fuel bundles.

4, Perform model development work, as described herein, to assist
in the development of best-estimate methods (for) BWR TRAC for
operational transients.

Two principal reasons these objectives are sought are:

1. To compare obtained data with the predictions of existing code
models to determine the validity and usefulness of the models,
and correctness of the assumptions contained in the models, and

2. To learn how (the heavi]y instrumented) prototypical BWR
components respond under, and/or affect, presumably typical
reactor safety and operational transient conditions.”

The methods used to obtain these objectives are the ones normally employed:

1. Provide additional measurements in the key areas of interest
to the computer model developer and the reactor hardware
designer, and

2. Invest additional effort in providing improved measurement
techniques, in order to provide the data accuracy needed to
successfully assess the correctness of the model assumptions.

1.3 REPORT ORGANIZATION AND CONTENTS

The report consists of this introduction, two major sections and five appendices.
Section 2 is a detailed and thorough description of the test facility and

Section 3 is a similar investigation and reporting of the scaling analysis and
prediction of facility performance. The append1ces contain the
more-easily-tabulated type of information describing the facility, including
drawing and photographic lists, measurement lists, engineering data, installed
equipment identification and characteristics, and a software list.

The report is 1ntended as a reference document for those who need detailed
information about the facility, why it was des1gned as it was, and what the impact
of that design may be on its performance»as a scaled BWR test facility. This
report, like any other, is.only a snapsnot taken at a given.instant, so at any
other time it would be prudent to verify specific details with facility personnel.

1-2
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2. TEST FACILITY DESCRIPTION

This section of the report includes a description of the FIST test facility, the
design bases of its major component parts, and information on the manner in which
it is expected to be operated. The section has three parts: descriptions of the
fluid systems, the process and experimental parameter control systems, and the

experimental measurements.

This is an outdoor test facility, constructed principally of carbon steel piping
components that are heavily insulated and otherwise protected from the elements.
The test vessel is the centerpiece of the facility and extends approximately 54 ft
above ground level and 10 ft below. A substantial systém of structural columns
and beams, sfee] floor gratings, and stairways provide access and support to the
test vessel as well as the feedwater heater, flash drum, and all of the
interconnecting piping (see Figure 2-1). The recirculation loop pumps are mounted
in the pit, below the test vessel, but the remainder of the -equipment is mounted
at grade level. (Appenpix C lists equipment elevations.) The facility operating
controls and data acquisition system are located in a building adjacent to the
test facility tower. Electrical power switchgear is located in a separate
.adjacent builaing. However, the power supply for the heater rod bundle is several
hundred feet away at the Atlas loop, power being conducted from the one facility
to the other via large, underground power cables.

2.1 FLUID SYSTEMS

The FIST fluid systems consist of the simulated reactor (test) vesée] and its two
recirculation loops, and the other systems that either supply fluid to, or take
fluid from, it. These include the hot and cold feedwater, emergency core cooling,
and the effluents: steamline, safety relief valve and automatic depressurization
system (SKV and ADS), and the simulated-break (blowdown) systems. Normal test
facility support systems, e.g., instrument air, etc., are not particularly
described here.

As noted in Section 1.1, the FIST program is a part of the continuing BWR safety
research program. In terms of‘bhysical plant, this means that significaht
portions of the FIST test facility consist of equipment used previously in the
Two-Loop Test Apparatus (TLTA), and in fact the FIST facility is located at the
TLTA test site. Thus while the ‘test vessel, hot feedwater and steam systems, and
recirculation loop piping are new, the emergency core cooling, cold feedwater and
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blowdown systems, and the recirculation pumps were previously used on TLTA. In
general, components with 6-series equipment numbers (Appendix D) were:purchased
specifically for the FIST Facility. Although references to the TLTA Facility

Description Report3

and the ECC System Report4 are made, the description of
the previous TLTA equipment given in the present section is intended to be

complete here.

The fluid systems are conservatively designed and where code guidance exists or
could be applied, the design satisfies ASME Boiler and Pressure Vessel Code
Section 1 or 8 or the Code for Pressure Piping, ANSI B 31.1. Some aspects of the
design of the individual fluid systems are indeed related to the BWR/6 design
and/or performance, but generally tﬁe,main simulation and scaling is concerned
with the component parts of the test vessel. '

2.1.1 Test Vessel

The test vessel is shown schematically in Figure 2-2. As implied in the FIST
acronym, the vessel height is (nominally) the same as the BWR/6 vessel;a and it
contains all of the same-function components supplied in the full-scale version.
But rather than having an annular downcomer as in the full-size case, the FIST
vessel incorporates a side-arm, or external, downcomer that houses two jet pumps
and a portion of the lower plenum. It is to this side arm that the recirculation
loops are connected.

Taken as a whole, the test vessel is a 64-ft-tall, 180-gal pressure vessel
designed for 1311 psig at 600°F. It contains 62 electrical heaters having a total
input power of 6.5 MW at 150 volts. Its two safety valves can relieve'§ total of
38,050 1b/hr at 1311 psig (90% capacity, 3% overpressure). Its main connections
incluge feedwater and steam lines, suction and drive ]iges for each of the two
recirculation loops, and vessel warmup and drain connections at the bottom, and
vent and feedwater tank vapor space connections at the top.

A thermal and stress analysis of the vessel was undertaken and resulted5 in
verification of the conformance of the design to Section 8 of the ASME Boiler and
Pressure Vessel Code. The fatigue evaluation verified that the vessel design was
more than adequate to meet the design basis. A part of the vessel significant in

a. FIST and BWR/6 vessel heights are discussed in detail in
Sections 3.2.1.1 and 3.2.5.1.
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this respect is the expansion bellows spool piece connecting the top of the side
arm to the main vessel. The hinged bellows arrangement accommodates the
differential contraction between side arm and main vessel when ECC is injected in
one but not the other.

The vessel is supported at the flange at elevatfon 185, and so grows upward and
downward from this point. The recirculating pumps are tied down to baseplatés
mounted in the pit, at the suction line elevations indicated in Figure 2-2. Thus
feedwater, steam line, and dfive line nozzles move upward and warmup/return line
nozzles move downward as the facility is brought up to initial-condition
temperatures. These displacements are handled by flexibility designed into the
corresponding piping runs. A stress analysis of the piping system, and
particularly connections to the test vessel was also undertaken, and confirmed6
that B31.1 code requirements were satisfied and that the design also meets the

design basis.
The major requirements of the FIST vessel design bases are:

1. Vessel height to be same as BWR/6 vessel

2. Vessel total fluid volume to be 1/624th of the BWR/6 vessel
: volume

3. Distribution of scaled fluid volume over the various vessel
components to be correct relative to the BWR (see Appendix C
component volumes for the remarkably successful design results
of this requirement)

4. The vessel pressure boundary design comply with Section 8
requirements, including paragraph UW-2(c) for steam generators

5. The vessel design be adequate to withstand the fatigue of
200 blowdown/quench cycles plus an additional 1000 normal
heatup-cooldown cycles. '

An enumeration of the initial (fiuid) condition flow path completes the general
description of the test vessel. The flow path is as follows, referring again to
Figure 2-2.

Feedwater enters at the connection indicated in the figure and flows downward in
the annular space outside the standpipe (Section D-D), mixing with the liquid
returning frbm the separator. The combined flow travels down the main portion of
the vessel to the point where the top of the side arm connects to it. The flow
proceeds tnrough the expansion bellows spool piece and down the external downcomer

2-5
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to the inlet of the jet pumps. Drive line flow from the recirculation loop pumps
inauces additional flow down the jet pumps, which discharge into the lower
plenum. (Suction flow for the recirculation pumps is taken from the area outside
. the jet pump tail pipés but inside the downcomer pipe near its bottom as shown in
Section J;J.) Two flow paths exist from the side arm back to the main vessel part
of the lower plenum: the lower crossover and the middle crossover pipes. Fluid
going through either path must still flow upward in the eccentric annular region
outside the guide tube (Section G-G) on its way to the bundle inlet. Here the
main portion of the flow goes through the side-entry orifice and up through the
flow subchannels in the 8 x 8-matrix of (full-length) bundle heater rods. A
full-size BWR/6 zircaloy flow channel is used in FIST. Similar to the BWR, it
houses the rods and defines tne flow boundary. Core bypass flow is controlled by
small bleed orifices near the main side-entry orifice. The bypassed liquid flows
up outside the square channel but inside the circular pressure boundary

(Section F-F). A two-phase mixture flows from the top of the bundle, upward
through the upper plenum and inside the standpipe to the liquid/vapor separator.
High void fraction fluid from the separator continues up to the steam dryer. (The
dryer provides only pressure drop and overflow elevation simulation, no real
darying action being intended, aithough some may occur as the result of flow
direction and flow area changes.) The steam flows out into the steam dome and
down the manifold (éection B-B), and from there to, and out, the steam line.

Large- and small-preak LOCA experiments are initiated (from this initial condition

flow path) by opening valves in blowdown system lines connected to recirculation
loop No. 2.

As shown Figure 2-2, the vessel is segmented, i.e., it consists of a series of
pipe spool. pieces. of varying lengths and diameters. Each spool houses certain
internal components already mentioned, each of which has a relatively well-defined
function. These spools and components will be described in detail in the sections
that follow. Drawing Number 181F145-152 (see Appendix A for facility drawings)
details the indiviaual pipe spool pieces, one spool per sheet.

Drawing 181F145-150 serves as a vessel assembly and index for these.

2.1.1.1 Downcomer. The downcomer (denoted DC), unlike other scaled parts of the
FIST test vessel, extends over severél spool pieces. Figure 2-3 shows the
downcoming fluid regions in FIST and the reference BWR. The steam manifold and
aryer skirt régions included in the figure are discussed in Section 2.1.1.6

and 2.1.1.7 below, so the description in this section starts at the bottom of the

wr
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dryer skirt, elevation 5053. The downcomer, then, extends from there to the
bottom bf the jet pumps. The spool piecé part numbers concerned with the
downcomer are shown in Figure 2-4 and they and the corresponding pressure boundary
and related drawing numbers are listed here for ease of reference and to define
more exactly the parts involved. Also, relevant facility photographs listed by
supject in Appendix A, are noted, e.g., P-36.

Figure 2-4- Pressure Boundary Flow Boundary or
Part No. Name Drawing No. Related Drawing No.
8 ~ Separator Housing 181F145-152 Sheet 8 181f145-165, -181 Shl
9 Expansion Bellows 181F145-155 No interior components
Spool
7 45° Downcomer 181F145-152 Sh7 No interior components
Spool
5 Short Spool 181F145-152 Sh5 No interior components
13 Driveline Connection 181F145-152 Sh12 181F145-169, -161; P-36
Housing '
3 Jet Pump Downcomer 181F145-152 Sh3 . 181F145-168, -169; P-71
Housing

‘In the separator housing spool, the downcomer iiquia fills the annular ring
outside the standpipe and inside the spool. The feedwater nozzle connects to the
region at elevation 483 and the standpipe Annubar instrument washer

(elevation 450) is mounted between the flanged ends of the separator housing and
the upper plenum. The enlarged end of the standpipe, {see Figure 2-5) forms a
seal within the top of the upper plenum, separating the downcoming liquid from the
upflowing two-phase mixture.

The expansion bellows spool piece, Figure 2-6, consists of a central length of
pipe with short bellow sections on each end. Weld-neck flanges are connected
beyond each bellows and the assembly is mounted within an outer shell that

provides maximum movement limits. Like the expansion spool, the 45° ell downcomer -

a. Test vessel elevations are given in inches above the reference BWR's
zero-elevation point. This is accomplished by use of a match point on the test
vessel and the reference BWR. The match point on the test vessel is the
centerline of the lower plenum bottom (or lower) crossover pipe. The match point
is the height of ‘a cylinder with volume equal to that of the BWR hemispherical
bottom head. That point is 31.83 in. above the BWR's zero-elevation point. Thus
the FIST lower crossover centerline is established as elevation 31.81 in.

2-8
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Figure 2-5 Bottom of Separator Pressure Housing with Standpipe Installed
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)

spool and the short spool mounted below it have no interior components although
there are typical intrusive instruments, e.g., downcomer Annubar, conductivity
probe, etc. A reference flow measuring orifice, mounted in the flanged joint

between these two spools during shakedown testing, is removed for normal matrix

tests.

Figures 2-7, 2-8, and 2-9 show the downcomer housing, the tops of the two jet
pumps, and the method of connecting the drive flow lines to the jet pump inlet
nozzle assemblies.- The Tast figuré also shows that jet pump No. 1 is mounted in
the north half and No. 2 in the south half of the downcomer housing. As mentioned
earlier, the total flow coming down to the tops of the jet pumps divides, part
being induced to flow down the jet pumps by the drive flow, and the remainder
flowing down the downcomer, outside the tailpipes, to the recirculation loops to
become subsequent drive flow (or, during the course of a LOCA test, to exit the
system through the blowdown lines). The recirculation loop nozzles are located at
elevation 166 on the jet pump downcomer housing, while the jet pump Annubar
instrument washer is mounted between the flanged ends of the hodsing and the lower
plenum. The jet pump tailpipe and downcomer extension piece, Figure 2-10, fits
down inside.the top of the lower plenum pipe, extending down to the top of the
middle crossover flow area. The extension piece forms the bottom of the
downcomer, separating it from the lower plenum. ‘

The principal elements of the downcomer design basis are listed below.

1.  The FIST downcomer should be of the same height as the
reference BWR (bottom of dryer skirt to bottom of jet pumps)
and should have 1/624 of its fluid volume.

2. The FIST downcomer total volume in the jet pump region must be
sufficient to house two full-length FIST jet pumps.

3. - The FIST downcomer must provide for recirculation loop suction
and jet pump drive flow connections.

4. Given that an external downcomer is to be used and thus that
ECC will be injected in the main vessel but not the downcomer
(or vice versa), the downcomer design must accommodate the
differential thermal expansion between them.

A

2.1.1.2 Jet Pumps. The FIST jet pumps (JP) can be described in terms of three
performance areas: nozzle and inlet mixer, diffuser, and tailpipe, shown
respectively in Figures 2-9, 2-11 and 2-12. Drawings covering the jet pumps
include: 181F145-161, 181F145-168, 181F145-169, 181F145-194 and 181F145-196

Sh 1,2. Figure 2-13 and Table 2-1 show dimensions for the FIST, TLTA, and scaled
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Figure 2-8 Top of Jet Pump Assembly
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Figure 2-10 Jet Pump Annubar Instrument Washer and Tailpipe/Downcomer
Extension Piece .
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Figure 2-12 Jet Pumps and Downcomer Housing
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TABLE 2-1. JET PUMP CHARACTERISTICS

BWR/6-218

Figure 2-13 FIST , TLTA
Dimension Design Design 3-D Scaled -

Nozzle Diameter A 0.45" 0.45" 0.32"

Throat Diameter B 0.914 0.914" 0.76" (1/7.9)
Length C 11.41" 11.41" 6.92" (1/7.9)
L/D 12.48 12.48 9.1

Diffuser Length D ' 9.13" 13.78 9.39& (1/7.9)

Tailpipe Diameter £ 1.685" 2.125" 1.717" (1/7.9)
Léngth F 154.90" 16.68" 5.90" (1/7.0)
L/D 90.22 - 7.85 3.44

Min Reverse Flow '

Area (throat area)  0.656 in.®  0.656 in°  0.453 in.?
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BWR/6 (hypothetical) jet pumps. The nozzle and throat dimensions of the FIST and
TLTA pumps are the same because the TLTA units are being used in FIST to take
advantage of their known characteristics and performance. The FIST diffusers were
also made from the TLTA diffusers by cutting off approximately 4.65 in. of the
downstream end, so that the new outlet ID is close to the the scaled BWR/6 1D of
1.717 in. New {smaller ID) tailpipes were then welded to the modified diffusers.
The tailpipes were made Tong enough (155 in.) so that the overall FIST jet pump
length is the same as the BWR/6 jet pumps. At both the nozzle-inlet mixers and
tailpipe outlets, a separating vane or baffle (Figure 2-9, 2-10) is used to reduce"
the possibility of atypica1 interaction between the jet pumps. Satisfactory
performance of the jet pumps in FIST is to be verified in scheduled checkout
testing, but the capability of the pumps to provide adequate (scaled) core flow is
anticipated on the basis of their performance in TLTA. The pumps are highly
instrumented with Annubars, conductivity probes, and fluid temperature in addition
. to many differential pressure measurements. The design bases for the FIST pumps,
then, are:

1. The heighf of the FIST jet pump equals the full BWR/6 jet pump
height.
2. The jet pumps are capable of providing scalea core flow.

3. The BWR reverse flow characteristics during a blowdown are
simulated.

4. The interaction between the jet pumps is representative of the
BWR jet pump interaction.

It is to be noted that the FIST minimum reverse flow area, the throat area, is
larger than the scaled BWR/6 value as a result of the use of the TLTA units. To
ensure ‘that the third requirement above is met, the drive line blowdown orifice is
sized accordingly smaller. ’ '

2;].1.3 Lower Plenum and Guide Tube. The FIST lower plenum is a U-shaped

pressure vessel with a crossover connection that ties the two legs together near
their tops. Applicable drawings are 181F145-152 Sheets 1,2; also see Figure 2-2.
The guide tube is mounted in the main vessel leg (an 8-in. XXH pipe that is thus
larger in diameter than its companion. The larger pipe~is designated LPB because
it confines the upflowing Tower'p]enUm fluid before its entry into the bundle.

The smaller-diameter leg (a 5-in. Schedule 80 pipe) is designated LPJ and contains
most of the downflowing liquid coming from the jet pumps. Flow in the crossover’
connection at elevation 130 is from the main vessel leg to mix with the jet pump
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)
effluent. The lower plenum is located below grade level in the facility pit and,
as shown in Figure 2-14, has piping connections at its bottom crossover for
draining the test vessel and also for return of feedwater during system warmup.

The guide tube is a length of 5-in.-0D, thin-wall, stainless-steel tubing noted

earlier as being mounted eccentrically in the main vessel leg. It extends from

elevation 43 in. near the bottom of the leg to a few inches above the top of the

plenum flange at elevation 187. MWater in the interior of the guide tube is

essentially stagnant although a lower plenum to guide tube leakage path exists at

the lowest thermocouple connection in the side of the guide tube. The guide tube

is basically open, at its top, to the bundle bypass inlet area, although the flow ~
cross section changes from that of the circular guide tube to the (roughly) .
semicircu]ér bypass inlet area. The change in cross section occurs at the guide

tube adapter plate welded to the top of the tube. A plate-bolted to the top side

of the adapter restricts the flow further. It simulates the BWR velocity

limiter. Drawings detailing the guide tube are: 181F45-178, -189, -191, -19¢2,

-193. The upper guide tube or bundle bypass inlet area is described in
“Section 2.1.1.4.

Measurements of flow (Annubar), pressure, fluid and metal temperature, and liquid
level (conductivity probe and differential pressure) are made in both the downflow
and upflow legs and in the miadle crossover pipe. Liquid level and fluid
temperatures are also measured in the interior of the guide tube. Measurements
are listed in Appendix B and discussed in Section 2.3.

Design bases for the lower plenum and the guide tube include:

1. Full BWR he1ght and scaled volume are required for lower plenum

2. Gu1de tube fluid volume shou]d be scaled fractlon of lower
plenum . : .

3. Provide drain and warmup _ return connectlons L, «

4, No 1nter10r 1nsulat1on IS to be prov1ded

2.1.1.4 Bundle and Bypass.' Tne e]ectrically powgréd bundle of 62 heater‘rods is,
of course, the most important part of the test vessel and facility. The bundle
‘and bypass are described in four parts: inlet, channel assembly and bypass,
heater rods, and outlet. As a whole, the bundle and bypass occupy the main vessel
leg from approximately elevation 190 to elevation 380. The spool piece pressure
boundary is a specially machined 13-ft-length of 8-in. Schedule 80 pipe fittgd
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with 900 1b flanges on each end and with four 3/4-in. inlet nozzles

(elevation 351) for LPCI flow. MWashers and short spools make up the remaining
length of pressure boundary above and below the main spool flanges.  The list of
applicable drawings for the assembly is given below.

Drawing No. S Subject
181F145 - 152 Pressure Boundary
Sheets 4,10,11,13
181F145 - 158 Shell and Filler Plates
181F145 - 162 through 164 Core Inlet, Outlet
. 131F145 - 170 Bail/Shell Assembly
181F145 - 174 through 177 Thermocouple, Buss Bar, Ceramic Button,
' Bail : .
181F145 - 179, -180 Bundle Assembly, Fillers
181F145 - 182 through 190 Heater Rod, Tie Plates, Inlet Piece Parts
181F145 - 198 Channel Expansion
181F145 - 200, -201 Lower Tie Plate Casting

181F145 - 212 through 216 Thermocouple, Voltage Taps, and Seals

INLET :

The bundle and bypass inlet is that section of-the assembly from the top of the
guide tube to and including the lTower tieplate and is shown in Figure 2-15. The
main flow comes up outside the guide tube but inside fhe short spool pressure
boundary and makes a 90-degree turn, passing through the side entry orifice. The
flow immediately makes another 90-degree turn heading again vertically upward past
tne FIST Annubar, through the fuel suppoft to the three-finger guide at the bottom
of tne tieplate base casting. This FIST "fuel support" is a quarter section of an
. actual BWR/6 fuel support. It is welded to the simulated core support plate and
the slightly curved front face of the "upper guide tube." Section B-8 of '
Figure 2-16 shows a cross section of the fuel support piece and the upper guide
tube front face and semicircular back face at the center of the side entry
orifice, elevation 195. The flow going to the core goes through the hole in the
front face, then through tne sma]]ef-side entfy orifice hb]e and then expands out
into the trapezoidal shape of the fuel support at that elevation. The bypass flow
moves upward in the space inside the semicircular back face but outside tine fuel
support. As shown in Figure 2-15, tﬁaf bypésszflow;COmes-from two sources: the
lower plenum to bypass leakage hole in the front face at'glevation 192, and
whatever minimal f]ow’may be coming up through the guide tube adapter plate.
Figure 2-17 shows the assembly welded to the top of the guide tube. The front
face with its nhole in front of the side entry orifice hole, the core'support plate
ana fuel support upper end are apparent. The smailer hole below the main flow
hole is threaded for installation of the leakage orifice plug. Figure 2-18 shows
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-~

an end view of the fuel-support piece, which at that elevation is circular. The

open area to the right is the bypass flow area.
_ )

Returning to Figure 2-15, it can be seen thét the lower tieplate base rests down
in the fuel support but no seal exists between them, because there are leakage
holes machined into the base, permitting additional controlled flow into the
bypass area. The tieplate base also accommodates the passage of the heater rod
thermocouples from the ends of the heater rods, out through the bypass fluid and
the pressure boundary washer. A cooled-thermocouple, low-flow velocimeter probe,
hot shown in Figure 2-15, is mounted through the washer and base just below the
heater-rod-thermocouple penetrations. It is intended to extend the measurable
core inlet flow range down into the natural circulation flow rates.

The lower tieplate, Figure 2-19, serves as the heater rod mechanical support,
electrical. connector between the rods and the buss bars connected to the power
cables, and the bottom to the flow channel. ‘Figure 2-20 shows the 1.5-in.-thick,
12-in.-diameter Nickel 200 plate with its 12 silver-plated, 1-in.-square copper
buss bars installed. It inéorporates the flow passages for both the subchanne]l
flows between the rods, and the four kidney-shaped flow passages for the bypass
flow. Thus, the BWR zircaloy square flow channel walls are located between the
rod and bypass flow area ports in the plate, and tne core flow inside the channel
is thus separated from the bypass flow outside the channel, but within the

circular pressure boundary.

As shown in Figure 2-15, the tieplate base is bolted to the tieplate which is iﬁ '
turn bolted to the bottom flange of the bundle pressure boundary spool piece. The
tieplate and thus also the spool piece are electrically grouhded at this point.
The channel is isolated electrically from the tieplate and floats at some .
intermediate voltage between the 150 V (maximum) at the top of the heater rods and
the 0 voltage at the lower tiéplate. This is accomplished by isolating the lower
part of the channel expansion box from the tieplate with a Rulon gasket. The cap
screws locating this lower part on the tie b]ate are isolated from it with sleeves
and washers of an asbestos-phenolic material. '

" CHANNEL ASSEMBLY AND BYPASS , _

Figure 2-21 shows the bqnd]é pressure-boundary spool piece and a cross sectional
view of the assembly. The assembly consists of the carbon steel spool piece wall
to which two interior strips are attached, one on the north side, the other on the
east. These strips provide two services: they provide surfaces conforming to the
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channel geometry to help center the zircaloy channel box within the spool piece,
and they reduce the bypass fluid flow area to the scaled area, hence volume, in
the full-height bundle. The resulting asymmetry in bypass flow area distribution
faithfully reflects the BWR condition that is caused by the control rod blades.
The channel is electrically isolated from the pressure boundary and centered by
the five ceramic standoffs, two each on the north and east faces and the fifth
point at the southwest corner of the channel. Seven sets of these standoffs are
located along the height of the channel, one set at each grid spacer. Within the
channel, as the figure shows, are the grid spacer and typical heater and water

rods.

Figure‘2-22 shows the fuel bundle assémb]y. Apart from the forces that may be
transmitted between the rods and the channel via the grid spacers, the weight of
the rods is supported by the lower tie plate while the enclosing channel is
suspended from above by a flange that rests in a recess in the spool piece top
flange. The stainless steel channel flange is bolted to zircaloy support bars
welded to the channel, but is electrically isolated from the channel similar to
the construction at the lower tieplate. Because of the different support points,
the rods and the channel grow in opbosite'directions during the warmup. The
channel expansion is accommodated by the two piece channel expansion box, the
upper part of which is attached to the channel, and the lower part to the lower
tieplate.

As shohn in the figure, seven grid spacers are located at 20.15-in. intervals
along the length of the bundle. The spacers are pinned'to the channel walls at
two points on each of the four sides, with small setscrews. On two sides, these
setscrews are used to also support the ceramic standoff sleeves which center the
channel as noted earlier. In the interior of the channel, another ceramic button
is used with the screw to'electrically isolate the grid spacer from the channel
wall. It is this clearance that is critical in the new FIST channel/bundle
design. Figure 2-23 shows a grid spacer with these ceramic buttons installed.
Figure 2-24 contrasts the old TLTA design and the new FIST>design which is
identical to the BWR/6 arrangement. In the TLTA design, a ceramic liner prevented
electrical contact between rods and the stainlessesteel-channel} Thus, when the
rods reached high témperatures that could distort them and'perhaﬁé cause them to
move enough to contact the channel wall, no consequent Tow electrical resistance
path to ground>was formed. In the BWR design, of course, the question of
electfical contact is not material, but is of concern in the FIST case.
Preliminary testinglbf the design was successful and variouS measuring techniques

2-33



7e-¢

2 ) MAKy FROM QLYY PR §
OF Dwle B190L440

e

hOTES

UVHAA OTWERWML WBICATED AL | AGRE TaP
DMENGIOUS OF MY R STARY FROM . Y

WHS ML 30004190

. LOOBALY Ol TuRRMOCoUME  PY 43
SACURL WrTE TRBY  JUARS BRLDS NOT ALALDWED

STRRY TRBAOCTUILE Y

PORITIVE COMTACT W uao\ TG HOT DAMaGA

ATARY & SLACHY
BWO* APRRY

‘o0 ‘:‘vl‘”
%

1t (Y
T.

rorae OAY “

448 avo

44 ¢ A9 INTO PY & g0 T

v ‘_.-..-1—~¢nuv:.q-l !
i3 Ty i
: 237 baea

e tola 5 v o o 2 2o

'-—'—' © SOUM, WALED @ 20.4 BRTWEEN ¢

XD 90 TR

OM - Lt m1VE TARRANCE

M) .19 20 ONC -2
[RITEN Y
" (Sarerr wael

LU I 1 %0 STY .
..nvv -an) 13) 78-20UNC 26
! ® TG STR

.49 -

Mo v .IBiD. LRI

e,
AWk, 1t Aasre

1Ner

- VR o/ e
Tunt O InRNNEL W wRLOme

WRIEAL AN Y TR IVE

Figure 2-22,

M

1 PLACES BUA APACLR(PTE) ',

1 SRR BDA, 38N STP saacaouay

"o ne

N, g e

Bundle Assembly

o "

P tavum v i}
(aav 200.79) - 20 seazw-anacas

grae PRty (G e y)

AYRP 1 DAL 388 { 40 MOLES KT LOSATION tDICATADL
T- MLETTIL RABAD SUREACE 10 .08 s Srad SW @ UGLES
TRp VoM S SR 6 M0 R A BT Ry Tomed § -

PN TH 5100 0L M TP O laedg 36 Mua et 0 A 4 has Mt
Lt LILL B o R T L N T Y ooy

-
BEP PROCEDURE (K 2 OWAY)
PL- DU JBS MmO . Led woil:

e - 'Ln’v\n BAILD BURIALE YO . 90§ AAMUMT 18T 6 eLEY AuD
4 $ amous:D 200 oL
BTUPLIA 80 800 Ramea UL O B0 Met? bl et LAt s
$BMALL BNTHT008 ol Lotk WIne BvaRLAS | 6§ el 22e

X

b1

¥ WOLLS AND 988 AROUND
r o LOLFF OO RLidw DumsALS,

v6022-dY39



GEAP-22054

Figure 2-23 FIST Grid Spacer
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have been incorporated to continuously monitor channel voltages and related
parameters. Core power is tripped when conservative channel voltage levels, etc.,
are exceeded in order to ensure safety of personnel and equipment:

Differential-pressure, liquid-level measurements are made in both the bypass and
within the channel. Fluid temperatures in the bypass and wa]]ytemperatures on the
channel and pressure boundary are also made. Densitometers may be installed to
measure average fluid density at a given elevation between a row of rods and a
conductivity probe is located in the bypass above the LPCI inlet nozzle. ,

HEATER RODS

The FIST .heater rods -are of the skin-heated type, i.e., the heating element is the
wall of the heater rod tube. The axially-local volumetric heat generation rate of
the conducting tube is dependent on the (local) tube wall cross-sectional area.
Thus, by varyihg the wall thickness along the tube length, a.specific axial power
shape, such as the cosine shown in Figure 2-25, is obtained. To build a heater

" having that power shape, two jdentical 75-in. lengths of tapered-wall-thickness

- tubing are butt welded at the;thinwall ends. Figure 2-26 shows the nom{nal wall
thickness profile of such a length of tubing. The same shape profile but
aifferent total power generation in the rod is obtained by adding or subtracting a
constant amount to the wall thickness all along the length. Thus the Model 76
77, and 78 rods shown in the figure generate total powers which are in the ratio
1.04, 1.01 and 0.97 to the aVerdge bundle power for the same applied voltage.
Figure 2-27 shows the first FIST bundle heater rod-pattern. It incorporates

8 Model 76, 30 Model 77 and 24 Model 78 rods and 2 water rods. The pattern
simulates the radial and azimuthal power profiles expected in a BWR.

Figure 2-28 shows the FIST heater rod. It is 162.8 in. long, has an 0D of
0.483x0.002 in., is constructed of Inconel-600 tubing and has a threaded fitting
on each end for ‘securing it between the upper and lower tie plates. The upper end
of the rod incorporates a two-piece, sliding-fit pin and solid rod extension piece
to accommodate thermal expansion. The extension is made of silver-plated,
zirconium-copper No. 150 alloy, i.e., a low-resistance alloy generating little
heat. The interior of the 150-in. heated length is filled with a high-temperature
ceramic cement in which are embedded.up to six Inconel-sheathed, chromel-alumel
thermocouples used to measure heater rod temperature. The measuring junctions are
in gooa thermal contact with, but electrically isolated from, the tube interior
surface. The first foot of the sheath is swaged to 0.020-in. diameter but the
remainger is 0.040 in. The axial distances of the measuring junctions above the
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bottom of the heated length are listed for each rod in Appendix D, Table D-5.
Heater Rods. The junctions are aligned one above another so that one scribe mark
at the end of the rod shows the azimuthal location of all the thermocouples in
that rod. The rotational positioning of the rods (thus thermocouples) in the
bundle is also shown in Figure 2-27. In general, the rods are positioned so the -

thermocouples are on the core interior side.

OUTLET |

An elevation view of the bunale/bypass outlet section is shown in Figure 2-29. It
consists of the channel flange, the upper tie plate, and the bail. As noted
-earlier, the channel flange, which is shown in Figure 2-22, supports the channel
and rests in a recessed groove in the top flange of the bundle pressure boundary.
It is electrically isolated from the upper tie plate by a Rulon gasket (as is the
pressure boundary washer mounted above the plate). The uppef tie plate, like its
companion, is an intricately machined, 1.50-in.-thick Nickel 200 plate, which
locates the heater rods and the twelve buss bars and power cables. It is 10.5 in.
in diameter. The bail consists of three parts: a flange covering the upper tie
plate insulating gasket, a short length of channel which continues the flow
bouncary above the tie plate, and the bundle handle (an inverted U-shaped piece
attached to the section of channel). Eight 1-inch-diameter holes are provided for
pypass flow in flange, gaskets, tie plate, and bail flange. The bail is bolted to
the bottom of the preSSufe boundary washer.

Tne major design requirements for the bundle and bypass are given below.

1. The heater rods are to be of the same length, diameter, and
rod pitch as in the BWR

~

2. The rods are to proviage a cosine axial heat flux'shapg with an
approximate 1.4 peak to average ratio and are to provide
scaled core power to the coolant

3. BWR components are to be used to the maximum practical extent,
e.g., the channel wall, grid spacers, fuel support and its
side entry orifice, and the lower tie plate base casting

4. Provide scaled bypass flow area and adjustable-resistance
leakage paths from bundle to bypass and guide tube to bypass.

2.1.1.5 Upper Plenum, Standpipe, Separator. The upper plenum, standpipe, and

séparator cover the region from the top of the core to the top of the separator,
an approximate 19-ft. length from elevation 371 to 595. The region is important
for its steam-water separation function and because the normal and various alarm
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and trip liquid levels occur in this area. Some applicable design drawings are

listed below. Facility photographs of this equipment are listed in Appendix A.

Drawing No. ' Subject
181F145-152 Sh 6,8,15 Pressure Boundary
181F145-165 Assembly
181F145-181 Standpipe and Separator
181F145-202 Dryer Skirt, Drain

The upper plenum pressure boundary spool piece is shown in Figure 2-6 (along with
the expanéion bellows spocl). It is a 4-ft. length of 8-in. Schedule 100 pipe
fitted with a 900-1b flange at the bottom and an 8-in. x 8-in. x 4-in. Schedule 80
reducing outlet tee and similar flange at the top. A 45-degree elbow and 4-in.
flange are welded to the tee branch (elevation 435) for connection to the
expansion beilows spool (at the top of the external downcomer). Overall height is
approximately 6 ft. Two 3/4-in. nozzles for HPCS inlet flow are located on the
east and west sides at elevation 395. Similar arrangements are provided for the
LPCS inlet flow at elevation 384. A 2-in.-high seal pad of weld overlay metal is
opuilt up at the pipe-to-tee joint, elevation 429, to provide an ID of

7.38240.002 in. The 3.5-in.-long enlarged bottom end of the standpipe,

(0D = 7.370#0.002 in.) extends down into the seal pad and provides the downcomer
to upper plenum separation. Figure 2-5 shows this standpipe end protruding from
the separator pressure boundary spool piece. This is the distance it extends down
into the upper plenum spool.

The separator housing spool is an approximately 14-ft (overall) length of 10-in.
Schedu]e'JZO pipe with a 10-in., 900-1b f]angé at its top and a 10-in. x 8-in.
Schedule 80 concentric reducer and an 8-in., 900-1b flange .at its bottom. Like
the upper plenum spool, the pipe wall thicknesses'are chosen to provide the best
approximation of the required (scaled) flow cross sectional area. The 3-in.
feedwater nozzle is the only major connectioé and is located on the north side of
the spool at elevation 483.

Four components are }ocated‘within the separator spool: the standpipe, separator,
dryer skirt, and dryer drain line. The separator is mounted above the standpipe
and the two, with the standpipe Annubar instrument washer, form a single weldment

shown in Figure 2-30. The simulated dryef skirt and dryer drain line are attachedA

to a 1/2-in.-thick plate supported about its periphery by a recess in the
separator housing top flange, Figure 2-31.
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-~ The sténdpipe/separator aésembly is located within the separator housing by the
Annubar instrument washer, which mounts between housing and upper pienum spool
piece flanges. The instrument washer/standpipe connection is shown in
Figure 2-32. The short radial tube connecting washer and pipe houses the Annubar
probe. The standpipe'is a 7—1/2-ft.1ength of 0.188-1in. wa]], 4-in.-0D tubing.

The separator came from the TLTA test vessel and was modified for use in FIST.
The steam-water mixture entering the separator attains 5 swirling motion due to
bassage through the fixed-vane inlet. The liquid, centrifugally forced outward,
diverts from the steam and falls back while the vapor continues upward. The
elevation of the first separator spillover is important because it determines the
maximum static head of Tiquid obtainable within the shrdud. In order to locate
the spillover and swirier at the BWR-scaled elevations, the TLTA unit was
disassembled and a new éection of separator in;erted between them. Also, an
additional section was added at the top of the Q]d separator in order to have the
FIST unit be the full BWR separator height.

A concern regarding scaling of the separator was whether the TLTA unit, which had
been scaled from a reference BWR/4 design, could be used in FIST. The matter was
resolved when comparisons of BWR/4 and BWR/6 units showed that the exit area of
the latter swirlers is only 2% smaller than the former, and that their length is
only 5% greater than the BWR/4 unit's length.

Located in the annulus outside the separator but within the pressure boundary
spool, are the simulated dryer skirt and dryer drain line, shown in Figure 2-31.
In the BWR, the annular region between the dryer skirt wall and the preésure
vessel wall is only 6.4 in. wide. Scaled down, that annulus could be expected to
exhibit boundary 1ayer_effects’which would alter water level movement. For this
reason, the annular configuratioh was revised. An annular segment of greater
thickness but only 76°F wiage is used rather than the very thin 360-degree
annulus. ‘The total cross sectional flow area in the 76—degree annular segment
corresponds to the scaled BWR flow area. It is within this segment that the
1iquid level measurements that activate various alarms, trips, etc., are made, and
as shown in Figure 2-33, the level there is higher than in the remaining
284-degree annulus outside the separator, due to the dryer pressure drop.

The annular segment dryer skirt is 1.28 in. thick, and approximately 5 in. (arc

length) wide by 10 ft. long and is located on the west side of the separator
housing, under the steam line connection (above it, in the steam dome). The dryer
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Figure 2-32 Standpipe and Instrument Washer
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drain line is a 9-ft, 4-in. length of 1.25-in.-0D x 0.125-in.-wall,
stainless-steel tubing that is located on the northiside of the separator

housing. Liquid from the dryer drains down this line to a point under the normal
separator water level. The plate to which the skirt and-drain line are connected
incorporates a central rectangular hole for the dryer inlet. Orifices are
incorporated into the plate for.both this dryer inlet flow and the connection
between the dryer skirt and steam.manifold to simulate corresponding resistances
in the BWR. A Rulon gasket is used between this plate and the bottom of the dryer
to keep the streams separate. '

2.1.1.6 Steam Dryer, Manifold and Dome. The main objectives for simulating the

steam dryer in the FIST facility are to:

T. Achieve the appropriate pressure drop
2. Simulate the reference BWR flow paths

3. Maintain the correct BWR area variations versus elevation.

The BWR dryers are basically used to ensure that the steam is dry enough to be
sent to the turbine. In FIST, no turbines are simulated therefore, the drying
function is not a necessary simulation for the facility.

- Tne FIST dryer is shown in Figure 2-34. The steam leaving the separators enters
the dryers through a square opening and then passes through two orifices

(Region 1), Steam then exits the dryer through three perforated plates (one
taﬁered and two vertical) and enters the region outside the dryers (Region 2). In
order to flow out of the vessel, the steam must flow upward (above the top of the
dfyer) into the steam dome and enfer the steam line enclosure (Region 3) flowing
downward until it exits the vessel via the steamline.

The aescription of the scaling criteria used for each region follows:
Region 1

A. Entrance ana Orifices--The flow area of the entrance and
the two orifice plates is sized so that the pressure drop
of the entire dryer assembly corresponds to the reference
BWR pressure drop.

B. Perforated Plates--The flow area of these plates is
scaled from the flow area of the outlet panel in the BWR
dryers. Thus, the exit velocity from the FIST dryers
should be equivalent to the BWR dryer exit velocity.
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C. Top of the dryer--The top plate of the dryer, being
consistent with the BWR configuration, contains no steam
flow path.

Region 2 - The volume in this region plus the volume in Region 1
' account for the scaled BWR volume contained inside the
dryer shroud. The flow area of the dryer drain pipe is
scaled from the flow area of the drain channels in the
reference BWR dryers.

Region 3 - The volume in this region corresponds to the scaled BWR
volume outside the dryer shroud. It also reflects the
vertical tapering that exists in the BWR dryer shroud,
thereby maintaining the height versus area variations of’
the reference BWR.

2.1.2 Recirculation Loops

The two loops and the.rest of the fluid systems are shown in Figure 2-35. Each
.1oop independently provides the drive flow for its jet pump, taking suction from
near the bottom of the downcomer and returning the flow to the- jet pump nozzle.
tach loop consists of a standard, fixed-speed centrifugal pump with added
flywheel, remotely controlled loop isolation and flow control valves, the suction
and drive line piping runs, an orifice flow metering station and other process and
éxperimenta] instrumentation. The loop piping is Schedule 80 and consists of
1-1/2-in., 2-in., and 3-in. sizes as shown in the figure. Both loops have
warmup-return -line connections to provide flow paths back to the feedwater heater
for startup. -Loop No. 2 is the one in which the LOCA break is simulated and to
which the blowdown piping is connected. It has additional flow measuring
instrumentation to monitor the break flow.

Orawings 179F145-600 through -608 show the piping arrangement and pump
installations. The pumps are mounted below ground level in the facility pit at
16 ft 9 in. (No. 1 pump) and 6 ft 9 in. (No. 2) below grade.

Figure 2-36 is a view from grade level looking down at loop No. 2 pump modnted_on
the pit grating‘atbthe -7-ft elevation. (In the foreground are the main vessel
(Teft) and side arm (right) lower plenum pipes.) The pumps, used in TLTA, were
refurbished before reinstallation and were fitted with flywheels to provide an
approximateTy correct coastdown time. (The BWR/6 pump coastdown time constants
range from 5-8 s.) The head-flow curves for the pumps are given in Figure 2-37
and all additional details on them are given in Appendix D. Instrumentation at
the pumps includes pump head, speed, motor power, and outlet temperature. The
flow rate is measured downstream of the pumps, (and of the warmup-return line
connections) and is both recorded on the experimental measurement system and
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Figure 2-36 Recirculation Loop No. 2 Pump Installation
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indicated for the loop operafor The loop flows are controlled by a loop operator
who uses pressure regu]ators supplying proportional signals to the air-operated
control valves, V1 and V8. The control valves and the two loop isolation valves,
V614 and V664, are provided with solenoid-operated pilot valves in the air-signal
lines to permit rapid, remotely controlied isolation of the two loops from the
test vessel. The four valves are located at distances along the piping from the
test vessel specified such that contained fluid volume between vessel and valves
corresponds to the scaled lToop volume. This was done so that in large-break
tests, when pump coastdown is over, the valves can be closed if desired, and the
volume of flashing fluid between vessel and valves will be éorrectly scaled.
Uetailé on all the FIST control valves are given in Appendix D. Manual and relief

valves are also covered there.

Large- and small-break LOCA experiment break nozzles and orifices are mounted in,
or in blowdown piping connected to, loop No. 2. The large break suction nozzle is
located in the downcomer-to-loop outlet connection (R0-663 in Figure 2-35). Thus
initial condition flow is through this nozzle, through the drag disk/turbine meter
break flow spool piece and then loop isolation valve V614 to the pumb. The
small-break connection is located in the same area: between the spool piece and
the loop/blowdown line-206 tee. Further description of the blowdown system is
contained in Section 2.1.5. ‘

Quring startup, the loop pumps will be used to circulate water back to the
feedwater heater through manual valve V624 at loop No. 2 and control valve V61l

for loop No. 1.
The major design requirements for the loops are listed below:

1. Provide the necessary initial condition drive flow to the Jet
pumps so that the scaled BWR core flow is obtained

2. Provide the necessary coastdown drive flow to the jet pumps so
that the jet pump flow coastdown characteristics are also
s1mu1ated

3. Prov1de connectlons for b]owdown p1p1ng and for warmup -return
piping for startup

4. Provide the capab111ty of 1solat1ng excess loop flu1d from the
test vesse]

[
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2.1.3 Feedwater and Steam

The feedwater and steam equipment is shown in Figure 2-35. It consists of two
tanks, three pumps and a substantial set of control valves, piping and process and
experimental measurement and control 1nstrumentation. The equipment can be
grouped in terms of hot feedwater,‘cold feedwater and steam (1ine), the first and
tast of these being first purchased for FIST while the cold feedwater equipment
was used previously in the TLTA test program. The 1ist of applicable drawings
'includes ones from electrical, instrumentation, mechanical, piping, etc., all
listed in Appendix A. Likewise, details of the equipment can be found in

Appendix D and of the.instrumentation in Appendix B and Section 2.2.1.1.

Figure 2-38 shows the feedwater heater to be located northwest of the test vessel
in the structural support framework. The heater is supported by a cylindrical
skirt bolted to the deck plate eight feet above ground level. The skirt encloses

’ (and obscures view of) the bottom dished head of the heater pressure vessel. The
vessel is designed for 1450 psig at 650°F under Section 1 of the Boiler and
Pressure Vessel Code. The 900-gal vessel is almost 20 ft tall and incorporates 24
12.0-kW, 480-Vac cartridge heaters extending vertically upward into the vessel
through the bottom head. Feedwater 1eave$ the heater via a 3-in. outlet nozzle on
the north side of the lower quarter of the straight length. It returns to the
vessel through a bypass line from the feed pump discharge via a low flow meter
(switch) and enters through the vessel's steam space spray nozzle.

The standard centrifugal hot feedwater pump is mounted at grade level and located
directly beneath the feedwater heater. Figure 2-39 is the head-flow curve for
that pump.

Several process inputs control heater power or feed pump power as described in
Section-2.2.71.1. Hot feedwater flow to the test vessel is controlled by valve
V609 operating off test vessel Tevel.

The cold feedwater equipment provides flow through control valve V610 operating
from the downcomer liquid temperature at the inlet to the expansion bellows spool
piece. The cold feedwater equipment consists of the 500-gal demineralized water
tank and two positive displacement pumps, P33 and P34. The pumps both take
suction from the tank and their discharge piping is likewise interconnected so

" that either (or both) pump can supply flow to any of the three locations shown in
Figure 2-35: cold feedwater, feed to the hot feedwater return']ihe (106), and for

the reactor core isolation cooling (RCIC) line.. The pumps and tank are mounted at
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38 Feedwater Heater

Figure 2
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grade level, southeast of the test vessel, but west of the emergency core cooling
equipment. Dual disposable-cartridge demineralizers and filters are located in
‘the feed/RCIC supply line, along with on-off remotely operated feed valve V668 and
local flow indicators, and a local (downstream) pressure regulator. The two- and
five-piston (9 and 24 gpm) pumps are supplied with discharge pulsation dampeners.

The steam equipment consists of the 2-in. Schedule 80 steam line inciuding a 3-in.
flow measuring spool, 2-in. control valve operating to maintain steam dome
pressure and five air-operated open-closed 1-1/2-in. valves in five parallel lines
connected between the main steam line and a 6 in. exhaust header. Both the
exhaust header and main steam line discharge into the flash drum. In each of the
five parallel lines, a restriction orifice is mounted upstream of the air operated
valve and is used to provide a specific (chbked) flow. Orifice constants are

listed in Appendix C.

The six valves are used to simulate a variety of BWR steam line functions as
described below. The pipe Tine itself exits the test vessel at the correct (BWR)
elevation and simulates in scaled volume but full length the four BWR steam lines,
up to the first main steam isolation valve (MSIV).

The pressure control valve, V6U1l, can be used to simulate either the MSIV or the
turbine stop valve (TSV), once the initiating event of a transient has occurred.
(Of course, prior to that time on test day, it is used to establish initial

condition pressure.)

The five air operated open-closed valves and upstream orifices in FIST serve to
simulate the 16 BWR safety relief valves (SKV), since the 16 can be separated by
setpoint (process) pressure into five groups. The five orifices are sized to
provide the total scaled flow relieved by the BWR valves in that setpoint pressure
group. The key elements of the simulation are the discharge flow for each group
and the opening/closing pressures. These are listed in Table 2-2.

As indicated in the table, there are two modes of BWR SRV operafion, normal relief
and low/low set relief. In the former, the valves close. 100 psi be]ow the open1ng
pressure; in the latter, lower c1051ng pressures are used, the opt1on b81ng

available to the operator.

In addition to the SRV functlon, the group No 5 BNR valves are used for the
automatic depressur1zatlon system (ADS). S1m1lar]y in FIST valve V606 is used to
provide this function.
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TABLE 2-2.

BWR/6-218 SAFETY RELIEF VALVE OPERATION

.Each BWR valve has a rated capacity of 925,000 1b/hr.

Response time of SRV valve - Safety operation is 0.3 sec.

Normal Relief Low/Low Set Relief
Open/Close Pressure Pressure Setpoint
FIST Valve Number of Setpoint Number of Open/Close

Number BWR Group Valves (psig) Valves (psiq)
V602 1 1 1103/1003 1 1033/926
V603 11 1 >1073/936
V604 ITI 8 1113/1013 3 1113/946
V605 IV 4 Non Low/Low Set
V606 v 7 1123/1023 7 Non Low/Low Set
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Finally, all six FIST valves will be used in a main steam line break simulation.

2.1.4 Emergency Core Cooling

The emergency core cooling (ECC) equipment consists of three systems that appear
essentially identical on the P&ID, Figure 2-35. They are the high-pressure core
spray (HPCS), the low-pressure core spray (LPCS) and the low-pressure core
injection (LPCI). Each of the three systems consists of a pump, various piping

~ runs containing remotely operable valves, and instrumentation to monitor and
control the flow of the emergéncy coolant from a common supply tank to the test
vessel. The ensemble was first designed, installed, and used on the TLTA program
and has been taken over, in its entirety, for use on FIST. Only the final piping
runs connecting the systems to the FIST vessel are new. Tne new ‘injection
locations of each system correspond to the reference BWR injection locations.
Details of the pumps, motors, valves, and tank are contained in Appendix D and of
the process and experimental measurements in Appendix B.

A description of the set up ano calibration of the system is contained in
Reference 4. The equipment is located, as it was for TLTA, approximately thirty
feet to the southeast of the test vessel at grade level. It is, Tike the rest of
the fluid systems, an outdoor, carbon steel, insulated system. The LPCI is a
1-1/2-in. system while the other two use 3/4-in. piping. The flat bottomed,
“covered, 500-gal supply tank houses six cartridge heaters used to heat the
emergency coolant to the temperaturé (normally less than 125°F) specified for a
given test. The tank is elevated 6 ft above grade to provide adequate suction
nead to the three horizontal shaft, multistage turbine pumps. Figure 2-40 shows
the concept (and nomenclature) common to the three systems for meeting the
essential system design requirements of simulating the BWR ECC head-fliow |
characteristics at scaled flow using standard pumps normally available. Valves. in
fhe bypass, delivery, and return lines are positioned to provide the closest
approximation to the BWR-ECC head-flow curve possible. Not all three of the
“runout flow," “"shut-off head," and "design point" conditions listed in Table 2-3
can be met, so in practice, the second and third points are attained and the first
actual condition is accepted as is. Figure 2-41 shows resulting syStem
performance measured during jnitial4gystem‘instaTlation,- During a test, the

three-way injection valve is closed to the test vessel before ECC initiation, thus

providing an open path through'the return line to the supply tank. This permits
the operator to start the pumps and verify the ECC flow conditions before the time
the flow is needed. ECC injection is started by switching a solenoid-operated
pilot valve in the air signal line to the three-way valve and thus closing the
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Figure 2-40 ECC System Schematic
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TABLE 2-3. EMERGENCY CORE COOLING CONDiTIONS

System

HPCS

LPCS
LPCI

RUNQUT FLOW

SHUT-OFF HEAD

BWR-6 Scaled
~ Flow Flow
(gpm) (gpm) (psid)
6,400 10.3 1,460
6,400 10.3 271
18, 180 29.1 229

Vessel
Pressure

(psia)

1,147
200
119

24

DESIGN POINT

BWR-6 Scaled
Flow Flow
(gpm)  (gpm)
1,400 2.2
4,900 7.9
4,900 7.9

15,150 24.3
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return line path and opening the path to the test vessel. " When system pressure
falls below ECC pressure, the check valves open and admit flow to the vessel. The
process and control instrumentation occupies a separate single instrument cabinet

in the control room.

2.1.5 Blowdown

The blowdown equipment'consists of the suppression tank and the pipﬁng, control
valves and instrumentation involved in initiating a LOCA transient and conducting
the effluent from recirculation loop No. 2 to the tank where the generated vapor
is condensed. Also discussed here is the flash drum and SRV discharge header,
which perform a similar receiving (but not condensing) function for the steam

system.

The suppression tank is an open, flat-bottomed, 1300-gal tank (mounted just north
of the test vessel at grade level) containing cold water used to condense the
blowdown flow. Like the ECC system, the tank was first used on the TLTA test
program. The condensing capacity is only that of the contained water, no external
cooling system is used. The 3-in., large-break blowdown suction line, the 2-in.,
large-break blowaown drive line, and the 1-in., small-break blowdown (suction)
line all discharge into the tank under the normal initial 1liquid level. 1In the
case of all three lines, a standard valve (modified to open quickly) is used to
initiate the blowdown. Thus, the piping up to and including the valves
experiences full system pressure. A nozzle or orifice upstream of the valves
constitutes the break plane and it is here that critical flow is established. It~
is to be noted however, that in a BWR LOCA, the jet pump drive nozzle area limits
‘and controls the drive line blowdown flow if the break area is larger than the
.nozzle area. Since the FIST jet pump nozzle area is overscaled, it is necessary
to use an orifice scalea from the BWR (jet pump nozzle area) to obtain the correct
break size and flow rate (see Table 2-4). »

None of the bloi down measurements is useful over the entire range of conditions so
a variety of techniques are employed. Direct blowdown flow rate measuring
instrumentation inc]udes_a'differehtial-pressure, liquid-level measurement on the
suppression tank, measuring orifices in fhe blowdown lines (in addition the break
flow orifices or nozzle), and turbine-meter, drag-diék spool pieces in thé
recirculation loop piping. Also, differential-pressure and conductivity-probe
measurements are made acrdss the suct{on line blowdown nozzle.
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TABLE 2-4. BREAK NOZZLE SIZES
2 L o
Break Break Area, ft FIST Igig;a1]t1?z;2

Test Location BWR FIST Orifice Dia., in, > m
DBA Suction 1.878 .01E-3 0.743 £ 0.005 30
BWR/6 Drive 0.348 .6E-4 0.320 + 0.005 6
DBA, Suction 4.14 7.39E-3 1.164 + 0.005 74
BWR/4 Drive 0.348 .2E-4 0.337 + 0.005 6
‘Small Break, Suction 0.053 .5E-5 0.125 + 0.001 ]
w/HPCS
‘Small Break, Suction 0.053 .5E-5 0.125 + 0.001 1
Small Break Suction 0.053 .5E-5 0.125 + 0.001 ]
‘w/SRV
Intermediate Suction 0.2 2E-4 0.24 + 0.02 3
Break

v6022-dv39



GEAP-22054

The small-break blowdown line enters near the bottom of the suppression tank, as

its elevation above ground level is maintained constant from its connection at the’

recirculation loop suction line over to the tank. The large-break lines enter the
tank from above. The drive line blowdown piping does not exceed the elevation of
its nozzle on the downcomer but the suction line blowdown piping does rise above
its downcomer nozzle by 6 ft. While this suction blowdown piping does not exceed
the top of the jet pumps (this does not affect FIST vessel refill differently from
the BWR), the vertical section may act as an unsteady phase separator toward the
end of blowdown and cause intermittent submergence of the blowdown nozzle. A
similar problem in the small-break blowdown pipe is averted by supplying a small
air flow to the piping downstream of the blowdown valve. The flow is adjusted to
keep the suppression tank water out of the blowdown line.

J
The flash drum receives the main steam flow before blowdown initiation, the
exhaust steam flow from the SRV header, (see Figure 2-42), the condensate from a
small steam trap in paraliel with the main steam valve, and the system bleed flow
via control valve V612 during warmup opérations. Tne drum is an open-top,
closed-bottom, 24-in. pipe, 23 ft tall, located north of the test vessel. Steam
flow from the system is vented to the atmosphere via the drum. Condensate
collecting in the drum can be drained into the suppression tank directly beneath
it. Tne drum and tank are clearly visible in the center foreground of Figure 2-1.

2.2 PROCESS AND EXPERIMENTAL PARAMETER CONTROL SYSTEMS '
The controls are described here in terms of their general use in the experiment:
(a) those process controls used to attain initial conditions, recover from the
end-of-test condition, and perform routine auxiliary functions, e.g., feed and
bleed, fill, drain, perform equipment checkouts, etc.; and (b), the controls used
in theAsequencing and timing of events specified for a given experiment ana to
vary the experimental parameters that may change from test to test, e.g., core
power, break location and ihitiation, ECC use, and SRV/ADS involvement. The
former controls are described as Process Controls in Section 2.2.1, the latter as
Experimental Parameter Controls in Section 2.2.2.

2.2.1 Process Controis

The process controls consist of the instrumentation necessary to:

(a) provide operator displays--both local indicators at equipment
and remote indicators or recorders in the control room
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Figure 2-42 Pressure Control Valve and SRV Exhaust Header
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(b) control flows, pressures, levels and feedwater heater
power--either manually by operators or automatically

(c) provide automatic shutdown switching and alarm annunciation to
ensure safe operation.

In general, these instruments and controls are separate and distinct from the
experimental measurement system. The process controls are shown on the P&ID,
Figure 2-35, and details are listed in Appendix B, Table B-4 Process
Measurements. One of the process control consoles is shown in Figure)2-4é.

2.2.1.1 Test Vessel Pressure, Liquid Level and Temperature. The major automatic
control systems used in setting up initial conditions for an experiment are
involved with the test vessel fluid conditions. Three separate and independent
control loops are used. The test vessel (system) pressure is set by controller
PIC-742, which adjusts the steam line control valve, V601, to maintain the
pressure within the control band. The test vessel liquid level is set by use of
controller LIC-711, which adjusts the hot feedwater Tine control valve, V609, to
maintain’ the level. The third control loop maintains the downcomer water
temperature control point valve by adjusting the cold feedwater control valve,
V610. The controller is designated TIC-732. These control functions are
described in Table 2-5 and details of all remotely operated valves are given in
Appendix D, Table D-4.1 Remotely Operated Valves. The fluid temperature is
measured in the downcomer at the expansion joint inlet and reflects the subcooled
flows of hot and cold feedwater and the flow of saturated recirculation liquid
from the separator. Redundant process indications are provided by the Heise
gauge, PI-101, which is located in the control room, and the wide-range vessel
level, LI-701, which covers the range from elevation 155 in the downcomer to 790
in the steam dome. The hot feedwater control valve level range extends from
elevation 514 to 591 in the separated steam plenum. Corresponding experimental
measurements exist for several of the process measurements, permitting on-line
comparisons of the independent measurements to verify specific fluid conditions.
These corresponding experimental measurements are identified in the Process

Measurement Table noted above.

2.2.1.2 Feedwater. There are both hot and cold feedwater fluid systems and
controls, the hot sysfem being new for FIST, the cold system being used previously
on TLTA. :

The principal controls on the hot feedwater heater are the pressure control,
PIC-773, which controls power to the 24 12.0-kW vessel cartridge heaters via an

\
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TABLE 2-5. PROCESS CONTROL FUNCTIONS

Controller

Controlled Element

Action .

Contacts

"Name 1D '
'Feedwater Heater Pressure PIC-773
Test Vessel Pressure PIC-742
Test Vessel Level LIC-711
Downcomer Temperature TIC-732

Feedwater Return Low Flow FI15-791
Feedwater Heater Low Level LAL-725B
Feedwater Heater High Level LAH-722A
Feedwater Heater High Pressure PAH-772A
Feedwater Heater Low Level LAH-722B
Feedwater Heater Low Level (Float) LSL-760

Feedwater Heater High Pressure PS-776

Feedwater Heater High Level LAH-723A
Feedwater Heater Low Level LAL-723-B

Feedwater Heater Power
Steam Valve V601

Hot Feedwater Valve V609
Cold Feedwater Valve V610

Feedwater Heater Power
Feedwater Heater Power
Feedwater Heater Power
Feedwater Heater Power
Feed pump motor Power

Feedwater Heater Power

Feedwater Heater Power

Feed valve V668
Bieed valve V612

Reduce power on incr. press.
Open valve on incr. press.
Close valve on incr. level
Open valve on incr. temp.

Reduce power gn low flow
Reduce power on low level
Increase power on high level
Reduce power on high pressure
Shutdown pump on low Tevel
Reduce Power on low level
(redundant)

~ Reduce power on high press.

(redundant)
Close valve on high level
Close valve on low level
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SCR power controller, and the heater liquid level, DPT-720, which controls heater
and feed pump trips and feed and bleed valves as described below. The heafer
operates to provide feedwater at the saturation temperature corresponding to the
PIC-773 control point pressure. If the pressure, measured by transmitter PT-770,
exceeas the setpoint value on switch PAH-772A, the power to the heaters is turned
off. The mechanical pressure switch, PS-776, mounted .locally at the heater,
provides a redundant shutdown function. As shown in Figure 2-35, pressure is one
of the three experimental measurements (fluid temperature and liquid level are the
others) made on the feedwater heater. ' '

The heatervliquid level transmitter provides a signal for control'room indication
(LI-721) and for comparison against five‘switch setpoints: on low level, feed
pump power is disabled (LAL-722B), cartridge heater power is interrupted
‘(LAL-7258), and bleed valve V612 discharging systeh fluid to the flash drum, is
closea (LAL-723B). On high level, feed (or RCIC) valve V668 admitting cold
feeawater to the heater is closed (LAH-723A). Backup indication of heater liquid
level is provided by the sight gauge, LI-750; local liquid temperature (TI-780)
and pressure (PI-775) measurements at the heater are also provided, all as
required by the ASME Boiler and Pressure Vessel Code. A redundant mechanical
level (float) switch (LSL-760) is provided to shut off cartridge power on low
level. “An orifice is mounted in the bypass line from the feed pump discharge back
to the feédwater steam space spray nozzle. An associated flow indiéating switch
(FIS-791) disables cartridge heater power on low flow. " Hot feed pump on-off.
switch, motor current ammeter and cartridge heater switch, and power-meter are
located at the control cabinets.

As noted earlier, cold feedwater mixes with the hot at the feedwater nozzle on the
tesfﬁvessel. The cold feed flow rate is adjusted by control valve V610 to provide
the downcomer control point temperature set into controller TIC-732. The flow of
co]d feedwater comes from thé‘deminefalized water tank via pump P34. The excess
flow pfovided by the constant speed piston pump, over that permitted by the
control valve, is dumped back into the water tank by (upstream) pressure
controlled valve, V18.

2.2.1.3 Recirculation Loops and Warmup Operations The recirculation loop

centrifugal pumps provide the drive flow for the jet pumps. The centrifugal pumps
are driven by constant speed motors and coastdown has been'addressed by adding
flywheels to the motor/pump installations, so the only control involved with the
pumps is the on-off power switches. The head across each centrifugal pump is
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indicated in the control room, as is the motor current, fluid discharge
temperature, and loop flow. Pump speed and loop flow are recorded on the
experimental data system. '

The loop flows are controlled by the operator using the control valves V1 and V8
and the flow indicators, DPI-106 and DPI-109. The valves are positioned by "
adjusting the air pressure using regulators HL-715 and HL-155 mounted at the

control console.

During system warmup, the recirculation loops are operated and contribute to the
warming of the piping and test vessel. The feedwater heater is used as the main
source of heat; the core is not used. Flow from the feedwater heater is routed to
the test vessel. The flow is returned to the heater from three locations:
recirculation loop No. 2 via manual valve V624; from recirculation loop No. 1 via
control valve V611 (hand loader HL-714 at the control console); and from the
bottom of the test vessel via manual valve V623. Control valve V607 and manual
valves V633 and V635 provide a means of having a common or single vapor space for
the test vessel and feedwater heater during joint operation.

A feed and bleed system is used to clean up the system water inventory during
initial warnup and between test periods when operating at reduced pressure and
temperature. Approximately 2 gpm of demineralized water is injected into the
feedwater heater return line, through the use of valves V668, V613, and V669. The
first valve shuts off feed flow on high feedwater heater level as noted above.
Tne second listed valve is a regulator used in conjunction‘wfth the local
rotameter to set the desired flow rate, and the third one is a manual block
valve. Adjustment of the control valve V611 balances flow from the test vessel
back to the feedwater heater. Manual valve V625 and control valve V612 operate
with a restriction orifice, R0-630, in bleeding the equivalent 2 gpm of flow from
the test vessel to the flash drum. V612 closes on low feedwater heater level as

noted above.

2.2.2 Experimental Parameter Controls

Tneéeﬁéontro1s are initiated duriny a test by the programmable logic controller.
The controller consists of (a) input modules that detect operator actions and
monitbr.facility conditions (e.g., test vessel liquid level), (b) output modules
that actuate field devices (e.g., open SRVs), turn on panel lights and sound
annunéfatdrs; and (c) a sequencer that contains the ladder diagram. The diagram
is programmed into the sequencer based on the desired operating conditions and
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test specification. The program actuates output modules based on the actuation of
jnput devices. The output events can be timed (delayed relative to an input) and
sequenced as required, and all events can be initiated from a "Start Test"
pushbutton.

2.2.2.1 Core Power The core power controller (an Iveron Model 2100 A Analog
Events Programmer) is a control room module that drives the bundle current, hence
power, downward along a preprogrammed adjusted decay heat curve, e.g., as shown
later in Figure 3-5. Initiation of control is by the sequencer described above.
Tne Iveron converts the discrete input times and percentages into an analog signal
sent to the core power supply control circuits at the Atlas loop. This is an
open-loop control mode; no feedback of heater-rod temperatufe, core flow, or void
conditions are involved.

2.2.2.2. Emergency Core Cooling. The ECC control cabinet is shown in

Figure 2-44. The principal controls are for the pump motors and the three-way
valves that enable ECC flow into the test vessel. The HPCS, LPCS, and LPCI system
flows are .established before injection time with the water being recycled back to
the ECC tank. On a signal. from the. programmable controller, the three-way valves
change positions so that the ECC can flow to the test vessel. Note that flow to

the vessel does not start at valve actuation but only after the system pfessure
falls below the ECC pressure, due to the presence of check valves between the
three-way valves and the test vessel nozzles. The operator controls the ECC
temperature. Heater power and pump motor power are indicated in the éontrol room
as are pump heads, control valve positions and supply, &elivery and injection flow '
rates, delivery pressures and temperatures. Injection flows and temperatures are
also recorded on the experimental measurement system.

2.2.2.3 SRV/ADS. The operator setup panel includes the SRV/ADS controls and is
shuwn in Figure 2-45. Applicable drawings for the SRV control include 179F145-405
and-413. The reactor system relief valves are simulated by the five on-off
control valves V602 through V606 and associated restriction orifices R0-617
through R0-621. The air-operated valves are actuated by solenoid-operated pilot
valves in tne air lines that in turn receive their signals from the test vessel
pressure transmitter PT-740 via the programmable logic controller. The controller
sequences and times the openings and closings of the main valves relative to
normal and low/low relief modes as in a BWR. Valve V606 is also used for the
automatic depressurization system and for steamline breaks through the logic
controller. Selection of the “auto" mode (in either the SRV/ADS or valve control
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sections of the setup péne]) places the selected device under control of the logic
controller. "Manual" mode removes the device from the controller and also permits
opening/closing of the valves manually. Indicator lights show which valves are

open or closed.

2.3 EXPERIMENTAL MEASUREMENTS

The experimental measurements are those obtained to satﬁsfy the program
objectives. They will ultimately appear as the body of experimental data
describing the phenomena occurring in FIST and against which TRAC calculational
results can be compared in an effort to establish the validity and improve the
usefulness of that code.

In the design of the measurement system, certain objectives were established on
the basis of the program objectives and also on the basis of the measurement
experience gained in earlier programs, e.g., TLTA and SSTF. These consist of both
general and specific statements that are listed below.

e

1. Measure the bundle temperature distribution in order to
determine the times and location of the onset of boiling
transition (BT) as well as the post-BT temperature
distribution. '

2. Measure the global pressure and distribution system pressure
response ana obtain sufficient data in order to calculate, as
practically as possible, the mass inventory and energy balance
of the total system and of key components including the
bundle, bypass, lower plenum, guide tube, upper plenum,
downcomer, and separation region.

3. Measure the local fluid conditions of two-phase level (or
approximate void fraction} and temperature where practical
within the system regional volumes, e.g., lower plenum, upper
plenum, downcomer, bundle, bypass, '‘and steam dome.

4. Measure local fluid conditions of level and temperature at
particular elevations such as the core side entry orifice,
lower tie plate, upper tie plate, core plate, jet pump
tailpipe discharge, blowdown line suction nozzie inlet, and
normal downcomer -level,

5. Measure the primary flow rates crossing the system boundaries
with sufficient accuracy to enable performing a system mass
balance. These flows include blowdown flow, steam line flow,
ECCS flows, and feedwater flow.

6. Measure the flow rates within the system internals during
normal flow and high flow conditions, and where practical,
during low flow conditions. These include loop flows, jet
pump forward and reverse flows, bypass flow, bundle flow, and
separator flow.
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7. Make sufficient temperature measurements to enable evaluation
of heat loss to atmosphere from the major sections of the
vessel system. :

8. Provide measurements and calculations needed in the process of
assessing whether or not test acceptance criteria have been
met. - For example, initial conditions such as bundle flow and
inlet enthalpy, -bundle power, system pressure and vessel
liquid level are needed along with experimental parameter
measurements and initiation time, etc. '

To attain these objectives a measurement plan was developed which placed major
reliance on working with simple, dependable instruments and using the measurement
expertise developed in prior progfams to obtain the maximum amount of information
from them. Figure 2-46, the test vessel instrumentation drawing, shows the.
experimental measurements planned for the test vessel. The measurement
indentifications are given in the rectangular boxes and the dots show the
elevation ana component in which the measurément is made. Process measurements on
the vessel are .denoted by circles in the figure. Test vessel regions are noted in
the figure and crOSs sectional views are shpwn to document the asymmetry and
configuration of interior components as described earlier in Section 2.1.
Explanation of the measurement indentification code is given in Appendix B,

Tables B-1 and B-2; the experimental measurements are listed and described in
Table B-3, and tne process measurements in:Table 8-4.

Tables 2-6 and 2-7 summarize the 426 experimental measurements. The>first table
gives a percentage breakdown by parameter and also includes information on spare

channels. Table 2-7 gives a breakdown by parameter and region.

2.3.1 Transducers and Signal Condjtioning

The term, transducers, is used here in the generic sense that any device is a
transducer if it provides an output signal which is reproducibly related to a
measurable parameter such as pressure, temperature, etc. Tne transduéers involved
here can be grouped according to whether they are considered to have a
class-common relation between the parameter and the output signal (e.g.,
thermocouples) or require individual constants in the engineering units conversion
relation, such as differential pressure transducers. The signal conditioning
equipment consists of those modules needed to provide power to the transducer
and/or condition the transducer output signal in a way necessary for presentation
to the data acquisition system. |
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SP - STANDPIPE
SRV - SRV SYSTEM
SSP - SEPARATED STEAM PLENUM
SUP - SUPPRESSION PQOL
SWIRL - SWIRLER
UP - UPPER PLENUM

1. FEEDWATER NOZZLE, JET PUMPS AND SEPARATING
BAFFLES ARE SHOWN ROTATED 90° IN ELEVATION
VIEW. FOR CORRECT ORIENTATION, SEE SECTIONS.

Test Vessel Instrumentation

Figure 2-46.
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TABLE 2-6. FIST EXPERIMENTAL MEASUREMENT SUMMARY

Parameter

Pressure

Differential Pressure
Miscellaneous
Conductivity

Material Temperature
Fluid Temperature
Heater Rod Temperature
Blank Spare

Not Available -32

Summary of ADC Channels

Number
of

Measurements

Channel
% of Total Number
1.9 0-1
29.9 12-143
7.5 144-175
10.1 192-239
4.9 256-277
19.3 278-367
26.3 368-479
- 176-191;480-495
- 240- 55; 496-511
100%
Measurements - 426
Space - 54
Unavailable - .32
5312

Spare

Channel

w
NODO—-WOOo &~

(82
=Y
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TABLE 2-7. MEASUREMENT DISTRIBUTION BY PARAMETER AND REGION

. Region
Iest_Vessel

DRY
SM

Between
Regions

External

'Tota]

[ I R TN B )

-]

N N~ DO WD S

a. Nozzles and orifices

b. Fourteen of these are valve stem position indicators

64
18
82

32

AN N0 DP CP _TW _TC Other Total
] 1 412 3 - - 44
2 4 8 2 - - 22
3 ] 0 10 5 - - 45

- - 3 1 - - - 8
1 1 1 1 - - - 8

- - 9 1 6 112 8 139
1 5 3 3 - - 22

- - 4 3 2 - - 14
1 2 1 - - - 5

- 1 1 - 1 - - 4
- - 4 1 - - - 6
- - 4 6 - - - 12
- - 1 - - - - 1
- - 1 - 1 - - 5
- - 1 4 - - - 5
- 16 5 - - - - 21
8 25 73 45 21 M2 8 361

- 17 3 - - - 24b 65
76 45 21 M2 426
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2.3.1.1 Flow. All of the flow measurements in the FIST fécility involve the use
of differential pressure transaucers except for two turbine flow meters and two
cooled-thermocouple, low-flow velocimeters. Tnere are three types of devices in
FIST used to determine the flow rate of a single-phase fluid (by measuring the
differential pressure developed across it): Annubars, measuring orifice plates at
flanged connections in pipelines, and nozzles or interior orifices within the test
vessel. There are 8 Annubars, 14 external-orifice plates in incoming and outgoing
lines, ¢4 nozzles and orifices interior to the test vessel and 3 blowdown/break
piane nozzles and orifices. The 14 external-orifice plates are expected to
exberience oniy single-phase conditions. The Annubars and interior nozzles and
orifices will normally be subject to a time during a test after which
two-phase-fluid conditions will exist, but single-phase conditions are expected
prior to that time. Once the two-phase condition appears, the flow rate
calculated from the measured pressure, temperature, and differential pressure is,
in general, not correct and so caufion must be exercised in the interpretation of
such flow measurements. This is also true of the turbine flow meters and the
cooled-thermocouple, low-flow velocimeters.

An Annubar drawing is shown in Figure 2-47. It is an intrusive probe that samples
the upstream velocity profile at four selected locations, averages the dynamic
pressures there, aiso samples the downsteam pressure, and provides the two
(pressures) to a differential pressure transducer. As with the other devices, the
square root of the product of this differential pressure and the upstream fluid
density is basically proportional to the mass flow rate. As noted in the figure,
two of the eight stainless steel units are installed in special noncircular flow
cross sections. These units require in situ calibration to determine their flow
coefficients. The Annubars may be used to also determine flow in the reverse
direction although such use also requires an.additional calibration and probably
still does not produce so accurate nor reproducible a measurement as in the
 manufacturer's intended flow direction. The two jet pump tailpipe Aﬁnubars, AN6
and AN7, were checked in a ballistic calibrator at the INEL.

The orifice plates (usually 1/8-in. thick) are mounted between flanges and
centered on the pipe flow area. The flanges are provided with pressure tap
connections to which are attached the sense line tubinyg runs, which end at the
differential pressure transducer. The orifice plates are of the sharp-edge type
ahd, where possible, are installed in a manner conforming to ASME fluid metering
recommendations concerning upstream and downstream straight pipe runs. Orifice
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plate and Annubar dimensions, serial numbers, etc. are listed in Appendix D
Table D-8.1, Sensors Having Individual Calibrations.

The nozzles and orifices interior to the test vessel are not basically installed
as flow measuring instruments, but rather are installed to control or restrict the
flow. However, by incorporating differential pressure measurements across them'
and performing an in situ calibration, the flow coefficients for most devices can
be determined and used subsequently to calculate flow rates during that part of a
test when the fluid state is known. '

The two full-flow turbine flow meters are part of two break flow instrumented
spool pieces (one 2 in., one 3 in. IPS) purchased from Measurements, Incorporated
and were used previously on TLTA. They were refurbished and calibrated at room
temperature in the INEL ballistic calibrator before being reinstalled for use in
FIST. The cooled-thermocouple, low-flow probes are installed in the lower plenum
and bundle inlet areas to provide flow rate data during small-break and
natural-circulation-flow conditions. They are intrusive probes that use a
constant flow of room temperature instrument cooling water and operate on the
‘relation of the heat-transfer coefficient, between the process fluid and the
cooling water, to the velocity of the process fluid.- The measurement was
developed at the INEL and the two units used.in FIST were built there.

2.3.1.2 Pressure and Differential Pressure. FIST system pressures are measured
by Rosemount Model 1151GP pressure transducers. Differential pressure
measurements are made primarily by Rosemount Model 1151DP and (several) Statham

Model PDH Series 3000 current output transducers. The few voltage-output
transducers used are Statham Model PM 385TC, BLH Model HHD, or Straindyne

Model DPT2.0-1000. Figure 2-48 shows a set of éransducers awaiting calibration.
The units are processed at the site on a Fluke automated-calibration machine. The
initial range over which each transducer was calibrated is given in Appendix B,
Table B-3. If the ranges are found too large or small during facility checkout
testing, the units are recalipbrated over a more appropriate range. The main body
of transducers are of the 4-20 ma or 10-50 ma output types. The voltage drop
across a precision resistor subjected to the 4-20 ma current is presented to the
data acquisition system. A typical resistor value is 400 ohms, so that with zero
differential pressure across the transducer, the measured voltage drop
("instrument zero") is 1.6 V, while at full-scale pressure difference, the
measured voltage drop is 8.0 V. Standard transducer ranges are 30-, 150-, and
750-1in. HZO and 100, 300, and 1000 psid. The Statham current output units have
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Figure 2-48 ODifferential Pressure Transducers Awaiting Calibration
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ranges of 100-, 200-, 400-, and 750fin. H20 and 100, 1000 psid. The absolute
pressure transducers have a 1500-psi range. Transducers installed or calibrated
and ready for use are ljsted by range and output in Appendix D, Table D-6.1.
Figure 2-49 shows the standard installation of a FIST différentia]'pre55ure
transducer. Demineralized water is connected at the transducer to purge air from
“the sense lines into the facility. Note particularly that the normal manual
equalizing valve is replaced by a remotely operable three-way valve that permits
an operator to equalize the pressure across the transducer at any time, and
thereby measure the aforementioned "instrument zero" value at any time. Thus for
a normal-test, instrument zero values can be readily determined and subtracted
from measured outputs at the beginning and end of the test. This capability is
particularly important when the differential pressure to be measured is a small
fraction of the transducer range and good accuracy and repeatability are
necessary. Signa] conditioning equipment (Appeﬁdix D, Table D-6.2) for the
voltage output transducers consists of Newport Model 80A excitation and balance
units and Model 60A or 70A amplifiers with 2K available gain and 10-Vdc filtered
_outputs. '

2.3.1.3 Temperature, Conductivity, and Others. Fluid temperatures are measured

with Type J (Iron-Constantan) thermocouples whi]e heater rod thermocouples are
Type K (Chromel-Alumel). Wall temperatures also are Type J. Tne fluid
thermocouples are grounded-tip, l/é-in.-OD, stainless-steel-sheathed, standard
comnercial units with Type J connectors. Extension wiring carries the signal back
to 150°F reference junctions which are located in the control room. The mV
outputs from the reference junctions are presented to the.data acquisition

system. Signal conditioning is the same for Type K thermocouples and reference
Jjunctions.

Figure 2-50 shows the type of cohductivity probe used in FIST. Signal
conditioning circuitry is shown in Dwg. 181F145-171. The probes are used
principally to detect falling (or rising) liquid levels, identified by near-step
changes in the conditioned output voltage. Intermediate voltage outputs are
approximately proportional to two-phase void fraction. Use of the conductivity
probes for void-fraction calculation and comparison to that determined from nodal
differential pressures is included in:Reference 7, Appendix C. The probes provide
information at specific point locations, supplementing the differential pressure
measurements that give average values over the vessel DP tap height. The system
design is similar to that used in TLTA and involves ‘the same type GE-designed
probe suitable for BWR operating conditions.

2-87



GEAP-22054

Vessel isolation
instrument valves

Air-operated,
three-way-equalizing
valve
N

Differential

pressure

transducer

_*_ —
Purge water header r

INEL 4 3879 ./

Figure 2-49 Differential-Pressure Transducer Installation
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Uther types of measurements include Schaevitz LVDTs for va]ve-stem—bosition
indicators, Weston tachometers for pump speed, Ramapo (strain gauge) drag disks
used to measure momentum flux in the break flow instrumented spool pieces, bundle

* voltage and current measurements, and a Yokogawa electrical power transducer.

Gamma densitometers will be installed later to measure core fluid densities.

Most of these instruments are further described in Table D-6.3, Sensors Having

Class-Common Calibrations.

Z2.3.2 Data Acquisition System

2.3.2.1 Equipment Figure 2-51 is a block diagram showing the various components
of the data acquisition system.

The front end of the system consists of two 256-channel multiplexers and
digitizers coordinated through an interface controller that is connected to one of
the two direct-memory-access ports on the minicomputer. The high (voltage) .level
multiplexer, Neff Model 410, handles the pressure trahsducers, conductivity
probes, andnmiscellaneous 10-Vdc full-scale inputs. The Neff Model 400 unit is a
low-level multiplexer that handles all of the thermocouples. The remainder of the
system is Hewlett Packard equipment except for the Versatec printer/plotter -and
its video hard copy controller and a Conrac color television monitor used to
display on-line measurements and calculations. As noted in the figure, the
minicomputer is an HP F series unit with 256K of memory. It is controlled from
either of two Model 2648A graphics terminéls supplied with dhal cartridge tape
units. The acquired data is stored directly on magnetic tape. Two Model 7970E
1600 bpi, phase-encoded, 45-ips tape drives are provided. In addition, the system
incorporates ‘a 60-megaword Model 7925M disc subsystem. The time-base generator is
used in establishing the scan rate and the 16-bit relay output card provides
control (core power trip) and alarm functions. '

Acquisition of data occurs in bursts during which the front end equipment operates
at, e.g., approximately 12,500 samples (digitizatiohs)/s. With a scan table of
512 channels to be recorded, the 512 numbers would be deposited in a bhffer in
main frame memory in 40 ms. This would be followed after a time delay of from 0
to some specified amount by another 512-channel scan or burst and another, etc.
until the 4K memory buffer is filled. At that .time, input data is routed to a
second buffer while the first buffer is dumping its data to tape and being reset.
While acquisition and storage on tape is the principal function, other functions
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are also in progress during the course of a test. Limit checking is done to
detect various undesirable conditions, e.g., ones harmful to the bundle will cause
core power to be tripped if the measu%ed variable exceeds the limit. Also, some
amount of on-line calculations and display on the video terminal can be
accomplishéd,'depending on acquisition scan rates and extent of the calculations.

The data acquisition equipment is described in detail in Table D-6.4.

2.3.2.2 Software. Appendix E lists and briefly describes 15 software modules
available for usé on the FIST data acquisition system. Some of these involve
housekeeping, e.g., TINIZ, UPZER, and CALIB. Others involve engineering checks
intended to be accomplished before a test, e.g., ICHEK and SCHEK or are involved
with the data acquisition process, e.g}, SETUP, ROP, SCAN, WRMT, and the remainder
involve data processing and display. Reference 8 is a data acquisition system
hardware and software description and user's guide to be published. It describes
in detail the needed inputs, requirements; and outputs for each module as well as
all of the other software documentation necessary to understand and operate the

computer system.

Considerable attention has been given to providing software tools on the data
acquisition system to enable enhanced capability for measurement system
verification including pretest, on-line, and postteSt checks in both direct
measurement‘engineering units and also derived quantities. Two TV video monitor
screens are used to display real-time engineering unit and derived quantity
information for.data verification and real time test monitoring. A bar chart typé
format is used to display initial conditiop data to aid in establishing specified
initial conditions for each test. The data acquisition, data verification, and’
preliminary data review task using the HP computer includes doing essentially-all
the types of calculations for derived quantities later done in greater scope on
the CUC. |

Appenagix E also lists the three main programs used to process data tapes into
plots of measured and calculated parameters on the INEL CYBER system. The use of
the acquisition ana processing ana storage computer systems jis discussed in the
next section.

2.3.3 Data Processing

Data processing work is done with two computer systems: the Hewlett-
Packard-based data acquisition system at the FIST facility, and the large Control
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Data Corporation computer at the Idaho National Engineering Laboratory at Idaho
~Falls, Idaho. Two systems were determined to be necessary because the substantial
data-processing task from a previous test and the preparations for the next test
were expected to make conflicting demands on the data acquisition system. The HP
system does 511 the data processing tasks needed for data acquisition and initial
data review for test acceptance including pretest, on-line, and initia]iposttest
data verification. Thus the role of the data acquisition system.is to acquire the
data, to be able to do any of the data processing calculations, and to produce
plots of all those measurements and derived quantities which are needed to
establish test acceptance. Typica]ly'about 300 pages of plots are produced on the
HP, copied and distributed within 49 hours after test completion.

At the other end, the data for each test ultimately were to be put on the NRC Data
Bank, i.e., tHe INEL computer, so it was considered appropriate to use that
machine to also do adata processing work. This enables performing a larger
quantity of calculations for more detailed output, reducing the output-task burden
“for the HP. Also this enables the option for reprocessing of data where necessary
(e.g., changing calibration coefficients) for final data reduction without using
the HP. Thus the role of the INEL computer is to process the raw data tape
produced by the data acquisition system and to prepare plots of all

426 measurements as well as the 200 to 300 derived quantities specified for that
test. When data review is completed, these files are to be edited and the data
transferred to and stored on the Data Bank section of the computer. Of course,
when the data files have been generated,.direct_comparison between the data and
TRAC pretest predictions (generated on the same machine) can readily be

accdmplished.

2.3.3.1 Measured and Derived Quantity Calculations. The information stored on

the magnetic tape during the course of the test must be decommutated
(gemultiplexed) and convertea from counts to voltage and from voltage to
engineering units, The_conversion from counts back to voltage must take into
account the total gain (product of fixed and programmable) used by the multiplexer
for that channel and the full scale relationship: 10240 mV is equivalent to
32,767 counts. Thus, the ith voltage presented to the multiplexer on channel j is
given by Equation (2-1)

V.. = Full Scale Voltage . Cou"tSij ' )
ij ~ FulT ScaTe Counts Total Gain on Channel j (2-1)
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The conversion from that woltage to a temperature, pressure, etc., reguires
Equation (2-2) and the coefficients (calibration constants) in it. A1l of the
FIST engineering units conversion equations are quadratic

EU=P, + PV +P.V ' (2-2)

For all temperatures, P] is 150, reflecting the 150°F reference junctions used.

2 has the same value; similarly P3 has the

same value for all rod temperatures. For all fluid and wall temperatures, P

For all heater-rod temperatures, P
2's
are alike (but different from P2's for the rods), etc. Thus the temperatures
have a class-common set of coefficients, and the conductivity probes and valve
position indicators are treated similarly. This single set of coefficients (i.e.
for, say, fluiu and wall temperatures) is listed in the transducer file (CALIB)
under transducer No. 204. The single set for rod temperatures is listed there
under transducer No. 202, conductivities under No. 200, valve-position indicators
under No. 212. For all other measurements, each transducer has its own individual
coefficients, listed under its own number in the transducer file.

Equation -(2-2) is used in a modified form for pressure and differential pressure
type measurements. The equations used are

EU = P2(MV-1Z) + P3(MV-12)% - PZ | (2-3)

and

EU = PZ - P2(MV-1Z) - P3(MV-~IZ)2 (2-4)

for flow DP type measurements and for liquid level (density) type measurements,
respectively, where '

My = transducer output in millivolts

1Z = instrument zero in millivolts

PZ = process zero in engineering units

Pz = transducer calibration coefficient (linear term)

P3 = transducer calibration coefficient (quadratic term).

Instrument zero is defined as the millivolt output of the transducer when on
bypass (same pressure applied to both sides of a differential pressure
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transducer). The process iero is the engineering unit value of the transducer
reading when the process system is zero (flow zero or level zero). Process zero
data are measured and stored for level type measurements when the vessel is cold
and empty (reading becomes the measured tap elevation spacing). Process zero data
for flow measurements are measured with the system hot at zero flow immediately
prior to initiating the actual matrix test. The instrument and process zero
corrections as used automatically provide compensation corrections for system

varijations, effectively improving the accuracy of system measurements.

The derived quantities are the parameters calculated from any of the 426
measurements. In particular, a standard group of derived quantities are
éa]cu]ateo for all tests. These are all vessel inlet and outlet flow rates, the
]iquid levels throughout the vessel, various steam table properties, and jet pump
performance parameters. General equations used for these are given in the
following sections.

2.3.3.2 Acquisition System. The programs XIBIT and FSTDR are used to process
data on the data.aCQUisition system. They, in turn, require the housekeeping

information found in the work file, the calibration coefficient information found
in the transducer file, the steam tables, and the subroutine CALCS, which contains
the algorithms used to calculate the various desired quantities.

The work file lists, by channel number, the measurement indentificat{on, specific
EU conversion equation, transducer number, fixed ana programmable gains, status
(on or off), the latest instrument zero reading, and process zero value for each
of the 426 measurements. It also lists, by derived quantity calculation number,
all of the derived quantities to be calculated. For each of these, the input
measurement channel(s) are listed as are the constants needed in that
calculation. The name of the calculated quantity, its engineering units, and the
calculation number {from CALCS) are also given for each derived quantity.

/
With the transducer number, the values of P2 and P3 (calibration coefficients) can
be retrieved from the transducer file and the EU conversion accomplished. The
steam tables are a subset of the GE version of the ASME tables, abridged to
support identified uses in FIST data processing calculations. The CALCS
subroutine lists 24 calculation types, several of which are simple calculator-type
routines, e.g., adding, multiplying, averaging; finding maxima/minima, etc. There
are also the engineering routines to calcu]ate regional liquid levels, densities,
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masses, and various flow calculations. These latter calculations are based on the
same equations as those accoﬁplished on the INEL tomputer and as such are
discussed below.

2.3.3.3 Processing and Storage System. The data stored in Data Bank will have
been processed by INEL CYBER programs FICON, FIKAL, and FIWIZ to arrive at the 426

measured values in engineering units, and the derived quantities calculated for a

given test. The data will also have been processed through an automated data
gualification (ADQ) program, the result of which, together with verification
results from review of HP data, will be the basis for a data quality tag appended
to each measurement for each test. Of the derived quantity calculations
accomplished in FIWIZ, the flow rates are the most complex and are described
first. The general flow rate equation is 7

1

26y (oh)? (2-5)

W = 0.0997 k d

w-mass flow rate, ibm/s
p-fluid density, ]Dm/ft3, obtained from steam tables for input

values of P, T -- fluid upstream pressure, psia, and temperature, °F
h-pressure drop, in. H20
d-hole diameter for orifice plates, pipe diameter for Annubars, in.
F-aimensionless factor for thermal expansion, Equation (2-6)
Y-dimenéion]ess factor for compressibility (=1 for liquid)

Equation (2-7)
K-dimensionless Reynolds-number-dependent flow coefficient,

Equations (2;9, 2-10)

F=a; *gq (7) ‘ .l (2-6).

T - upstream fluia temperature, °F
Y=1.0-(8h/Py) (2-7)

y - dimensionless specific heat ratio for steam at temperature T,
Equation (2-8)

1.333 + T{ 5.625E-5 + T(-5.387E-7 + 3.2369E-10 T)) (2-8)

-Y=
K=Ky (1.0+ ( A/RE )) for orifices (2-9)
K = Ky fg (1.0 - exp(- f1 { RE - 3000)0-16667)) Annubars (2-10)
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RE - Reynolds number = 15.279 w/du (2-11)

w,d are as defined above in l1bm/sec, and in.

y - fluid viscosity at P,T in lbm/ftesec
secause, as indicated in Equations (2-9,-10, and-11), K is.a function of fiow
rate, an iterative solution might be employed. However, the dependence is
considered so weak that the Reynolds number is simply estimated once us1ng
_Equat1on (2-12) for orifices. For Annubars, K replaces KO

. 1 .
RE = 1.523 K, d (o h ) 2/ ' (2-12)

If the critical pressure ratio is exceeded (for steam line and SRV orifices only)
the flow rate is calculated using Equation (2-13).

1
=0.3712 CWd? F(y) (Pp )2 (2-13)
-~ w, d, P, p are as defined above
CW - function of pressure ratio, Equation (2-14) ,
f(v) - function of y, the specific heat ratio, Equation (2-15)
CW = 0.845 exp ( - 0.4835 (P,/P)?2) . (2-14)
1
- n, 2
flv) = (v (2/(x +1))") (2-15)

n=(y,+1)/(y - 1)

P, - downstream pressure, also in psia

In the above equations various constants are used: d, ags 2y B, KO, A,

KD’ fo, f]. Values for these are listed in Appendix C, Table C-3, for each
orifice and Annubar. Values of fo and fy are listed for reverse flow for the
Annubars, but a reverse flow condition on an orifice plate causes a computed flow
rate of zero. Similar equafions are to be used and constants determined for the
various restricting nozzles and orifices internal to -the test vessel. Data are to
be obtained from in situ calibration checks scheduled during facility shakedown

testing. .

Equations (2-5) through (2-15) apply for single-phase conditions. The pressure
and temperature measurements used in the flow calculations are checked (measured
temperature versus saturation temperature from measured pressure)} to ensure that
the fluid condition is subcooled of superheated. If the meéasured temperature is

2-97



GEAP-22054

within a #4°F measurement uncertainty band of the saturation value, the fluid
condition is assumed to be saturation. This situation is expected for the
Annubars in thé test vessel and the steam line and SRV orifice plates. If
saturation is concluded, nearby conductivity probe information is used, if
available, to infer a saturated liquid, as opposed to vapor, condition, and tHe
appropriate density is then reqdeéted f?om the steam tables.

The differential-pressure liquid-level measurements form the basis for an

extensive but straightforward set of calculations. There are 68 DP measurements

on the test vessel that are set up to produce liquid-level in%ormation. The -
liquidAleve] calculated is, of cdurse, an accurate representation only when there

is an actual level per se, i.e., since the measured DP consists of both elevation-

and flow-induced pressure drop terms, it can be interpreted as a level during a

test only when the latter term is nil compared to the former. Under that

' condition, the level is given by Equation (2-16). |

£ = PLERO - (P2 + P3(V - ZERO)) (V - ZERO) (2-16)

Thus when the (cold water) level is below the bottom tap, ¢=0, and when it is
above the top tap, V = ZERO and ¢ = PZERO, i.e., 100% full. 1In turn, the nodal
density is given by Equation (2-17).

p = & (C1)/PZERO C(2-17)

In Equation (2-17), the quantities are as defined ébove, and C1=62.4. Tne nodal
mass is calculated using Equation (2-17) multiplied by the noaal volume. Nodal
masses are added to obtain regional ones and these are added to determine the
fluid mass in the vessel. Other calculations performed on the system include
range checks, sorting among heater rods and test times for the peak clad
temperature, and calculating a blowdown flow rate for the suction blowdown nozzle
on the basis of nozzle pressure drop and upstream flow regime determined from «
conductivity probe measurements.

This completes the description of the facility. The next section addresses

scaling and performance prediction of the facility.
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3. SCALING ANALYSIS AND PERFORMANCE PREDICTION
3.1 GENERAL

3.1.1 Background and Scaling Objectives
The BD/ECC Program was a BWR safety research program designed to improve and

advance the safety technology of the BWR as well as provide a basis for evaluating
BWR LOCA phenomena. The primary focus of the BD/ECC Program was on the
hypothetical large-break LOCA events, which used the Two Loop Test Apparatus
(TLTA) as the fundamental test vehicle. The original mission of this program was
completed in 1981.

In the aftermath of the TMI accident in 1979, there has been considerable interest
in evaluating the consequences of the more probable small-break events in a BWR
system. Hence, the BWR FIST program has evolved with the primary objectives of
evaluating BWR phenomena during small-break LOCAs and operational transients which
assume degraded systems. Concurrent with thé\new mission, the upgraded facility
has been renamed the BWR Full Integral Simulation Test (FIST) Facility. This
facility is designed to model the thermal-hydraulic response of the BWR from the
initiation of a given scenario through the entire transient.

The FIST Facility simulates the following key features:
1.  Full reactor height

2. Scaled regional volume distribution proportionate to the
reference BWR

3. A full-size electrically heated bundle
4. Key functional hydraulic components

5. Heated feedwater system which enables the facility.to achieve
steady-state operat1on

6. Prototypical BWR level instfumentation
7. ECC systems and safety relief systems including ADS.
In addition, it provides a better basis for evaluating BWR LOCA pnenomena. The

facility is also designed and will be used to evaluate the BWRs response to other
‘events such as power ana operational transients.

This facility represents a substantial ihprovement in simulation fidelity over the
TLTA. The TLTA was primarily used to investigate the system response during
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various BWR LOCAs. The results of these tests have provided an underStanding of
the BWR LLOCA phenomena. However, the TLTA was designed mainly for investigating
the blowdown phase of a LOCA and contained some scaling compromises that may have
had an.effect on the results. Some of the influential compromises were:

1.- Atypically short pressure vessel with shortened jet pumps,
upper and lower plenum, and steam dome

2. Atypically large downcomer cross-sectional area

3. Atypical bundle “channel” and thermal coupling to bypass

4,  Unheated feedwatef

~

These and other scaling compromises are eliminated by the FIST Facility design.

In order to satisfy the program objectives the following scaling cbjectives were

developed:

1. To characterize and quantify differences between FIST and the
reference BWR

2. If feasible, minimize these differences either by design
" modifications or through the operational test procedures

3. Evaluate the effects of the remaining compromises on the
system behavior. .

3.1.2 Scaling Basis
The FIST Facility is-scaled from the BWR/6, 218-in. standard plant. Figure 3-1
gives a side-by-side schematic vessel comparison. The BWR/6 reactor was chosen as

the reference because it represents the current product design and the one to be
installed in future BWR plants. The 218-in. standard plant-has also been used as
a reference BWR for the design of other experimental facilities (i.e. Single
Heated Bundle and Steam Sector Test Facility, which were used .in the BWR
Refill/Reflood Program, and the TLTA). Therefore, in order to be consistent and
facilitate agirect tieback and interpretation bfuthe FIST results with previous
experimental results it has again been chosen.

Some of the tests scheduled for the'FIST facility are designed to simulate the
BWR/4, 218-in. plant's response. These tests will be performed to broaden the
data base for this reactor design. .
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The 218~in. plant was selected for previous BWR safety experiments (e.g. TLTA)
because it has the largest ratio of recirculation line size to the contained
coolant mass. Tnis largé ratip translates into the potential for a faster

blowdown with potentially less core cooling in the system.

The scaling criterion used to scale the FIST Facility from the reference BWR is 1
to 624, corresponding to the one fuel bundle in FIST to 624 bundles in the
reference BWR. This criterion is used in determining the volume, mass, energy,
and flow rates for the system as well as in the geometrical scaling of the regions
and components.

The initial thermodynamic conditions in the test apparatus match, as accurately as
possible, those of the reference BWR during normal operation.. This allows the
real-time response of the reactor to be characterized. Figure 3-2 is a simplified
schematic flow diagram of the system.

Various studies were performed to assist in the scaling and design of the
facility. The purpose of these studies was to determine if the test facility
design js'capable of performing the tests defined in the test matrix and if the
components in the facility are capable of replicating the phenomena expected
during the tests. ’

There were two approaches taken in evaluating the facility design:
1. Separate effect studies, and

2. Integral system response studies.

The separate-effects studies were an integral part of the design of the facility
as they were used to pfovide feedback and recommendations during the design
cycle. Most of these studies were performed either on individual regions of the
system or on a single component. These studies were either used to determine if
the regional geumetric scaling was performed such that the FIST Facility would be
as representative of the BWR as possible, or if each component simulation would
produce the desired performance characteristics. The results of these studies
constitute the remainder of this section of the report.

In order to gain an understanding of FIST behavior relative to the BWR/6, a

scaling study is being performed using a best-estimate, multidimensiopa1 code
(TRAC-BD) developed specifically for BWR applications. Models are being developed
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for the BWR/6 and the FIST facilities. A common set of boundary conditions is
being applied to both models to determine the relative behavior.

The BWR/6 transient will be calculated using expected boundary~conditions for a
design-basis, 200% recirculation pump suction break, accident. The BwR/6'boundary
conditions will be normalized and applied to the FIST transient calculation. By
using the same boundafy condition it will be possible to study the vessel

responses and conditions without balance of plant influences.

Results of the study will help quantify the known scaling compromises in the FIST
Facility and may identify scaling compromises previously unknown. \
Three-dimensional behavior of the BWR/6 will be compared with the one-dimensional
FIST Facility responses. Items of interest at this time are counter-current flow
limiting (CCFL) of the bypass, upper tie-plate, and side entry orifice (SEO).
FIST, due to subscaling, has more heat slab mass per volume than the BWR/6. The
effects of the heat slab masses will be investigated and the system effects
quantified. An understanding of the facility performance before testing will be
beneficial in test planning and analysis. Thus, the resulting data base from the
FIST experiments will be enhanced.

3.1.3 Stored Heat/Heat Loss
As in most scaled facilities, the FIST facility contains an overscaled structural

mass. (The overscaling is necessary in order to obtain effective pressure
boundaries.) This overscaled metal mass retains excess heat, which will be
transferred to the fluid during the system depressurization. The excess stored
heat will have the greatest impact on the system respbnse during tests
characterized by rapid depressurizations (i.e., large-break LOCAs and tests with
ADS actuation).

Some preliminary studies have been performed to identify the potential, local
effects of the overscaled mass in both the Tower plenum and bypass regions (see
Sections 3.2.1.2, 3.2.2.2). '

The potential overscaled stored heat effects discussed above logically lead to
considering internal insulation in order to reduce the heat transfer rate.
However, after an extensive study it was decided that the FIST Facility will
contain no internal insulation. This decision was based on the following:
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1.  The use of internal insulation complicates the understanding
and analysis of the phenomena occurring in the vessel,
therefore, predictability was chosen over exact replication ef
BWR phenomena. .

2. The state-of-the-art insulation designed for use in
high-temperature and -pressure environments has a history of
- mechanical and construction problems.

3. The insulation required for FIST would be extremely costly to
fabricate and install.

The integral system response study will address the differences in system response
obtained with the overscaled mass and with an ideally scaled mass.

In slow and long transient tests, i.e., small-break LOCAs and operational
transients, the heat loss from the systém through the vessel wall and piping may
have a significant effect on the system respohse, particularly in the latter phase
of the transient when the bundle decay power is low. The system heat loss rate
may be of the same order of magnitude as the decay power.

The experience gained from TLTA testing was used in determining the major
contributors of heat loss from the test vessel. This experience has been applied
in the design of the FIST external insulation. The vessel heat loss is estimated
to be 30 ~40 kW at 1050 psi, which is much less than that in the TLTA

Facility. This heat-loss rate wil]'élso decrease proportionally as the system
pressure decreases during the transient. In addition, during the shakedown
testing, special heat-loss tests are scheduled to be performed.

3.1.4 Initial and Boundary Conditions
A majority of the tests specified in the test matrix can be characterized as

relatively slow transients in which the system responds with core averaged
parameters, i.e., core averaged power decay, core inlet flow, and others. The
major purpose of these tests is to investigate the overall system response under
the simulated events. Therefore, the initial conditions shown in Table 3-1 were
derived based on the core averaged conditions of the reference BWR/6.

The boundary conditions for each test afe highly dependent on the nature of the
test being performed. In general, these boundary conditions include the following

experiment parameters:

1. Bundle.decay power or transient power
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FIST INITIAL CONDITIONS

FIST Parameter

Initial Water Level,? ft
Bundle Power, MW

Steam Dome Pressure, psia
Lower Plenum Enthalpy, Btu/lb
Feedwater Flow, 1bm/s
Feedwater Enthalpy, Btu/l1b
Steamline Flow, 1bm/s
Steamline Flow Enthalpy, Btu/lb
Jet Pump #1 Flow, 1bm/s

Jet Pump #2 Flow, lbm/s
Bypass Flow, 1bm/s

Bundle Flow, 1bm/s

Referenced to the bottom of the BWR/6.

Initial Condition

46.
4.

1040
528

5.

398

5.

1191

18.
18.

3.
33.

5
64

54

o oo o
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'2. Recirculation pump flow coastdown characteristics

3. System preséure control with the pressure controi valve (PCV)

4, Feeanter suppiy and trip points

5. Main steam isolation valve operation

6. Safgty relief valve operation

7. ECCS (HPCS, LPCS and LPCI) operation

8. ADS_actjvation

Y. bBreak size and location

10. Turbine trip simulation.

Scaling concerns involving these parameters are discussed in the sections that

follow. The detailed simulation requirements, thus experiment parameter controls,
for each test are specifiead, reviewed, and documented before the test.

3.2 SCALING AND PERFORMANCE OF VESSEL AND EXTERNAL COMPONENTS

The vessel, components, and external systems have been separated into the
following categories in order to present the scaling results effectively:

1. Lower p]enum/bundle region

2} Guide tube/bypass region

3. Jet pump region

4. Downcomer region

5. Upper plenum, separator, dryer, and dome

6. Recirculation, steam; and ECC system

The results of the scaling studies include discussions involving the geometrical
scaling compromises, the method used to determine component simu]atiOn,'the

performance expected from the component design, and volume distribution (volume

versus height) for FIST and the scaled BWR.

FIST vessel and internal dimensions were chosen to give regfonal volumes and areas
which are closely scaled {1/624) to the reference BWR/6 while the full heights are
maintained. Stanoard pipes are used in the design of the vessel and internals,
except around the channel where a precisely machined pipe is used. Due to the
manufacturing tolerances of standard pipes the as-built volumes fn all regions,
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except the channel and bypass, may be out-of-scale by up to +5% from the

computed design values. Tne FIST volumes presented in the following sections were
evaluated using nominal pipe sizes. The BWR volumes were obtained from standard.
plant data or found directly from the reference BWR drawings.

3.2.1 Lower Plenum and Bundle

3.2.1.1 Lower Plenum Geometrical Considerations. The FIST and BWR Tower plenum

(LP)/bundle regions are illustrated in Figure 3-3. As noted eér]ier, the FIST LP
has two flanged connections between the region below the jet pumps and'the region
below the core, one located directly below the jet pump exit plane, the other at
the bottom of the FIST LP. These paths are analogous to the flow path through the
shroud support that exists in the reference BWR. Figure 3-4 shows the regional
volume distributions for FIST and the scaled BWR. The average height of the
hemispherical bottom of the BWR LP was selected as the bottom of the LP for FIST
to ensure correct volume scaling, thus making FISTs LP short by épproximately

31 in. This, however, is not expected to affect the system response because this
region rarely becomes void of liquid, even during large-break LOCA testing.
Figure 3-4 shows the connecting pipe volumes as distortions in the relatively
smooth volume distribution profile. The lower crossover (pipe) makes up for the
shortened LP by concentrating a bit more volume over its reIatiVeiy short length,
such that the fluid volume is nearly equal to the ideally scaled volume. The
middlé crossover, below the jet pump exit, corrects the remainder of the volume
distortion. This short horizontal section also allows the fluid discharging from
the jet pumps to freely communicate with the fluid directly beneath the core, as
it does in the reference BWR.

3.2.1.2 Lower Plenum Stored Heat Considerations. The metal mass and heat

transfer area contained in the LP is ~4.5 and ~6 times the ideally scaled

values, respectively. This results in an overscaled stored heat capacity which,
during a rapid system depressurization and the accompanying temperature gradients,
will cause an excessive heat release to the fluid. The rate of heat transfer to
the fluid is expected to be higher (per bundle) than in the BWR counterpart. For
the Iimiting-design-basis LOCA, this will cause higher vapor generation rates in
the LP after bulk LP fluid flashing occurs. However, the effects of overscaled LP
metal mass and surface area will not be so severe for smaller breaks or
power-transient tests due to their slower depressurization rates. Additional

studies have been performed to determine the effects on CCFL at the side-entry
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orifice, the lower-plenum-level transients, and the overall system behavior for

~ the large-break LOCA.

3.2.1.3 Bundle Power Simulation. A major program objective is to investigate the

response of the fuel bundle, especially the peak cladding temperature, following a
given sequence-of events. In a BWR, the stored energy in the individual fuel rods
of a pbundle is the primary contributor to heatup following a degradation in rod
surface heat transfer. The stored energy is determined by the initial fuel
temperatures, the local peaking factor distribution, and the fission product decay
rate. The simulation of these contributing factors is discussed below.

The initial bundle power for the majority of the tests corresponds to the
BWR/6-218 in. core average power of 4.64 MW. In addition, three BWR/4 simulation
tests have an initial bundle power of 4.35 MW, which corresponds to the BWR/4 core

average power.

The‘heat flux decay in a BWR fuel bundle is dependent on the initial local power

~density and varies both from rod to rod and axially. Figure 3-5 shows a

comparison of local surface heat flux expected on a fuel rod segment of an 8 x 8
bundie following a scram for a well-cooled situation of three different heat
generation rates. - The rates considered correspond to the maximum expected value
of 12.4 kW/ft (40.7 kW/m) for the linear heat generation rate associated with the
peak power bundle, the average central bundle linear heat generation rate of

9.7 kW/ft (31.8 kW/m), and 3.1 kW/ft (10.2 kW/m) for the average peripheral

bundle. As is clear in the figure, the higher the linear generation rate, the
slower the normalized surface heat flux decays.

In the planned FIST tests, the fuel bundle heat fliux decay will be simulated by
varying the input voltage to .the entire heater bundie in a prescribed manner. It
is not possible in the heater bundle to vary the heat flux decay rate axially or
from rod to rod separately; therefore, the normalized heat flux decay rate will be

‘the same throughout the bundle.

Two somewhat d{fferent methods will be used to determine the power input for the
FIST tests. For the TLTA tie-back tests, the method initially used in those tests
will be used again. However, for use in the remainder of the FIST program, a
second method will be used as follows:



GEAP-22054

T T T T T T T T T T T T

\ ———— 12.4 KW/t - Peak power bundle

' === 0.7 kWI/ft - Average central bundle P
» o8 — - 3 1 kWI/ft - Average peripheral bundie T}
E ‘ == === 1979 ANS - Fission decay heat
£ ol
s 06 |
® Surfa ower a heat tiux
g ‘ / urtace p a .
2 '
v 04 .
g
% .
g N
o N
Z 02\ Power N (OJ |

\< generation NS <
0 | S U W UANN WU W S SNV RN SR SR S |
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time(s) INEL 4 4467

Figure 3-5 Power Decay Curves for Variations in Initial Bundie Power



GEAP-22054

1. Use the ANS-79 decay curve for an 8 x 8 bundle at 10,000
MWd/t. This is a typical core average exposure.

2. Run a TRAC simulation of the BWR bundle with boundary
conditions from a BWR LOCA simulation and using the power
decay from (1). Compute the bundle average surface heat flux
versus time. :

3.  Run a TRAC heater rod model using the same boundary conaitions
as in (2). Adjust the input power so as to match the average
surface heat flux decay from (2). The resultant input power
decay .is the one which should be used to drive the FIST heater
rods .

The earlier TLTA method is likely to have resulted in use of a decay rate flatter
than the bundle average value. While that approach ensured a conservative
simulation of cladding temperature response, the.total heat input from the heater
rods would have thus been too high and might thereby compromise the accuracy of
total system simulation.

The newer method should avoid this problem. The BWR power transients are
characterized by a variation in total rod power accompanied by level and
distribytion changes due to the reactivity feedback, which is a function of a
number of space and time dependent parameters (e.g. void fraction, fuel
temperature, and water ;emperature). The FIST Facility is not designed to
simulate these reactivity feedback mechanisms, nor does it have the capability to
approximate the shifts in power distribution which result from such effects. The
electrically heated bundle is, instead, driven so as to approximate the average
surface heat flux transient expected for each of the power transients simulated.
This approach should provide an adequate simulation of the system response. The
fixed axial power profile and local peaking, however, may impact the location and
timing of boiling transition for severe transients that lead to a degradation in

‘core cooling.

3.2.2 Guide Tube and Bypass

3.2.2.1 Vvolume and Leakage Path Considerations. A sketch of the guide tube
(GT)/bypass region for FIST and the BWR is shown in Figure 3-6. Figure 3-7 shows
the regional volume distributions. The movement of the control rod drive system
is not simulated in the FIST Facility; the assumption is made that the control
blades are fully inserted. Therefore, the physical volume occupied by these
blades (i.e., the volume of fluid displaced by the blades) has been removed from

the ideally scaled fluid volume.in the GT/bypass region: These volumes represent
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only 2% and 11% of the volumés in the GT and bypass regions, respectively. The
total volume in the GT/bypass region is also ~1% less than ideally scaled volume
due to size constraints. The assumption of fully inserted control blades will
only affect power transient testing and that effect is not expected to be

significant.

Leakage paths in the vicinity of the bottom of the bypass are provided in FIST.
These leakages are categorized as the LP/bypass and channel/bypass leakages and
are shown in Figure 3-8. A very small leakage path is also provided at the bottom
of the FIST guide tube to simulate BWR LP-to-guide-tube leakage at the junction
between the guide tubes and the control rod drive housings. ‘

For the LP/bypass leakage, one flow path is used to simulate the‘following BWR
flow paths (see numbered flow paths in Figure_3-8b): ‘

1. Between the control rod guide tube and the fuel support (two
places)

2. Between the fuel support and the lower tieplate

3. Between the control rod guide tube and the core support plate.

This flow path in FIST is adjustable so that the initial bypass flow will be
scaled to the initial BWR bypass flow (between 10 to 12% of the total initial core
flow). \
The mos; significant bypass leakage occurs between the channel and the bypass
through the lower tieplate leakage holes (flow path 4 in the figure) and through
the leakage of the finger springs (path 5 in the figure). The FIST lower tieplate
leakage holes have a one-to-one correspondence to the BWR tieplate holes. The
leakage through the finger springs is simulated by the expansion box leakage paths.

As noted above, the FIST facility design incorporates the assumption that the
control rods have been fully inserted. The flow path between the bypass and guide
tube is therefore restricted due to the velocity limiters, which are located at
the end of the control rods. This flow restriction may create CCFL at the bypass
inlet region which would prevent bypass liquid from freely draining into the guide
tube during the transient. The effect of the\parachute-shaped velocity limiters
in the BWR is simulated in FIST by two restricting orifices as shown in Figure 3-9
and discussed below. Both orifices are removable for non-LOCA tests that do not
assume full control rod insertion. '
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The smallest flowpath, 1imiting the flow between the guide tubes and bypass, is
created by the lower end of the velocity limiter. This restriction, "A" in
Figure 3-9, is modeled in FIST by an orifice 1ocafed at the elevation of the
corresponding BWR velocity limiter, when the control blades are fully inserted.

Another restriction "B," is placed in the bypass region of FIST. This restriction
represents the flow obstruction due to the insertion of the neck of the velocity
limiter (region below the blades but above the parachute-shaped bottom) into the
bypass. This restriction is placed at the average height of the neck of the
velocity limiter as shown in Figure 3-9.

3.2.2.2 Bypass Stored Heat Considerations. The FIST bypass metal has a volume

which is approximately 7.5 times greater than the BWR/6 scaled volume and a
surface area which is approximately 1.6 times greater than the BWR/G scaled area.
Since there is no insulation on the inside walls of the FIST vessel, the
differences in metal mass and area are expected to affect the heat transfer rate
and temperatures in the bypass metal, the two-phase level and vapor generation
rate of the bypass fluid, and CCFL at the bypass exit. The effects are expected
to be more severe in tests with high depressurization rates (i.e., large-break
tests and tests with ADS actuation) since the difference between the metal and
fluid temperatures are greatest in these tests, resuiting in significant heat
transfer rates. To assess the effects on the bypass response, a simple
comparative study was done using TRAC to compare the FIST bypass and a scaled

. BWR/6 bypass. The fluid volume and free flow area for the FIST bypass and the
scaled BWR/6 are the same, but the inner radius and metal thickness for the two
cases differed because metal surface areas and volumes are different.

No new fluid was allowed to enter or exit the control volume but the contained
bypass fluid was allowed to expand and exit through the top. ;

The pressure transient was a simple linear depressurization derived from data at
10 and 50 s for the TLTA-5A large-break reference Test 6425.

Figure 3-10 shows the wall heat transfer to the fluid for both the FIST and the
scaled BWR/6 bypass. For both cases, there is enough stored heat in the metal to
produce nucleate boiling after flashing begins (between 14 and 15 s). At the
point of maximum difference, right before the two-phase level begins dropping in
the FIST bypass, the FIST heat transfer is approximately 6 times larger than the
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scaled BWR/6. The two-phase level begins dropping in the FIST bypass at .
approximately 37 s, while the two-phase level never drops in the BWR simulation
case for this idealized transient. '

Because of this excessively large heat transfer, the calculated exit vapor flow
from the FIST bypass is up to two times greater than in the scaled BWR/6 case.
This overly large exit flow could be expected to affect CCFL at the bypass exit.

To check the extent of this possible problem, the limiting vapor velocity at the
bypass exit was calculated and compared to the exit vapor velocities for the two

cases. The Kutataladze CCFL correlation was used to calculate the Timiting vapor

velocity.

Figure 3-11 shows that after ~40 s, no liquid drainage is expected from either
the scaled BWR/6 or FIST bypass since both their vapor velocities are above the
1imiting case. Between 20 and 40 s, however, the scaled BWR/6 bypass has a vapor
velocity which is slightJy lower than the ]imitingvcase., For this time interval,

" the calculation indicates the BWR/6 bypass_wou]d allow some liquid downflow while

the FIST bypass would be completely shutoff by CCFL.

A further complication could arise from the hot metal in the FIST bypass. The
calculated wall temperature response at the top of the FIST bypass closely follows
the scaled bypass response, as shown in Figure 3-12, until the two phase level
begins to drop inside the FIST bypass. But then the FIST temperature remains
fairly constant at 534 K while the scaled BWR/6 temperature follows the fluid
saturation temperature downward. The major consequence of this will be realized
after the LPCI system begins to inject. Some of the subcooled LPCI fluid can be
expected to cool the hot bypass metal (particularly the uncovered upper portion)
instead of condensing steam in the bypass. This could further affect the CCFL
conditions at the bypass exit and interfere with the refilling of the bypass and

bundle.

It should be recognized that the analysis used for this study was simplistic so
the results are not to be considered accurate predictions of the actual FIST
bypass response. However, the results, when used in comparison, do give an
indication of how overscaled metal mass and surface area may affect the response.
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3.2.2.3 Bypass Cross-Sectional and Exit Area Scaling.a The FIST bypass

cross-sectional area which has been the subject of the above discussion is
distributed as shown in Figure 3-13. This flow area distribution exists up the
Jength of the bundle to the location of the upper tie plate, as shown in

Figure 3-14. There the bypass exit area is defined by flow passages in that upper
tie plate. |

As noted above, the separate-effects calculations indicated that a possible
problem existed at the bypass exit area due to an interrelated set of
circumstances involved with the initial FIST design. A further data point in
these considerations was available from test results from the Steam Sector Test
Facility (SSTF), a multi-bundle facility used to investigate CCFL phenomena at the
top of the core. In particular, data from that test program indicated the SSTF
bypass liquid drainage rate, through the exit flow area, was much higher than that
predictea by a one-dimensional CCFL analysis. This is due to the significant
three-dimensional effects inherent in both the SSTF and the BWR. Clearly the FIST
bypass is one-dimensional and thus the simulation of the BWR would not be
desirable in this respect.

As a consequence, the FIST upper tie plate was redesigned and provided with a
bypass exit flow area of 6.28 sq in. as opposed to the garliek, ideally-scaled,
area of 2.15 sq in. The redesigned tie plate is shown in Figuré 3-15. The eight

1-in.-diameter holes constitute the new exit flow area.

Figure 3-16 shows a comparison of the one-dimensional CCFL curves for the original
and revised exit flow-areas. The SSTF three-dimensional data point (650 1b/hr
steam upflow at 10 gpm liquid downflow) is also plotted in the figure. It shows
that the FIST bypass, even with the much larger flow area, is still expected to be
more restrictive for liquid draihage than the three-dimensional SSTF bypaés. '
However, the modification made in the tfe plate provided the 1érgest practical
fiow area that could be incorporated without substantially complicating the bundle
electrical design. '

3.2.3 Jet Pump Scaling Performancé

a. Editor's note: A good example of the interaction and feedback of the scaling
study and facility design appears in the following text.
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3.2.3.1 Performance Characteristics. A separate-effects study was performed to
eva]uate the expected performance of the FIST jet pumps (JP). Table 3-2 presents
a comparison of the irreversible losses calculated for the various sections of the

FIST and TLTA jet pumps. ‘These calculations were performed assuming a mass flow
~of 18.8 lbm/s. Entrance, mixing, and throat friction losses are the same for both

pumps .

The results indicate roughly a 5-psi increase in irreversible losses in the FIST
jet pump compared to the TLTA jet pump. A TRAC analysis of the two jet pump
designs supports this conclusion.

TABLE 3-2. COMPARISON OF FORWARD FLOW LOSSES

LOCATION TLTA Jet Pump FIST Jet Pump
Diffuser / 2.6 psi 2.2 psi
Tailpipe 0.1 3.1

Exit 1.3 3.0

Total 4.0 8.3

The flow losses for reverse flow through the jet pumps at reactor conditions are
dominated (80 to 90%) by the exit loss from the jet pump inlet to the downcomer
region. This is true for both steam and water flow. The reverse flow
cogfficient, Kr, can be defined such that

vt2 4
APF = Krp 3 _ (3-1)
wﬁere
| APr = reverse flow pressure drop
[ = fluid density
v =

jet pump throat average velocity

The relationship for the mass flow rate is then

K o RV -2
= I my C m
API' = 2 (OA ) k ?
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or

, ;PFZo 1/2 | |
m = 7 At . (3_2)

r

1t can be seen from Equation (3-2) that for a given AP and state conditions
(i.e., p = const)

oA, /K2
OIY'
Mo bl kleo (3-3)

It is the quotient (DE / Kr]/z), then, that must be correctly scaled in

order to ensure an appropriate reverse flow rate,

The value of Kr for liquid flow through a typical BWR jet pump is estimated to

be 0.80 - 0.90. The value of Kr for the FIST jet pump is estimated to be 1.40,
most of the increase being due to higher L/Ds. Reverse steam flow test data for
the TLTA jet pump Was_used to calculate Kr under these conditions, yielding 1.14
and 1.20 for low- and high-flow conditions, respectively. The long extension for
the FIST application brings these values of Kr to 1.25-1.31. A Kr of 1.30
represents an intermediate value of the range between 1.25 and 1.40, and is used
in the analysis.

The ratio of expected reverse mass flowrate in FIST to that désired for the
optimum scaled BWR/6 facility is then

Scaled BWR/6 _FIST
Kp ~ 0.80 to 0.9 Ke = 1.30
D¢ = 0.76" Dt = 0.914"

m
.
—FIST_ _ 4.4 -1.20
m

"Scaled BWR/6
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Summarizing, the increased tailpipe length and decreased diffuser length combine
to increase the pressure drop in the FIST jet pump (as compared to the TLTA), but
this increase is predicted to be less than 5 psi at rated core flow.  An increase
in the drive flow to the jet pumps is required in order to compensate for this,
aifference. Section 2.1.2 documents recirculation loop and jet pump flow

coastdown requirements.

The reverse-flow-loss coefficients, based on the JP throat area, for the reference
BWR JP is between 0.80 and 0.90, the corresponding FIST coefficient is computed to
be 1.3. This higher reverse-flow-loss coefficient in FIST is due in part to
increased L/D losses in the tailpipe and in part to exit losses which are higher
than those for the scaled BWR case. These higher losses result from the fact that
the JP nozzle, which is situated‘directly above the throat and interferes with the
exiting flow under reverse conditions, is slightly overscaled from the BWR case.
The larger than scaled reverse flow area in FIST (Table 3-1), however, more than

~ compensates for this, resulting in a better blowdown flow simulation. The
blowdown rate is estimated to be between 14 to 20%‘higher than the rate expected
in the reference BHWR. ' '

3.2.3.2 Jet Pump Flow Interaction and Volume Considerations. In the reference

BWR there is a large lateral separation between the jet pumps which are operating
from different recirculation loops (see Figure 3-17). The FIST facility cannot
simulate this separation, therefore the proximity of the jet pumps is
uncharacteristic of the BWR. 7o minimize the consequences of this design, -flow
dividers (baffles) are used at the JP inlet and exit. These baffles should
minimize the potential for uncharacteristic interaction of the flows of the jet
pumps, especially during a blowdown when the flows from the two jet pumps reach
their highest relative velocities. The FIST jet pump baffles are shown in

" Figure 3-18. '

A sketch of the jet pump region for FIST and the BWR is shown in Figure 3-19.
Figure 3-20 shows the regional volume distributions. The FIST JP valume is
overscaled by approximately 62% due to scaling compromises that were made to
obtain the desired jet pump performaﬁce. This volume difference, however, is
small compared to the overall system volume or to the volume in the lower plenum
and guide tubes, but can affect the refill/reflood timing. The difference in
refill volume between the FIST JP and the scaled BWR .JP is less than 5.0% (this

~ considers the volume required to fill the guide tube, channel, and bypass in the
region between the bottom of the JPs and the top of the JPs). Consequently the
effect on refill/rgflood time is expected to be small. i
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Figure 3-18 FIST Jet Pump Baffles
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3.2.4 Downcomer

3.2.4,1 Volume Considerations, As described in detail in Section 2.1.1.1, the
annular downcomer region in the BWR is modeled in FIST by using an external pipe
connected to the main vessel. This region contains part of the lower plenum, the

jet pumps, and the downcomer fluid (fluid surrounding the jet pumps).

The use of an external, single-pipe, gowncomer has three advantages. First, it
permits accurate modeling of both the average scaled cross-sectional area and the
representative volume distribution in that region. This, ‘in turn, provides
realistic water levels at the appropriate BWR elevations. Second, it produces a
more representative ratio of downcomer surface area to fluid volume than could be
obtained if an annular downcomer were employed. It also provides the space
required to install two jet pumps, each connected to separate recirculation
systems. Third, this split configuration i.e., separatg downcomer and core
region, allows greater access to the core region and facilitates access to the
instrumentation.

Accurate modeling of the BWR fluid volume versus height in the downcomer allows
realistic simulation of water level transients. The water level movement in the
downcomer in the BWR is measured and used for both normal operation and for ECCS
activation. FIST includes similar level instrumentation which is used to initiate
the ECC system and to control the feedwater system so that the real-time key
events occurring in a BWR are simulated. Alternatively, the level instrumentation
can also be used as a monitoring device. Also an accurate simulation of the water
level provides the appropriate static heads in the vessel that are necessary for
the replication of the thermal-hydraulic phenomena (e.g. natural circulation)
occurring in a BWR. The FIST and BWR downcomer regions are illustrated in

Figure 3-21. Figure 3-22 shows that the downcomer volume distributions for FIST
and the scaled BWR are very well matched. Furthermore, for slow loss of inVehtoky
events or for long-term transients, the hydrostatic head in the downcomer directly
affects the natural flow characteristics. These characteristics should thus be
well simulated in FIST.

3.2.4.2 Jet Pump Interface with Downcomer. In the BWR geometry, jet pump nozzle

assemblies located airectly above the jet pump inlets represent a local flow
‘restriction for reverse flow (Figure 3-23). Although this flow area is fairly
well scaled in the current FIST design, the design does not corrgct1y represent
the circumferential asymmetry present in the BWR downcomer, namely the
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unrestricted flow paths (between "A" and "B" in Figure 3-23) in the downcomer

region located directly above the recirculation suction inlets.

An estimate indicates that during the later phases of a rapid depressurizaticn
transient, such as a simulated steam-line break, there may be a high rate of steam
flow through the jet pumps resulting from vaporization in the lower plenum. In
the reference BWR, there are alternative paths for steam to be diverted in the
three-dimensional, annular downcomer region, and thus CCFL in the vicinity of the
jet pumps is not expected to occur. However, this steam flow in the FIST design
may create a CCFL condition at the restriction, thus creating an unrealistic
hoidup of liquid above the jet pump, which may produce a nontypical aP acfoss

the core region during the refill/reflood stages of a transient. In order to
minimize the possibility of unrealistic CCFL occurring, the downcomer area around
the jet pump nozzle assemblies is slightly enlarged (see Figure 3-24). This
design modification does not significantly affect the downcomer volume or the
overall design of the downcomer region. It does, however, assist in alleviating
the potential for unrealistic CCFL to occur there.

3.2.4.3 Dryer Skirt Simulation. In the reference BWR, the annular region formed

between the vessel wall and the dryer skirt (between elevation 505 and

elevation 617.25) is 6.4 in. wide. The region between elevation 617.25 and
elevation 624.24 is also an annulus with a width 'of 3.2 in. These two regions if
ideally, linearly scaled (1:624 or 1:24.98) would result in annular regions with
widths of ~0.25 in. and ~0.13 in., respectively (Figure 3-25). These narrow

gaps and the resulting boundary layer effects may significantly alter system
parameters (i.e., water level movement). For this reason the FIST Facility has
been designed with an annular segment spanning ~76 degrees (for elevation 505 to
elevation 617.25). This segment was designed to contain the same volume as that
which would have been contained in-the ideally scaled annular region. In order to
simulate the restriction between elevation 617.25 and 624.24, a slot is cut in the
plate that forms the bottom of the dryer (elevation 624.24). The total flow area
of the slot corresponds to the ideally scaled area for this region in the BWR.

The annular segment is positioned so that it is centered directly under the steam

1ine,

The dryer skirt design is described in Section 2.1.1.6. As noted there, a slot is
cut in the plate which forms the bottom of the dryer (see Figure 3-25).



GEAP-22054

BWR arrangement

Restriction to steam upflow

((

(

INEL 4 3904

 Figure 3-23 Downcomer Steam Upflow Restriction

3-42



GEAP-22054

N\

INEL 4 3905

Figure 3-24 FIST Expanded Downcomer

3-43



GEAP-22054

Scaled
BWR. ' FIST
" ’ y
r
Steam : | ’
line f b
— Dryers “? Dryers f
624'24_’[/////////1/ ' (
617.25 — | 1] fig
.
A} | Dryer H A B U {lo— Dryer B
1 N skirt n U q skirt [’
A ’ 4 A L ']
H | H ) i
H N 1 : ¥ ] » . q
M U r " MM/ A ) ¥ ’ﬁ F :‘-Vesse|
(. (B 4 i P )
Vessel (R 1 4 i (
gssel ‘. 4 [ ) :‘ | SeParators [ :
1 1A ) *
i : ) 4 : /v I H )
“ ? L
4 ’ q A " 1 '
505.0in. || [ | 1 I )
elevation —|—' A LI j 4 1l !
Separators :
Vessel

dryer skirt

Section A-A Section B-B

INEL 4 3877

Figure 3-25 Dryer Skirt Simulation

3-44



GEAP-22054

One of the scaling concerns is the potential for CCFL to occur at this slotted
restriction. The amount of CCFL occurring in FIST in this region may be larger
than that which would occur in the reference BWR under the same conditions. This
is due to the necessary overscaling of the FIST metal masses and heat trapsfer
aredas. The possibility of this phenomena occurring has been examined '

preliminarily and determined to be relatively smail.

3.2.5 Upper Plenum, Separator, Dryer and Dome

3.2.5.1 Volume Considerations. The upper plenum (UP)/standpipe/separator region
is illustrated in Figure 3-26 for FIST and the BWR/6. The volume distributions
are presentea in Figure 3-27. The two distributions are fairly well matched

except at the BWR shroud head dome region. The shroud head dome is simulated in
FIST by extenaing,the UP pipe to an appropriate height, giving the correct scaled
UP volume. The FIST standpipe was then chosen to'give the correct standpipe
scaled volume. The FIST UP level in the region corresponding to the BWR shroud
head dome will be slightly affected by this geometry difference; however, the

overall system response is expected to be uncompromised.

A sketch of the steam-dome region is shown in Figure 3-28, and Figure 3-29 shows
the regional volume distributions for FIST and the scaled BWR. "The total FIST
steam-dome volume is only 1.5% overscaled.

Because of its hemispherical shape, both the volume and the full height of the BWR
vessel head cannot be simulated by the FIST vessel.. Therefore, the top of the

FIST vessel is located at the average height of the hemispherical BWR vessel head,
thus providing the correct scaled volume above the dryers.

3.2.6 Recirculation Steam and ECC Systems

3.2.6.1 Volume Considerations. As stated previously, the recirculation loops

must be capable of‘proviqing scaled jet pump drive flow so that the correct
initial conditions are established in the vessel. In order to meet both this
objective and other physical constraints (i.e., pump placement and pipe routing),
the fluid volume in the loops is overscaled. In tests having rapid system
depressurizations, fluid flashing occurs throughout the entire system and
redistributes the mass and energy content of various regions. As such, the
overscaled mass and energy contained in the loops may flow into the vessel and
affect the system performance. Therefore, each loop is equipped with two
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jsolation valves that can be closed after the pumps are tripped and the coastdown
is conmplete, to ensure that the correctly scaled fluid volume is connected to the

vessel.

3.2.6.2 Steam Line. A schematic of the steam-line simulation for the FIST
facility is shown in Figure 3-30. Standard pipes are used in the steam-line
design. With the incorporation of standard piping the fluid volume contained "in
the lines between the pressure vessel and the first main steam isolation valve
(MSIV) is within 7% of the ideally scaled value. The full height of all vertical
lengths of piping in the BWR is also preserved: however, the horizontal lengths
are shortened to compensate for the slightly overscaled flow area of the standard

pipes.

In the reference BWR, there is approximately 100 ft of additional piping
downstream of the MSIV before the turbine stop valves (TSV), which are not
simulated in FIST. By not simulating this piping, the steam line dynamic response
will be affected for turbine trip tests.  The FIST steam line should exhibit a
nigher frequency response, which is expected‘to affect the timing of the pressure

oscillations in the early stages of the transient. However, this is not expected

to have a significant impact on the bvera]] system response.

During a steam-line break in the reference BWR, the foilowing-sequence of events
is expected to occur (refer to Figure 3-31):

1. At ~0.1 second after the break the TSVs are closed. Total
break flow area = 3.20 sq ftd = area of one steam line +
area of flow limiter, for 0.1 < t < 1.0s

2. At ~1.0 s the turbine bypass valve is fully open. Total
break flow area = 3.363 sq ft2 = steam line area + flow
limiter area + turbine bypass area, for 1.0 < t < 4.5 s

3. At ~4.5 s the MSIVs are fully closed. Total break area =
2.536 sq ft3, for t > 4.5 s. '
In order to simplify the break simulation, only items 2 and 3 above are
incorporated. Therefore, only two break area sizes are represented as shown in
Figure 3-32. This method of simulating the break areas is expected to yield
conservative results. '

a. All areas are BWR scaled values.

3-50



GEAP-22054

/<$

’ vessel
. .

To flash
tank

\‘:CL
| \>\
A
L |
//.

INEL 4 3878

Figure 3-30 FIST Steam Line Configuration

3-51



GEAP-22054

Break Bypass
L header

Vessel

N\,

=1 _—
S
@ —— To
= turbine
-~
— —_—
Fiow MSIVs : Turbine .
limiters stop
' valves
~0.1s after break )
Turbine
bypass

Break Bypass
) L . header
=

T vessel

\_/

Vessel

— —_ -
= — — To
= — turbine
== 1\
Fiow EERESSSS
imi MSIVs . Turbine
limiters ‘ oton
~1.0 s after break vaives
Turbine
bypass
: Bypass
l__Q_B::: " header
= To
: turbine
> \
Flow MSIvs _ Turbine

limiters | stop
\_) valves
~4.5 s after break

Turbine
bypass

INEL 4 3890

Figure 3-31 BWR/6 Sequence of Events for Steam Line Break

3-52



GEAP-22054

. < -

i R —— |

vessel %r¥%r%r¥ / To flash tank
At 0 s before break

From Trrrr T -

vessel :
‘%r% % To flash tank

AtN\A1.0 s after break
Flow area = 3.363 ftz

Fro B -
From ITrrror >¢ ‘,
vessel : _
% % % —?[ —*r ) To flash tank
AtN\4.5 s after break '

Flow area = 2.536 ft2
INEL 4 3876

Figure 3-32 FIST Steam Line Break Simulation

;

3-53



GEAP-22054

The BWR automatic depressurization system is activated only on coincident signals
of hfgh drywell pressure and low water level (<level 1). Because no containment
simulation is included in the FIST facility design, the "occurrence" of high
drywe?f pressure will be based on available BWR evaluations. If high drywell
‘pressure is predicted for a given test, as is the case for LOCA simulations, then
the simulated ADS will be activated on low water level. The BWR ADS time delay of
120 s will be implementeu in the FIST facility tests. The ADS is simulated in
FIST by opening the SRV representing the highest set-point group of the reference
BWR. The flow orifice in this SRV line is sized to produce scaled ADS flow.

3.2.6.3 ECC Systems. The BWR HPCS system is activated on either high drywell
pressure (>2 psig) or low reactor water level (<level 2), and requires a

maximum of 27 s for the diesel generator to drive -the pump to rated speed and for
all valve motion to be completed. This 27 s time delay will be imp]emented for
the FIST LOCA tests so as to be consistent with assumptions used in the current
evaluation methods. A nominal time agelay of 20 s, however, will be used for the
non-LOCA tests as this is more representative of actual BWR performance, when

on-site power is available.

The LPCS aﬁd LPCI systems are activated on high drywell pressure or low reactor
water level (ileVe] 1), and require a maximum of 37 s for the pumps to reach

rated speed and for all valve motion to be completed. Commencement of the LPCS
and LPCI flows is not controlled by this time delay, however, since the vessel
pressure does not lower past the shutoff head of the low-pressure pumps until well
after 37 s. The tihing of the actual injection of flow from the low-pressure ECC
systems into the vessel is controlled by the vessel pressure in both the BWR and
FIST through the use of a check valve.

3.3 SUMMARY OF SCALING CONSIDERATIONS

The preceding sections have described, region by region, how the FIST facility
scaling was performed, such that the facility is capable of satisfying all the
criteria specified for it. Each region has been thoroughly examined to determine
whether: '

1. Tne volume distribution is proportionate to the reference BWR's
volume distribution

2. All local flow restrictions have been modeled appropriately

3. Each component is full reactor height

4. Each component meets the specified simulation criteria.
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The scaling study results presented lead to the conclusion that the FIST design
meets all the prescribed scaling goals. As a summary, the total vessel volume
distributions for FIST and the scaled BWR/6 are compared in Figure 3-33. The
regional volume comparﬁson between FIST and the scaled BWR is listed in Appendix C.

In addition, separate-effects studies have been performed to eva]uaté the locaj
effects of any compromises that were encountered in the scaling process. In order
to further evaluate the facility, integra1 system response studies are being
performed to determine the effects any remaining compromises have on the overall

system response.
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view 2
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APPENDIX B
MEASUREMENT LIST

The experimental measurement identifier is an alpha-numeric string which describes
the measurement type and location in the FIST facility. Twelve (12) characters
(maximum) are used on the FIST/HP data acquisition system for this ID. The string'
is generally composea of three parts which are separated by dashes:

Example
. Vessel Elevation
Measurement Regional or
Type = - Location - Other Information

DP - LPB L - EL 032

The measurement type usually consists of two characters as given in Table B-1,
Measurement Type Code. The regional location codes are given in Table B-2. These
usually consist of three characters, but up to five characters are sometimes

used. In the case of differential pressure measurements between vessel regions,
both région codes may be used. Vessel elevations are all positive, bottom of
vessel being ~30 in.

The heater rod thermocouple identifier gives the core location number for the rod,
the heater rod type (power) and the distance in inches the thermocouple is ‘located
above the bottom of the heated length: '

T - X - XX - XXX
_distance above bottom of heated length
_heater rod type (see Table D-5)
_heater rod core location
Example: TC-33-78-105

Process measurement identifiers follow standard I.S.A. symbolization.
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TABLE B-1. MEASUREMENT TYPE CODE

Code

cP
bD
DP,DF
1
KW
N
PO
PR
T
TC
TF
T
TW
v
GD

Type Measurement

Conductivity Probe

Drag Disc

Differential Pressure
Current

Power

Pump Speed

Valve Position

Pressure

Core Power Cable Temperature
Heater Rod Temperatuare
Fluid Temperature
Turbine Meter

Wall Temperature
Voltage

Gamma Densitometer

B-5
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TABLE B-2. REGIONAL LOCATION CODES

Code Location

BDD Blowdown Section of Drive Line (RECIRC)
-BDS ‘Blowdown Section of Suction Line (RECIRC)
BP - Core Bypass a
BU Bundle

CFWL Cold Feedwater Line

CH Channel

oc- Downcomer

bCJ Downcomer, JP1 Region

DCJ2 Downcomer, JP2 Region

DRY Oryer

N v Dryer Skirt

FWS ' Feedwater Storage Tank

FWT Feedwater Tank

GT Guide Tube

HFWL Hot Feedwater Line

HPCS High Pressure Core Spray (ECC)
JP1 ' Jet Pump 1

JP2 Jet Pump 2

L1D ' Recirc Loop 1 Drive Line

L2b Recirc Loop 2 Drive Line

LPB Lower Plenum-Under Bundle

LPCI Low Pressure Coolant Injection (ECC)
LPCS Low Pressure Core Spray (ECC)

LPJ : Lower Plenum-Under Jet Pumps

L1s Recirc Loop 1 Suction Line

L2S " Recirc Loop 2 Suction Line

RCIC Reactor Core Isolation Cooling
SO Steam Dome

SEP Separator

SL Steam Line

Mmoo Steam Manifold

SP : Stand Pipe _

sSSP " Separated Steam Plenum

up Upper Plenum

B-6
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TABLE B-3.

EXPERIMENTAL MEASUREMENTS2

inlet

Nominal
) Cold Leg ’
 Measurement Initial Length, Estimated®
Identifier tocation Description Calibration Range (in.) Uncertainty
Pressure
PR-LPJ-ELO32 Centerline of lower crossover at flange 0,1500 psig +6 psi
PR-DC-EL123 Bottom of downcomer, outside jet pumps 0,1500 psig b psi
" PR-LPB-EL196 At side entry orifice inlet 0,1500 psig +6 psi

PR-UP-ELA2Y Upper plenum between sprays and stand 0,1500 psig +6 psi
pipe inlet +6 psi

PR-SD-EL793 Top of steam dome 0, 1500 psig 6 psi

PR-SL-0Y Steam 1ine at orifice 0,1500 psig +6 psi

PR-L25-20 Loop number 2 suction line 0, 1500 psig +6 psi

PR-FWT-75 Feedwater tank steam space 0,1500 psig +6 psi

Differential Pressure V
© DP-DC-EL390 In downcomer at exp. joint nutlet up to -25,+75 in Hy0 57 +0.6% FS

elev 447 outside standpipe

DP-LPB-ELO32 Centerline of lower crossover to -7.5,+22.5 in Hp0 12 +0.6% FS
elev 044 outside guide tube

‘DP-LPBQEL044 From elev 044 up to elev 085 outside -25,+75 in Ho0 a4 10.6% FS
guide tube in lower plenum upflow

DP-LPB-ELOBS From elev 085 uﬁ to elev 124 outside -25,+75 in Hp0 39 +0.6% FS
guide tube in lower plenum upflow

DP-LPB-EL124 Up to elev 135, below to above upper -7.5,422.5 in Hy0 1 £0.6% FS
crossover

OP-LPB-EL135 Up to elev 157 outside guide tube in -10,+30 in Hp0 22 £0.6% FS
lower plenum upflow

0P-LPB-EL1S7 Up to elev 180 outside quide tube in -10,430 in Hx0 23 +0.6% FS

lower plenum upflow
DP-LPB-ELYIBO Up to elev 196 at side entry orifice -7.5,+22.5 in Hy0 16 +0.6% FS

v5022-dv39
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TABLE B-3. {continued)

Nominal
. ) Cold Leg b
Measurement Initial Length, Estimated
Identifier Location Description Calibration Range {in.} Uncertainty
Differential Pressure
{continued)

DP-LPJ-ELO32 Centerline of lower crossover to -7.5,422.5 in 1120 12 +0.6% FS
elev 044 in lower plenum downf low

DP-LPJ-ELOAS From elev 044 up to elev 085 in lower -25,+75 in Hp0 4) +0.6% FS
pltenum downflow

DP-LPJ-ELOBS From elev 085 up to elev 124 in lower -25,175 in Hp0 39 10.6% FS
plenum downf low

0P-GT-EL044 From elev 044 inside quide tube to -25,475 in Hy0 a6 $0.6% FS
elev 090 inside

DP-GT-ELO90 From elev 090 inside quide tube to K -25,+75 in H0 18 +0.6% FS
elev 138 inside ‘

DP-GT-EL138 From elev 138 inside quide tube to -25,+75 in H0 48 +0.6% FS
elev 186 inside near top

DP-CORIN-196 From the downstream side of the side "~ -30,+30 in H20 9 +0.6% FS
entry orifice {elev 196) to elev 205 .
above nosepiece

DP-BU-EL209 Inside the channal, in the bundle, ~75,+75 in H30 16 +0.6% FS
elev 209 (begin heated length) to
elev 226 upflow

DP-BU-EL225 = _ Inside the channel, in the bundle, =75,+75 in 10 ' 21 +0.06% FS

o elev 226 to elev 246 upflow

DP-BimEL246 Inside the channe), in the bundle, -75,+75 in Hy0 20 £0.6% FS
elev 246 to elev 266 upflow

DP-BU-EL266 Inside the channel, in the bundle, -75,+75 in K0 20 +0.6% FS

elev 266 to elev 286 upflow

¥5022-4dv39
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TABLE 8-3. (continued)

Nominal
Cold Ley
Measurement - Initial Length, Estimateq?
Identifier Location Description Calibration Range (in.) Uncertainty
Differential Pressure
(continued)

DP-BU-EL286 Inside the channel, in the bundle, -75,+75 in H0 20 +0.6% FS
elev 286 to elev 306 upflow

DP-BU-EL306 _Inside the channel!, in the bundle, - =75,%75 in Hy0 20 +0.6% FS
elev 306 to elev 326 upflow

DP-BU-EL 326 Inside the channel, in the bundle, -75,+75 in Hy0 20 +0.6% FS
elev 326 to elev 346 upflow

DP-BU-EL 340 Inside the channel, in the bundle, -75,475 in H20 13 +0.6% FS
elev 346 to elev 359 upflow

pP-BU-EL359 In bundle above top of heated length -75,+75 in H20 9 +0.6% FS

: up to elev 368

0P-8P-EL1G0 In bypass, from above guide tube top -10,+30 in Hp0 19 +0.6% FS
to elev 209, begin heated length .

PP-BP-EL209 In bypass, outside channel, elev 209 -25,+75 in Hp0 37 +0.6% FS
up to elev 246

DP-BP-EL246 In bypass, outside channel, elev 246 -25,+75 in Hy0 34 +0.6% FS
up to eley 280

DP-BP-EL280 In bypass, outside channetl, elev 280 -25,+75 in H20 46 +0.6% FS
up to elev 326

DP-BP-EL326 - In bypass, outside channel, elev 326 -25,+75 in H20 a2 +0.6% FS
.up to elev 368

DP-UP-EL372 In bypass, outside channel, above tie -7.5,+22.5 in Hp0 07 +0.6% FS

plate to upper plenum elev 379

'v5022-dv39
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TABLE 8-3. (continued)

Nominal

: Cold Leg b
Measurement ' Initial Length, ~ Estimated
Identifier Location Description Calibration Range (in.) Uncertainty
Differential Pressure ’
{continued) .
0P-UP-EL379 In upper plenum from elev 379 to -7.5,422.5 in Hy0 21 $0.6% FS
: elev 390 between LPCS, HPCS
DP-UP-EL390 In upper plenum between LPCS, HPCS up -7.5,+422.5 in Hy0 10 +0.6% FS
i to elev 400 above HPCS .
DP-UP-EL400 ~ In upper plenum elev 400 up to -10,+30 in Hy0 23 +0.6% FS
elev 421
DP-DC-ELI13I In downcomer outside jet pumps to -25,+75 in M0 30 +0.6% FS
’ elev 163 below recirc. loop conn.
DOP-DC-ELY63 * In downcomer outside jet pumps from- - -7.5,422.5 in Hp0 6 +0.6% FS -
. below to above (elev 169) recirc,
connection
DP-DC-EL169 In downcomer outside jet pumps -10,+30 in Hy0 15 +0.6% FS
.elev 169 up to elev 184
OP-DC-EL18A In downcomer outside jet pumps -25,+75 in Hy0 40 +0.6% FS
- elev 184 up to elev 224
0P-DC-EL224 In downcomer outside jet pumps : -25,475 in Hy0 36 +0.6% FS
elev 224 up to elev 260 .
0P-DC-EL260 In downcomer outside jet pumps -25,+75 in Hy0 42 +0.6% FS
elev 260 up to elev 302
DP-DC-EL302 In downcomer, outside jet pumps below -10,+30 in Hy0 14 +0.6% FS
drive line conn. to above top of
pumps (elev 316)
0P-DC-EL316 In downcomer, elev 316 to elev 358, -25,+75 in Hp0 42 +0.6% FS

top of heated length in core

v5022-dv39
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TABLE B-3. . (continued)

Nominal
: Cold Leg
Measurcment Initial Length, Estimatea
Identifier Location Description Calibration Range (in.) Uncertainty
Differential Pressure
{continued)

DP-DC-EL 358 In downcomer up to expansion joint '~25,+475 in Hy0 . 32 +0.6% FS
outlet flange at elev 390

DP-DC-ELA47 In downcomer, outside stand pipe -25,+75 in Ho0 .23 +0.6% FS
elev 447 up to 470 ‘

DP-DC-ELAT0 : In downcomer below feeawater conn. up -25,+75 in Hp0 32 +0.6% FS
to elev 502 below dryer skirt :

DP-DS-ELSO2 From elev 502 in downcomer to. elev 525 -10,+30 in Hp0 23 +0.6% FS
in dryer skirt ~

0P-DS-EL525 From elev 525 in dryer skirt to elev 550 -25,+75 in Hp0 - 25 +0.6% FS

DP-DS-ELS50 From elev 550 in dryer skirt to elev 586 <25,475 in HZ0 36 +0.6% FS

OP-DS-ELS8B6 In dryer skirt from elev 586 to elev 622 -25,+75 in Ho0 36 +0.6% FS
near top .

" DP-SM-EL626 In steam manifold below steam line conn. -100,+300 in Hy0 86 +0.6% FS
to top of manifold (elev 712) : .

DP-SD-EL712 From top of manifold to elev 793 at tbp_ -100,+300 in H;0 81 +0.0% FS
steam dome

DP-SP-EL447 In standpipe elev 447 up to elev 502 -25,+75 in Hy0 55 +0.6% FS

DP-SP-EL502 ' In standpipe elev 502 to separator inlet -25,+75 in Hy0 23 +0.6% FS
at elev 525 :

DP-SEP-ELSI "~ From elev 531 in separator to elev 595 -50,+150 in Hy0 64 ) +0.6% FS
betow sep. top in plenum :

DP-SSP-EL502 In downcomer below skirt to plenum at -10,+30 in Hy0 23 +0.6% FS

elev 525

vS022-dv39
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¢t-9

- Nominal
_ Cold Leg
Measurement Initial Length, Estimatedd
Identifier Location Description Calibration Range {in.) Uncertainty
Differential Pressure
{continued])
DP-SSP-EL525 In separated steam plenum from elev 525 -25,+75 in H50 25 +0.6% FS
to elev 550
DP-SSP-EL550 In separated steam plenum from elev 550 -25,475 in Hy0 45 +0.6% FS
to elev 595
'DP-SSP-EL595 In plenum from elev 595 to dryer inlet -25,+75 in Hy0 27 +0.6% FS
at elev 622
OP-DRY-EL622 Dryer inlet elev 622 to outlet at -450,+150 in H0 90 +0.6% FS
elev 712 . . :
DP-JP1-EL140 In jet pump No. ) tailpipe from elev 140 -50,+150 in M50 44 +0.6% FS
to elev 184 .
DP-JP2-EL140 In jet pump No. 2 tailpipe from elev 140 -50,+150 in Hp0 44 +0.6% FS
. * to elev 184
DP-JP1-EL1IB4 In jet pump No. 1 tailpipe from elev 184 -50,+150 in H0 40 +0.6% FS
to elev 224
DP-JP2-EL184 In jet pump No. 2 tailpipe from elev 184 -50,+150 in Hp0 40 +0.6% FS
to elev 224
DP-JP1-EL224 In jet pump No. 1 from elev 224 to tail- -100,+300 in Hy0 63 +0.6% FS
pipe inlet at elev 287
DpP-JP2-EL224 In jet pump No. 2 from elev 224 to tail- -100,+300 in H,0 63 +0.6% FS
pipe inlet at elev 287 :
DP-JP1-EL297 In jet pump No. 1 mixer from outlet at 10 +0.6% FS

elev 297 to inlet at elev 307

-25,+75 in Hy0

¥5022-d¥39
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OF -HFWL-71

0,400 in Hy0

TABLE B-3. (continued) .
Nominal
Cnld Ley
Measurement Initial Length, Estimated®
Identifier Location Description Calibration Range {in.) Uncertainty
Differential Pressure -
(continued)
DP-JP2-EL297 In jet pump No. 2 mixer from outlet at -25,%75 in Hp0 10 +0.6% FS
elev 297 to inlet at elev 307
OP-DC1-EL3IN In downcomer on jét pump No. 1 side of -7.5,422.5 in H,0 5 +0.6% FS
baffle to above baffle at elev 316
0P-DCJ2-EL311 In downcomer on jet pump No. 2 side of -7.5,+22.5 in Hy0 5 +0.6% FS
: baffle to above baffle at elev 316 :
DP-FUELZ-C16 From jet pump No. 1 tailpipe at elev 149 -379.0,-187.1 in Hy0 437 +0.6% FS
. to dryer skirt at elev 586
DP-WR-C38 From bypass at top of heated length, =217.5,-62.9 in H0 228 +0.6% FS
elev 358, to dryer skirt at elev 586
DP-NR-C50 From elev 509 in dryer skirt to elev 586 -66.1,-23.9 in Hp0 77 +0.6% FS
in skirt
DP-UPSET-C51 From elev 509 in dryer skirt to elev 796 -290.7,-164.2 in Hp0 287 +0.6% FS
. in steam dome :
DP-SHTDON-C52 From elev 509 in dryer skirt to elev 796 -298.8,+97.2 in H,0. 287 +0.6% FS
in steam dome (redun)
DP-SUP-24 Suppression tank liquid level -25,+75 in Hy0 --C
DP-FWT-74 Feedwater tank liquid level 0,200 in Hy0 +0.6% FS
DP-FWS-76 Demineralized water tank lfquid leve) -25,+75 in Hy0 +0.6% FS
above outlet nozzle )
Hot feedwater flow, line 304 0 --¢

$5022-4dv39
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TABLE 8-3. (continued)

Nominal
Cold Leg
Measurement Initial Length, Estimated?
Identifier _Location Description Calibration Range (in.) Uncertainty
Differential Pressure
{continued)

DF-CFWL-72 Cold feedwater flow, line 301 0,400 in H0 0 --C

DF-RCIC-73 Reactor core isolation cooling flow, 0,300 in 1,0 0 -:¢
tubing line 310

‘DF-LPJ-ANY Lower plenum downflow annubar at elev 070 -25,%25 in Hp0 0 --C

DF-LPB-AN2 Lower plenum upflow annubar outside guide - -25,425 in Hp0 0 --C
tube at elev 172 )

DF-CORIN-AN3 Core inlet flow annubar above side entry -75,475 in H20 0 --C
orifice at elev 199

DF-DC-AN4 Downcomer flow annubar at elev 361 -30,+30 in Hp0 0 --c

DF -SN-ANS Standpipe flow annubar at elev 450 -75,%75~in Hy0 0 --C

DF -JP1-AN6 Jet pump No. 1 tailpipe outlet flow -150,+150 in Hy0 0 --¢
annubar at elev 142

DF-JP2-AN? Jet pump No. 2 tailpipe outlet flow -150,+150 in Hy0 0 --C
annubar it elev 142

OF-LPB/J-ANS Upper crossover flow annubar at elev 130 -25,425 in Hy0 0 --C

DF-JP1-DIFF In jet pump No. 1, diffuser inlet -1387.4,+388.2 in H0 10° --C
(elev 297) to outlet (elev 287)

DF-JP2-DIFF In jet pump No. 2, diffuser inlet -1387.4,+388.2 in Hy0 10 --C
(elev 297) to outlet (elev 287)

DF-DC-0ROT -Downcomer reference orifice plate at 0,400 in Hy0 2 --C

elev 336 to 338

¥5022-dv39
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TABLE B-3. (continued)

Nominal
Cold Ley
Measurement Initial Length, Estimated®
Identifier Location Description Calibration Range {in.) Uncertainty
Differential Pressure -
(continued)

DF-LP/GT-CO1 At elev 044 from inside guide tube to -150,+150 in Hy0 0 --¢
outside guide tube in lYower plenum

DF-LPDC-CYI From Yower plenum below jet pumps at . -500,+250 in W20 9 +0.6% FS
elev 124 to downcomer outside JP at i
elev 133

DF-LPB/J-C12 At elev 124 from lower plenum below jet -150,+150 in H,0 0 +0.6% FS

. pumps to same below bundle

DF-LPJP2-C13 From lower plenum below jet pumps at . =300,+300 in H,0 16 +0.6% FS
elev 124 to jet pump No. 2 tailpipe
at elev 140

DF-LPJP1-C14 From lower plenum below_jet pumps at =300, +300 in Ho0 16 +0.6% FS
elev 124 to jet pump No. 1 tailpipe .

v at elev 140

DF-BP/LP-C19 At elev 190 from lower plenﬁm to bypass -10,+30 psid 0 --C
above guide tube :

OF -GT/BP-C20 From inside guide tube at elev 186 to -200,+200 in Hy0 4 +0.6% FS
bypass above guide tube at elev 190

. DF -CORIN-C2) At elev 196 from upstream to downstream -300,+300 in Hy0 0 --C

sides of side entry orifice '

DF-BU/B1-C22 In bundle aboVe nosepiece at elev 205 ~50,+150 in Hy0 4 +0.6% FS
to begin of heated length at elev 209

DF-BU/BP-(23 -300,+300 in Hy0 0 --C

At elev 209 from inside to outside
channel '

v5022-dv39
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TABLE B-3. (continued)

Nominal
B Cold Leg b
Measurement ) Initial Length, Estimated
Identifier Location Description Calibration Range {in.) Uncertainty
Differential Pressure '
{continued]
DF-BDLPD-C24 from lower plenum at side entry orifice, -10,+30 psid 176 +0.6% FS
elev 196, to bypass at top of channel,
elev 372 . .
OF-DCJP2-C30 From downcomer at elev 311-to jet pump -150,+150 in H,0 4 $0.6% S
. No. 2 mixer at elev 307
DF-DCIP1-CH from downcomer at elev 311 to jet pump -75,475 in Hy0 4 +0.6% FS
No. 1 mixer at elev 307 '
DF-JPZDL-CJJ From jet pump No. 2 drive line at vessel -1000, +1000 psid 0 +0.6% FS
to mixer at elev 307
DF-JP1DL-C34 From jet pump No. 1 drive line at vessel -1000, +1000 psid (I :O.Sx.FS'
. to mixer at elev 307 |
DF-UP/BU-C35 From inside channel at elev 368 to -50,+150 in Hy0 : 4 t0.0% FS
outside channel at elev 372
DF-UP/BU-C37 In bypass outside channel across tie -30,+90 in Hy0 4 +0.0% FS
plate from elev 368 to elev 372 ]
DF-SP/UP-C42 From upper plenum at elev 421 to inside -600,4+200 in H,0 26 +0.6% FS
standpipe at elev 447
DF-SP/DC-C49 At elev 502 from inside to outside -30,+30 psid , 0 +0.6% FS
standpipe ’
DF-SWIRL-C54 At separator inlet across swirl vane =300, +300 in Hy0 6 +0.6% FS
from elev 525 to elev 531 .
DF -DS /SM-C62 From steam manifold at elev 626 to -75,475 in Hy0 4 +0.6% FS

dryer skirt at elev 622

p5022-dv39



L1-9

TABLE B-3. (continued)

Nominal
Cold Leg
Measurement ) Initial Length, Estimated?
Identifier Location Description Calibration Range {in.) Uncertainty
Differential Pressure
(continued)
DF-DR/SD-C70 At elev 712 from inside to outside dryer =75,+75 in Hp0- .0 +0.6% FS
DF-SRvV-01 Across restricting orifice upsteam of 0,1000.psid --C
SRV-01 )
DF-SRV-02 Across restricting orifice upsteam of ' 0,1000 psid --C
. SRV-02
DF-SRV-03 Across restricting orifice upsteam of 0,1000 psid --¢
’ SRV-03 :
DF -SRY-04 Across restricting orifice upsteam of 0,1000 psid --C
SRv-04
DF-SRV-05 Across restricting orifice upsteam of 0,1000 psid --C
SRV-05
DF-SL-06 Steam flow orifice, line 401 -10,+30 psid --¢
DF-L1D0-N Recirc Yoop No. 1 flow orifice, line 102 0,+150 in Hp0 --C
DF-L2D-21 Recirc loop No. 2 flow orifice, line 201 0,+150 in Hp0 --¢
DF-BDS-20 Recirc loop No. 2 suction line break 0,1000 psid 0 --C
: flow .
~ DF-BDD-23 Recirc loop No. 2 drive line break flow -10,+30 psid 0 --C
DF -HPCS-41 High pressure core spray flow orifice, 0,200 in Hy0 0 --C
line 501
DF-LPCS-51 Low pressure core spray flow orifice, 0,300 in H,0 0 -.C
line 502
" DF-LPCI-61 Low pressure coolant injection flow 0,300 in Hy0 0 --¢

orifice, line 503

¥5022-dY¥39
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TABLE B-3. (continued)

Measurement Estimated?
Identifier Location Description Calibration Range Uncertainty
Miscellaneous
1-BUNDLE-0 Bundle electrical current -.05,+50 kamp --
V-BUNDLE-0 Bundle voltage -.05,+160 volt --
V-CH-EL209 Voltage on channel at elev 209 -.05,4160 volt --
V-CH-EL362 Voltage on channel at elev 368 -.05,+160 volt .-
KW-BUNDLE-O Bundle power .5, 7200 kw +7 Kw £0.5%
of reading
TF-LPJ-RTDM In tower plenum down flow at elev. 044 60, 800°F +4°F
TF-DC-RTD2 In downcomer between feedwiter nozzle 60,800°F +4°F
and dryer skirt at elev. 498 .

N-PUMP1-10 Recirc Loop No. 1 pump speed 0,4000 rpm --
N-PUMP2-20 Recirc Loop No. 2 pump speed 0,4000 rpm --
00-L25-20 Récirc Loop No. 2 suction line 204 drag -10,+10 MV --

force ’
DD-L25-21 Recirc Loop No. 2 suction line 202 drag -10,+10 MV --

force.
TM-1.25-20 Recirc Loop No. 2 suction line 204 0,.12 cfs --

turbine meter flow '
TM-L25-21 Recirc Loop No. 2 suction line 202 0,.12 cfs --
: turbine meter flow
GD-BU-EL225 At elev 225, average fluid density along 0,62.4 1b/ft3 --

east-west path one row north of center-

line
GD-BU-EL286 At elev 286, average fluid density along 0,62.4 1b/ft3 --

east-west path one row north of center-
line

v5022~-d¥39
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TABLE B-3. (continued)

Measurement - Estimated?
Identifier Location Description Calibration Range Uncertainty
Miscellaneous
{continued)
GD-BU-EL290 At elev 290, average fluid density along 0,62.4 Tb/ft3 --
east-west path one row north of center-
line ’
GD-BU-EL346 - At elev 346, average fluid density along 0,62.4 1b/ft3 --

Valve Position

PO-L15-10
PO-L1D-11
PO-LZb;ZI
PO-BDS-22
PO -8DD-23
PO-SL-06
PO-L1/FHT-17
PO-SD/FWT-77"

PO-L25-20

east-west path one row north of center-
line -

Stem position of valve 664 in recirc loop
No. 1 suction line 105 :

Stem position of valve 1 in recirc loop
No. 1 driveline 102

Stem position of valve 8 in recirc loop
No. 2 driveline 208

Stem position of valve 2 in recirc loop
No. 2 suction blowdown line 206

Stem position of valve 10 in recirc loop
No. 2 drive blowdown line 203

Stem position of valve 601 in steam
1ine 401

Stem position of valve 611 in feedwater
return line 103

Stem position of valve 607 in vent
line 308

Stem position of valve 614 in recirc loop
No. 2 suction line 205

-.98,+.98 in
-.98,+.98 in
-.98,+.95 in
-.98,+.98 iﬁ
-.98,+.98 in
-.98,+.98 in
-.98.*.9& in
-.98,+.98 in

-.98,+.98 in

¥5022-dv39
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TABLE B-3, (continued)

Measurement Estimated?
Identifier Location Description Calibration Range “Uncertainty
Valve Position
{continued] _
PO-SRV-01 Stem position of valve 602 in steam -.98,+.98 in --
line 401
PO-SRV-02 Stem position of valve 603 in steam ©..98,+.98 in --
line 401
PO-SRV-03 Stem position of valve 604 in steam -.98,+.98 in --
line 401 i
PO-SRV-04 Stem position of valve 605 in steam -.98,+.98 in -~
line 401 i :
PO-SRV-05 Stem position of valve 606 in steam ' -.98,+.98 in -~
: line 401 )
Conductivity
CP-LPB-ELO4A In lower plenum upflow, outside guide tube 0,8000 mv --
CP-LPB-ELO8BS In lower plenum upflow, outside guide tube 0,8000 mv --
CP-LPB-ELY30 At centerline of upper crossover in upflow 0,8000 mv --
outside guide tube .
CP-LPB-EL1S7 In lower plenum upflow, outside quide tube 0,8000 mv --
CP-LPB-EL194 " In lower plenum just upstream of side 0,8000 mv --
’ entry orifice inlet
" CP-LPB-EL196 In lower plenum at centerline inlet of 0,8000 mv --
side entry orifice
CP-LPJ-ELO32 - At centerline of lower crossover in flange 0,8000 mv --
CP-LPJ-ELOSS In lower plenum downflow 0, 8000 mv --
CP-LPJI-ELII At jet pump No. 1 tailpipe outlet 0,8000 mv ' --

vS022-dv39
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TABLE B-3. (continued)

Measurement
Identifier

Location Description

Calibration Range

Estimatedd
Uncertainty

Conductivit
{continued)

CP-LPJ2-ELI3I
CP-GT-EL144
CP-BU-EL372
CP-BUIN-E205

CP-BP-EL190
CP-BP-EL205
CP-BP-EL36)

CP-UP-EL379
CP-UP-EL400
CP-UP-ELA24
CP-SP-EL502

CP-SSP-EL622

CP-DC-EL160
CP-DC-EL167

cp-pC-ELIT72

At jet pump No. 2 tailpipe outlet
In guide tube
Inside channel above upper tie plate

Inside bundle inlet above nosepiece, below
lower tie plate

In bypass above guide tube top
In bypass below lower tie plate

In bypaés above LPCI inlet & above top of
heated length

In upper plenum below LPCS inlet
In upper plenum above HPCS inlet

In upper plenum at inlet to standpipe

- In standpipe below dryer skirt outlet,

separator inlet
In separated steam plenum at dryer inlet

In downcomer outside jet pumps below
recirc -1oop suction nozzle

In recirc loop suction line at downcomer
flange

In downcomer outside jet pumps above
recirc loop suction nozzle

0,8000 mv
0, 8000 mv
0,8000 mv

0,8000 mv

- 0,8000 mV

0, 8000 mV

0, 8000 mV

0,8000 mV
0, 8000 mV
0,8000 mv

0,8000 mV

0, 8000 mv

0,8000 mV
0,8000 mv

0,8000 mV
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outlet nozzle

TABLE B-3. (continued)
Measurement o Estimatedb
Identifier Location Description Calibratiorn Range Uncertainty
Conductivity
(continued)
CP-DC-EL180 In_downcomer outSidevjet pumps above 0,8000 mV --
recirc loop suction nozzle .
CP-DC-EL302 In downcomer outside jet pump mixers 0,8000 mV --
below recirc loop drive nozzle
cP-DC-EL316" In downcomer just above jet pumps 0,8000 mV --
CP-DC-EL377 In downcomer at BWR level 1 0,8000 mV --
CcP-DC-EL490 In downcomer, above feedwater connection 0,8000 mV --
CP-DCJ1-E309 In downcomer at jet pump No. 1 mixer inlet 0,8000 mV --
Cp-DCJ2-E309 In downcomer at jet pump No. 2 mixer inlet 0,8000 mV -~
CP-DS-ELS3) In dryer skirt at BWR level 3 0,8000 mV --
CP-DS-EL5KS3 In dryer skirt at BWR level 4 0,8000 mV --
CP-DS-ELSS7 In dryer skirt at BWR normal level 0, 8000 mV --
CP-DS-EL561 In dryer skirt at BWR level 7 0,8000 mV --
CP-DS-ELS76 In dryer skirt at BWR level 8 0,8000 mV --
CP-DS-ELB13 In dryer skirt between separator outlet, 0, 8000 ‘mv --
dryer inlet
CP-SM-EL633 In steam manifold below the steam line 0,8000 mv --
_ nozzle
CP-SM-EL636 In steam manifold at center of steam line 0,8000 mV --
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TABLE B-3. (continued)

Measurement : Estimatedb
Identifier Location Description Calibration Range Uncertainty
Conductivit
{continued)
CP-SM-EL640 In steam manifold above steam line nozzle 0,8000 mV --
CP-SM-EL660 In steam manifold 0,8000 mV --
CP-JP1-EL18O In jet pump No. 1 tailpipe 0, 8000 mv --
CP-JP2-EL180 In jet pump No. 2 tailpipe 0,8000 mV --
CP-DC-EL166 In recirc loop suction line at vessel 10,8000 mv --
. flange i .
CP-DC-ELY67 In recirc loop suction line at vessel 0,8000 mv --
flange
Wall Temperature
TW-LPB-ELO4T7 At bottom of lower plenum upflow pipe 60,800°F +4°F
TW-LPB-ELIOS Midway up lower plenum upflow pipe 60,800°F +4°F
Q TW-LPB-EL157 In lower plenum pipe wall above upper 60, 800°F +4°F
crossover
TW-LPJ-ELOGS In lower plenum downflow pipe 60, 800°F +4°F
TW-LPJ-ELIOS Midway down lower plenum downflow pipe 60,800°F +4°F
TW-UP-EL390 In upper plenum pipe wall between HPCS, 60, 800°F +4°F
LPCS nozzle :
TW-UP-ELA2) > In upper plenum pipe wall at inlet to 60, 800°F +4°F
standpipe
TW-SD-EL717 In steam dome pipe wall above top of dryer  60,800°F +4°F
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TABLE B-3, (continued)}

Estimated® -

Measurement
Identifier Location Description Calibration Range Uncertainty
Wall Temperature
{continued)

TW-DC-EL220 In downcomer pipe wall midway along jet 60, 800°F $+4°F

pump tailpipe
]

TW-DC-EL358 In downcomer pipe wall at top of heated 60,800°F +4°F
core length elev.

Tw-DC-EL498 In downcomer wall above feedwater nozzle 60, 800°F +4°F

TW-BP-EL240 In pressure vessel wall in core region 60,800°F +4°F

TW-BP-EL320E In pressure vessel wall in core region, 60, 800°F +4°F
east side

TW-BP-EL320W In pressure vessel wall in core région. 60, 800°F +4°F
west side ' :

TW-CH-235-N ln'channel wall, north side 60, 800°F A24°F

TW-CH-235-W In channel wall, west side 60, 800°F +4°F

TW-CH-295-N In channel wall, north side 60, 800°F +4°F

TW-CH-295-W In channel wall, west side 60, 800°F +4°F

TW-CH-355-N In channel wall, north side between LPCI, 60, 800°F +A°F
top of heated length

Tw-CH-355-W In channel wall, west side between LPCI, 60, 800°F +4°F
top of heated length

TH-SEP-EL613 In vessel wall between separator outlet, 60, 800°F T +4°F

dryer inlet
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TABLE B-3. (continued)
Measurement Estimatedd
Identifier Location Description Calibration Range Uncertainty
Fluid Temperature

TF-LPB-ELO44 At bottom of Jower plenum upflow outside 60, 800°F +4°F
guide tube

TF-LPB-EL1I05 Midway up lower plenum outside guide tube 60, 800°F +4°F

TF-LPB-EL124 In lower plenum upflow below upper 60, 800°F +4°F
crossover, outside guide tube

TF-LPB-ELY3S In lower plenum upflow above upper 60, 800°F +4°F
crossover, outside guide tube

TF-LPB-EL1ST In Yower plenum upflow above upper 60, 800°F +4°F
crossover

TF-LPB-EL194 In lower plenum just upstream of side 60,800°F +4°F
entry orifice inlet -

TF-LPJ-ELO44" In lower plenum downflow at elev 044 60, 800°F +4°F

TF-LPJ-ELOG4 ‘In lower plenum downflow 60, 800°F +4°F

TF-LPJ-EL10S Midway down lower plenum downflow 60, 800°F +4°F

TF-LPJ-ELI24 In lower plenum downflow at jetv pump 60, 800°F +4°F
outlets

TF-GT-ELOAT In guide tube near bottom 60, 800°F +4°F

TF-GT-ELO94 In guide tube part way up 60, 800°F +4°F

TF-GT-EL 141 In guide tube above upper crossover 60, 800°F t4°F

TF-GT-EL180 In guide tube near top 60, 800°F 14°f

TF-CORIN-201 In bundle inlet, below nosepiece 60, B00O°F +4°F
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TABLE B-3. (continued)

Measurement

Identifier

Location Description

Calibration Range

Estimated®
Uncertainty

Fluid Temperature

[continued)

TF-BU-368-1
TF-BU-368-2
TF-BU-EL372
TF-BP-EL190
TF-BP-EL21)
TF-BP-EL240

" TF-BP-EL280

TF-BP-EL320
TF-BP-368-1
TF-BP-368-2
TF-UP-EL372

TF-UP-EL379

TF-UP-EL390

TF-UP-EL42)
TF-SEP-ELS3N
TF-SSP-EL622
TF-SP-EL465

lnvbundle‘below upper tie plate

In bundie below upper tie plate
Inside channel above upper tie plate
In bypass above top of guide tube

In bypass above lower tie plate

In bypass at elev 240

In bypass'at elev 280

In bypass at elev 320

In bypass below upper ﬁie plate

In bypass below upper tie plate

In bypass outside channel above upper

tie plate
In upper plenum below LPCS inlet

kn upper plenum between LPCS, HPCS
nozzles '

In upper plenum at standpipe inlet
In separator inlet
In separated steam plenum at dryer inlet

In standpipe between inlet and feedwater
conn. to downcomer

60,800°F
60,800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F

60, 800°F
60,800°F

60, 800°F
60, 800°F
60, 800°F
60,800°F
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TABLE B-3. (continued)

Measurement Estimatedd
Identifier Location Description Calibration Range Uncertainty
Fluid Temperature
{continued)
TF-DC-EL133 'At bottom of downcomer outside jet pumps 60, 800°F +4°F
TF-DC-EL184 In downcomer outside jet pumps, above 60,800"!-' +4°F
. recirc suction line nozzle

TF-DC-EL220 In downcomer outside jet pumps 60, 800°F - +4°F

TF-DC-'EL30'2_ In dovmgomer outside jet pump mixers 60, 800°F +4°F
below recirc loop drive nozzle.

TF-0C-EL316 In downcomer just above Jet pumps 60, 800°F +4°F

TF-DC-EL358 In downcomer at top of heated core length 60, 800°F +4°F
elev ’ .

TF-DC-EL390 In downcomer at expansion joint outlet 60, 800°F +4°F

TF-DC-EL447 In downcomer, main vessel at expansion 60, 800°F +4°F
Joint inlet

TF-DC-ELA6SE In downcomer below feedwater connection, 60,800°F +4°F
east side

TF-DC-ELA6SW In downcomer. below feedwater connection, 60.800°F +4°F
west side

TF-DC-RTD2 In downcomer between feedwater nozzle and 60, 800°F +4°F
dr,yer skirt at elev 498

TF-DS-EL550 Midway up dryer skirt 60, 800°F +4°F

TF-DS-EL622 - At dryer skirt inlet 60, 800°F +4°F

TF-SD-EL717 In steam dome above dryer outlet 60, 800°F +4°F

TF-SD-EL792 At top of steam dome 60, 800°F :4°F

TF-JP1-EL140 In jet pump No. 1 tailpipe near outlet 60, 800°F +4°F
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(64

1ABLE B-3. (continued)
Measurement EstimatedP
Identifier Location Description Calibration Range Uncertainty
Fluid Temperature
Tcontinued)
TF-JP2-EL140 In jet pump No. 2 tailpipe near outlet 60, 800°F +4°F
TF-0P1-EL220 In jet pump No. 1 midway along tailpipe 60,800°F +4°F
TF-JP2-EL220 . In jet pump No. 2 midway along tailpipe 60, 800°F +4°F
TF-J0P1-EL285 In jet pump No. 1 at tailpipe inlet 60,800°F +4°F
TF-JP2-EL285 In jet pump No. 2 at tailpipe inlet 60, 800°F +4°F
T1-LPB-CTCY Lower plenum low flow probe at elev 147 60, 800°F +4°F
T2-LPB-CTC} Lower plenum low flow probe cooliﬁg water 60, 800°F +4°F
inlet
T3-LPB-CTCY Lower plenum Yow flow probe cooling water 60, 800°F t4°F
outlet _
T1-BUIN-CTC2 Core inlet low flow probe at elev 204 60, 800°F +4°F
. between nosepiece, lower tie plate
T2-BUIN-CTC2 Core inlet flow probe cooling water inlet 60, 800°F +4°F
T3-BUIN-CTC2 Core inlet flow probe cooling water outlet  60,800°F +4°F _
T1-8P-CTC3 Bypass flow probe at elev 211 above lower 60, 800°F +4°F
tie plate
T2-8P-CTC3 Bypass flow probe cooling water inlet 60, 800°F +4°F
T3-BP-CTC3 Bypass flow probe cooling water outlet ' 60,800°F +4°F
TF-CFWL-72 " Cold feedwater line 301 at measuring 60, 800°F +4°F
orifice :
TF-FWT-75 Feedwater tank steam’space 60, 800°F +4°F

¥5022-dv39



6¢-9

TABLE B-3. (continued)

Measurement
Identifier

Estimatedb
Uncertainty

“Fluid Temperature
Tcontinued)

TF-FWT-74
TF-FWL-70
TF -HFWL-7]
TF -HPCS-40
TF -HPCS-4)
TF-LPCS-51
"TF-LPCI-60
TF-LPCI-61
TE-L10-11

TF-L20-20
TF-L20-21

TF-B0D-23
TF-8DS-22

Location Description

Hot feedwater line 305 at feed pump
discharge

Vessel feedwater line 309 downstream of
mixing point

Hot feedwater line 304 at measuring -
orifice

HPCS injection line between vessel and
check valve V421 i

HPCS injection Yine 501 at measuring
orifice

LPCS delivery line at measuring orifice
between valves 462, 464

LPCI injection between vessel and check
valve V510

LPCI injection line 503 at measuring
orifice ’

Recirc Yoop No.. 1 drive line 102 at
measuring orifice

Recirc loop No. 2 suction line 204

Recirc loop No. 2 drive line 201 at pump
discharge

Recirc loop No. 2 blowdown drive line

Recirc loop No. 2 blowdown suction
line 206

Calibration Range

60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F
60, 800°F

60, 800°F
60, 800°F

60, 800°F
60, BOO°F

+4°F

+4°F

+4°F

+4°F

+4°F

+4°F

+4°F

+4°F

£4°F

+4°F

+4°F

+4°F

+4°F
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TABLE B-3. (continued)

Measurement Estimatedl
Identifier Location Description Calibration Range Uncertainty
Fluid Temperature
Tcontinued)
TF-SUP-24 Suppression tank near bottom 60, 800°F +4°F
TF-SL-01 Steam 1ine 401 at measuring orifice 60, 800°F +4°F
T-CABLE-1 Temperature of bundle transmission 60, 800°F +4°F
: power cable No. 1
T-CABLE-2 Temperature of bundle transmission 60, 800°F +4°F
_ power cable No. 2
T-CABLE-3 Temperature of bundle transmission 60, 800°F +4°F
power cable No. 3 _
Heater Rod Temperature
TC-01-77-0179 T/C located southeast side of rod 100,1897°F +0.8%
: of reading
TC-01-77-097 T/C located southeast side of rod 100,1897°F +0.8%
of reading
TC-01-77-128 T/C located southeast side of rod 100, 1897°F +0.8%
of reading
TC-03-77-081 T/C located northwest side of rod 100, 1897°F 30.8%
of reading
1C-03-77-101 T/C located northwest side of rod 100, 1897°F +0.8%
. of reading
TC-03-77-113 T/C located northwest side of rod 100,1897°F +0.8%
of reading
TC-03-77-121 T/C located northwest side of rod - 100, 1897°F +0.8%

of reading

v5022-dv39



Le-9

TABLE B-3. (continued)

Measurement ) Estimategb
Identifier Location Description Calibration Range Uncertainly
Heater Rod Temperature '
{continued)
7C-03-77-133 T/C Yocated northwest side of rod 100,1897°F +0.8%
of reading
1C-04-78-048 T/C-located southeast side of rod 100, 1897°F +0. 8%
. of reading
1C-04-78-117 T/C located southeast side of rod - 100,1897°F +0.8%
of reading
TC-04-78-137 T/C located southeast side of rod 100, 1897°F +0.8%
of reading
TC-05-78-048 T/C located southwest side of rod 100,1897°F +0.8%
: ) of reading
TC-05-78-069 T/C located southwest side of rod 100,1897°F +0.8%
. of reading
1C-06-77-128 T/C located northwest side of rod -100,1897°F £0.8%
’ ' of reading
TC-06-77-141 T/C located northwest side of rod 100, 1897°F +0.8%
: ’ of reading
1¢-07-77-048 T/C Yocated southwest side of rod 100, 1897°F +0.8%
of reading
TC-07-77-069 T/C located southwest side of rod 100, 1897°F +0.8%
: . of reading
TC-07-77-097 T/C Yocated southwest side of rod 100, 1897°F +0.8%
of reading
T1C-07-77-105 T/C located southwest side of rod 100, 1897°F +0.8%

of reading -
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located

TABLE B-3. (continued)
Measurement : } Estimated®
Identifier Location Uescription Calibration Range Uncertainty
Heater Rod Temperature
Tcontinued]
1C-08-77-097 T/C located southwest side of rod 100, 1897°F +0.8%
’ of reading
T7C-08-77-128 T/C located southwest side of rod 100,1897°F +0.8%
of reading
TC-08-77-137 T/C Yocated southwest side of rod -100,1897°F . +0.8%
. of reading
TC-09-77-033 T/C located southeast side of rod 100, 1897°F +0.8%
of_  reading
. TC-09-77-069 T/C Yocated southeast side of rod 100, 1897°F +0.8%
of reading
TC-10-78-008 T/C Yocated southeast side of rod 100,1897°F +0.8%
of reading
TC-10-78-088 T/C located southeast side of rod 100,1897°F +0.8%
) of reading
1C-10-78-117 T/C located southeast side of rod 100, 1897°F +0.8%
of reading
1C-11-76-057 T/C Yocated southeast side of rod 100, 1897°F +0.8%
of reaaing
1C-11-76-077 T/C located southeast side of rod 100,1897°F +0.8%
of rcading
1C=11-76-097 T/C Yocated southeast side.of rod 100, 1897°F +0.8%
of reading
TC-11-76-117 T/C southeast side of rod 100, 1897°F +0.8%

of reading

¥502¢2-dv39



£€€-9

TABLE B-3. (continued)
-Measurement . Estimatedd
ldentifier Location Description Calibration Range Uncertainty
Heater Rod Temperature
{continued)
TC-11-76-137 T/C located southeast side of rod 100, 1897°F +0.8%
. . of reading
1-12-77-033 T/C located southeast side of rod 100, 1897°F £0.8%
of reading
TC-12-77-105 T/C located southeast side of rod 100, 1897°F +0,8%
of reading
TC-13-77-117 T/C located southwest side of rod 100, 1897°F +0.8%
: of reading
TC-13-77-137 T/C located southwest side of rod 100, 1897°F +0.8%
: of reading
“TC-14-76-008 T/C located southwest side of rod 100, 1897°F _ +0.8%
of reading
TC-14-76-033 T/C located southwest side of rod 100, 1897°F +0.8%
of reading
1C-17-77-033 T/C located northwest side of rod 100, 1897°F +0.8%
of reading
TC-17-77-057 T/C located northwest side of rod 100, 1897°F +0.8%
of reading
TC-17-77-077 T/C located northwest side of rod 100, 1897°F +08%
of reading
TC-18-76-052 T/C located southeast side of rod 100, 1897°F 10,8%
' of reading
TC-18-76-069 T/C located southeast side of rod 100, 1897°F +0.8%

of reading
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TABLE B-3. (continued)

Measurement
Identifier

Location Description

Calibration Range

Estimated?
Uncertainty

Heater Rod Temperature

(continued)
7C-18-76-105

TC-18-76-141
TC-19-78-008
7C-19-78-048
TC-20-78-017
TC-20-78-048
TC-21-78-069
TC-21-78-088
1C-22-78-057
1C-22-78-077
1C-22-78-097

TC-25-78-008

T/C

‘T/C

T/C

T/C

T/C

T/C

T/C

T/C

T/C

T/C

1/C

T/C

located southeast side

Tocated
located
located
Tocated
located
located
Tocated
located
located
locatg&

located

southeast
southeast
southeast
southeast
southeast
southwest
southwest
southwest
southwest
southwest

southeast

side

side

side

side

side

side

side

side

side

side

side

of

of

of

of

of

of

of

of

of

of

of

of

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

100,1897°F

100, 1897°F

100, 1897°F
100, 1897°F
100, 1897°F
100,1897°F
100.18§7°F
100, 1897°F
100, 1897°F
100, 1897°F
100, 1897°F

100, 1897°F

+0.8%
cf reading

+0.8%
of reading

+0.8%
of reading

+0.8%
of reading

+0.8%

of reading

+0.8%
of reading

+0.8%
of reading

+0.8%
of reading

+0.8%
of reading

10.8%
of reading

+0.8%
of reading

+0.8%
of reading
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ge-1

Measurement Estimated?
Identifier Locatfon Description Calibration Range Uncertainty
Heater Rod Temperature
(continued)

TC-25-78-137 T/C located southeast side of rod 100, 1897°F +0.8%
of reading

TC-26-77-040 T/C located southeast side of rod 100, 18Y7°F +0. 8%
of reading

1C-26-77-061 T/C located southeast side of rod 100, 1897°F +0,8%
: of reading

TC-26-77-081 T/C Yocated southeast side of rod 100, 1897°F 50.8%
of reading

1C-26-77-101 T/C located southeast side of rod 100, 1897°F +0.8%
: of reading

TC-26-77-113 T/C Yocated southeast side of rod 100, 1897°F +0.8%
) of reading

TC-29-77-033 T/C located southwest side of rod 100, 1897°F +0.8%
of reading

T1C-29-77-088 T/C located southwest side of rod 100,1897°F +0.8%-
: of reading

TC-29-77-105 T/C located southwest side of rod 100, 1897°F +0.8%
of reading

TC-33-78-077 T/C located northeast side of rod 100, 1897°F +0.8%
of reading

TC-33-78-088 T/C located northeast side of rod - 100,1897°F 0-0.8% of

reading
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TABLE 8-3. (continued)

Measurement Estimated?
Identifier Location Description Calibration Range Uncertainty
Heater Rod Temperature
{continued)

TC~33-78-097 T/C located northeast side of rod 100, 1897°F 0-0.8% of
reading

TC-33-78-105 T/C located northeast side of rod 100, 1897 °F 0-0.8% of
reading

TC-33-78-117 T/C located northeast side of rod 100, 1897°F 0-0.8% of
reading

TC-33-78-129 T/C lbcated northeast side of rod 100, 1897°F 0-0.8% of
: reading

7C-34-77-008 T/C located northeast side of rod 100, 1897°F 0-0.8% of
reading

1C-34-77-017 T/C located northeast side of rod 100, 1897°F 0-0.8% of
) reading

TC-34-77-048 T/C located northeast side of rod 100, 1897°F 0-0.5% of
reading

TC-35-78-069 T/C located northeast side of rod 100, 1897°F 0-0.8% of
» ' reading

TC-36-77-017 T/C located southwest side of rod 100.1397°F 0-0.8X of
reading

TC-36-77-017 T/C Yocated southwest side of rod 100, 1897°F 0-0.8% of
reading

- TC-38-78-128 . T/C located northwest side of rod 100, 1897°F 0-0.8% of
reading

TC-38-78-I3Z T/C Yocated northwest side of rod 100, 1897°F 0-0.8% of

reading
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TABLE B-3. {continued)

Measurement
Identifier

" Location Description

Calibration Range

Estimatedd
Uncertainly

Heater Rod Temperature

{continued)

TC-38-78-141
1C-39-77-033
TC-39-77-057
C-39-77-105
TC-40-78-088
1C-40-78-137
TC-46-78-017
Tc-45-7e-048
TC-46-78-057
TC-47-76-077
rc;47;7s-097‘

TC-47-76-117

T/C located

T/C located

* T/C located

T/C located

T/C located

© T/C located

T/C located

T/C located

T/C located

T/C located

T/C Yocated

T/C located

northwest
northwest
northwest
northwest
northeast
nﬁrtheast
northwest
northwest
northwest
northwest
northwest

northwest

side

side

side

side

side

side

side

side

side

side

side

side

of

of

of

of

of

of

of

of

of

of

of

of

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

rod

100,1897°F
100, 1897°F
100, 1897°F
100,1897°F

100, 1897°F

1100, 1897°F

100, 1897°F
100, 1897°F
100, 1897°F
100, 1897°F
100, 1897°F

100,1897°F

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading

0-0.8% of
reading
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TABLE B-3.

(continued)

Measurement
ldentifier

Location Description

Calibration Range

Heater Rod Temperature

{continued)

TC-49-77-069
TC-49-77-088
1C-53-77-020
TC-53-77-040

TC-53-77-061

TC-53-77-101

TC-53-77-121

TC-54-76-069

.TC-53-76-076

TC-54-76-088

TC-55-78-008

TC-55-78-033

T/C located

T/C

T/C

T/C

T/C

T/C

T/C

T/C

1/C

T/C

T/C

T/C

located

Tocated

located

located

located

located

loeated

located

located

located

located

northwest
northwest
northwest
nor&hwest
northwest
norihwest
northwest
northwest
northwest
northwest
northwest

northwest

side

side

side

side

side

side

side

side
side
gide
side

side

of

of

of

of

of

of

of

of

of

of

of

of

rod
rod
rod
réd
rod
rod
rod
rod
rod
rod
rod

rod

100,1897°F

100,1897°F

100,1897°F

100, 1897°F

100, 1897°F

100, 1897°F

100, 1897°F

100, 1897°F
100, 1897°F
100, 1897°F
100, 1897°F

100, 1897°F

Estimated?
Uncertainty

0-0.6% of
reading

+0.8% of
reading

+0.8% of
reading

+0.8% of
reading

+0.8% of
reading

10.8% of
reading

+0.8% of
reading

+0.8% of
reading

+0.8% of
_reading

+0.8% of
reading

+0.8% of
reading

+0.8% of
reading
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TABLE B-3. (continued)

£stimated®

Measurement :
ldentifier Location Description Calibration Range Uncertainty
Heater Rod Temperature
{continued) »

TC-55-78-076 T/C located northwest side of rod 100, 1897°F +0.84 of
reading

1C-57-77-117 T/C located northeast side of rod 100, 1897°F - -+0.8% of
. reading

TC-57-77-128 T/C located northeast side of rod 100,1897°F +0.8% of
reading

1C-62-77-077 T/C located southeast side of rod 100, 1897°F +0.8% of
reading

1C-62-77-117 T/C Yocated southeast side of rod 100, 1897°F +0.8% of
reading

"TC-64-77-017 T/C Yocated northwest side of rod 100, 1897°F +0.8% of
: reading

TC-64-77-097 T/C Yocated northwest side of rod 100, 1897°F +0.8% of
reading

TC-64-77-18) T/C located northwest side of rod 100, 1897°F +0.8% of
’ reading

1C-15-78-023 T/C located on electrode 100, 1897°F +0.8% of
reading

1C-43-~78-152 T/C located on electrode 100, 1897°F +0.8% of
reading

a. As of Decenber 1982, See individual test data for any changes for specific tests.

b. GEAP-24962-1, March 198).

¢. Flow measurement differential pressure.

Uncertainty is 0.6% of reading +0.05% of full scale.

d. Distance, in inches, ahove bottom of hcated length (which point is vessel elevation 208.56 in.}.
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TARLT R-A, PROCESS MEASUREMENTS

Meacurement
_ldentifier

Differential
Pressure

0PL-106
oP1-107
PP1-10R

Pi-109
or1-435

P1-436
or1-437
DP1-4R0
ori-ag)

oP1-525
0P1-526
ori-s527
F1S-791

Electrica) Current

11-800

Level
L1-165
L1-800
LI-700

LIc-7n

Lt-7n3

Name-Lncation

Loop No. 1 flow
Loop Non. 2 pump DP
Leoop No. | pump DP
Loop No. 2 flow
HPCS pump DP

HPCS supply line flow
HPCS delivery line flow
LPCS pump DP

LPCS supply line flow

LPCL. pump OP
LPCI supply line flow

LPCI delivery line flow
Feedwater return flow

Hot feedwater pump current

Suppression tank sight glass
ECC makeup tank sight glass

Operating level (DC etev 155 to SD
elev 790)

Test vessel level (feed
valve control)

Test vessel level (SSP elev 514 to SSP
elev 591)

Indicated
Rnnge

0-10 qpm
(0-100)x4 psid
(0-100)x4 psid
0-10 gpm
0-1000 psid

0-10 psid
0-10 psid
0-100 psid
0-10 psid
0-500 psid
0-10 psid

0-10 psid
L ater

0-20 amp

Later
Later

0-100

&/

Corresponding
Experimontal
Mpacyrement
10

DF-L10-11

DF-L20-21

DF -HPCS-41

"OF-LPCI-61

DP-SUP-24
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TARLE R-4,

(fontinyed)

Mracurement
_Lﬁf"“""[_

Leve! {continued)

L1-221
L1-750
L1-821
L1-823
L1-R2S
L1-827
L1-829

Pressure

1v-9

PI-100

P1-103
Pi-438
p1-48)
P1-528
PiIC-742
Pi-743
PIC-7173
PL1-775
Temperature

TR-131-115

Name-Location

reedﬁater heater level
Feedwater tank sfght alass
Fue) zone elev 1149-5R86
Shutdown elev 509-R20
Upset elev 509-820

Wide range elev 358-586

Narrow range elev 509-586

Vessel dome pressure, elev 770

Cold feedwager pump 6|scharge pressure
HPCS delivery line pressure»A

LPCS delivery line pressure

LPC! delivery Vine pressure

Steam dome pressure (valve control)
Test vessel pressure elev 770
Feedwater tank pressure {steam space)

Feedwater tank pressure (heaier control)

Loop No. 2 pump discharge fluid
temperature

Indicated

Range

0-100

none

-150 to 450 in
0-400 in

0-180 in
-160-60 in
0-60 in,

0-1500 psig
(Heise)

Later

0-1500 psig
0-1000 psig
0-1000 psig
900-1200 psig
900-1200 psig

"0-1500 psiq
© 0-1500 psig

0-600°F

Corresponding
fxperimental
Mrasurement

10

NP-FWT-74

OP-FULLZ-C16
DP-SHTDN-CS?2
NP-UPSET-CS!
OP-WR-C38
OP-NR-C50

PR-SL-01

PR-FWT-75

TF-L2D-21}
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TAMLE R-4, (Continued)

Measurement
_lponl!!ier

TR-131-116

TR-131-117

T1-132
T1-407
T1-456
T1-50)
T1-546
T1C-732
T1-780

Electrical Power

Wi-302
Wi-303
Wi-403
Wi-454
Wi-499

Wi-544

Name-Location

Temperature (continued)

Warmup return line flufd temperature

Loop No. ) Pump discharge fluld
temperature

Suppression tank fluid temperature
ECC makeup tank fluid temperature
HPCS delivery 1ine fluid temperature
LPCS delivery line fluid temperature
LPCI delivery Vine fluid temperature
Downcomer fluid temperature, elev 431

Feedwater tank fluid temperature

Recirc pump loop No. i power
Recirc pump loop No. 2 power
€ECC makeup tank heater power
HPCS pump power
LPCS pump power

LPCI pump power

Indicated
Range

0-600°F

0-600°F

300-600°F
200-700°F

0-100 Kw
0-100 Kw
0-150 Kw
0-80 Kw
0-40 Kw

0-40 Kw

forresponding

fxperimental
Mrasurement

1D

TF-L10-11

TF-SUP-24
TF-HPCS-41
TF-LPCS-51
TF-LPC1-61
rr-bc-ztaa7
TF-FWT-75
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Table Number

C-1

C-2

c-3

GEAP-22054

APPENDIX C
ENGINEERING DATA LIST

Name

Test Vessel and Facility
Equipment Elevations

Vessel Regional Volumes

Annubar and Orifice Flow
Calculation Constants
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TABLE C-1. TEST VESSEL AND FACILITY EQUIPMENT ELEVATIONS

Elevation
Location Description ) (in.)
TEST VESSEL? - f
Centerline of lower plenum bottom crossover pipe ‘ 31.81
Bottom of guide tube (inside) _ ' 43.62
Center]iné of lower plénum upper crossover pipe 129.56
Bottom of jet pumps | 131.47
Top of faciiity concrete pad (ground level) 148.0
Centerline of recircu]ation.loop suction line nozzles _ 166.57
Top of guide tube (inside) | ' 188.44
Center of side entry orifice 195.62>
‘Top of lower tie plate . 208.31
Bottom of heated length of.core - 208.56
Centerline of recircu]ation loop drive line nozzles - 305.0‘
Centerline of LPCI o 351.25
Top of heated length of core ' 358.56
Top of upper tie plate . | 370.56
BWR Level 1 | 376.56
Centerline of LPCS . 384.44
Centerline of HPCS 395.44
" Centerline of feedwater nozzle 483.00
BWR Level 2 490.40
BWK Level 3 ‘ \ 530.90
BWR Level 4 , 553.40
BWR normal level _ . ‘ 557.40
BWR Level 7 v 561.40
BWR Level 8 636.50
Centerline of steam line nozzle _ 636.50
Top of steam dome (ihéide) ' 796.43



GEAP-22054

TABLE C-1. (continued)

. Location Description

RECIRCULATION LOOPS AND SUPPRESSION TANK

Centerline of loop No. 1 pump suction
Centerline of joop No. 2 pump suction
Center of small break oriffce

Center of large break nozzle-suction line
Center of large break_orifice-drive line
dottom of suppression tank

Top of suppression tank

FEEDWATER HEATER AND PUMP

Bottom of heater vessel bottom flange
Centerline of feedwater outlet nozzle
Top of heater vessel top flange |
Center]ine of feed pump suction

STEAM LINE AND FLASH DRUM

Bottom of flash drum

Centerline of bleed line inlet nozzle
Centerline of steam line inlet nozzle
Centerline of SRV/ADS inlet nozzle
Top of flash drum

ECC AND DEMINERALIZED WATER

gottom of ECC makeup tank

Top of ECC makeup tank
CenterTine of HPCS pump suction
Centerline of LPCS pump suction
Centerline of LPCI pump suction

Bottom of demineralized water tank

Elevation

(in.)

-53 1/2
67 1/2
168
168

154 1/2

308 1/2
331 1/2
545

164

165
299
331 1/2
541
541.

220
268

165 1/2
157 172
157 1/2
170 1/2



GEAP-22054

TABLE C-1. (continued)

Elevation
Location Description ‘ (in.)
Top of demineralized water tank v ' 242
Centerline of cold feed pump (P-34) suction 165

Centerline of RCIC pump (P-33) suction \ 164 1/2

a. These test vessel elevations are also relative to the BNR/6 reference
~elevation, which is near the inside of the bottom of the BWR/6 vessel.
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TABLE C-2. VESSEL REGIONAL VOLUMES

Scaled BWR

FIST Volume Volume @
Nodal Region ‘gft3! gft3}
Lower plenum 3.24 3.22
Guide tubes 1.63 1.68
Jet pumps ‘ 0.42 0.26 .
Channel . 1.51 , 1.51
Bypass 1.07 - 1.05
Downcomer - 5.57 | - 5.69
Upper plenum o 1.50 1.50
Standpipe : 0.54 | 0.54
Separator ' 1.15 1.15
Steam aome _7.51 i _7.41

Total Volume 24.14 _ 24.01

" a. Standard BWR/6 Volume Divided by/624.
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TABLE C-3. ANNUBAR AND ORIFICE FLOW CALCULATION CONSTANTSa

o .

W-LPJ-  W-LP13-  W-CoRIN W-bBC- W-SP- W-JP1- W-JP1-  W-LPB/J
Constant AN) AN2 -AN3 AN4 ANS ANG AN7 ANB

)] 4,813 1.7 2.632 3.826 3.624 1.685 1.685 3.826
K8 0.7503 0.6259 0.7179 0.7432 0.7403 0.661" 0.673 0.7432
B ' 1.1106-2 9.260E-3 1.031E-2 1.086€-2 1.080-2 9,199E-3 9,199E-3 1.086t-2 -
Ao 0.9985 0. 9985 0.9985 0.9985 0.9985 0.9985 0.9985 0.9985
A) 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.589t-5
fo (reverse) 1.0 1.0 1.0 1.0 1.0 0.9017 0.8767 1.0
f1 (reverse) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
fo (forward) 1.012 1.0 1.0 1.014 1.014 1.023 ©1.023 1.014
f1 (forward)  0.531 8.0 8.0 0.536 0.536 0.527 0.527 0.536

W- W- W- W- W- W- W- W- W- W- W- W- W- W- W-
Constant DC-OR0)  LPCS-51  HPCS-41  LPCI-61 HFWL-71 CFWL-72  SL-06  RCIC-73  LID-1) L20-2) SRV-01 SRY-02_ _SKV-U3  _SKV-U4 _SRY-0Y
d 2.296 .466 0.408 0.395 0.900 0.574 1.885 0.1362 1.20 1.20 0.229 0.229 0.348 U.459  U.LUb
Ko - 0.649} 0.6259  0.6431  0.6000 0.6533  0.6569 0.6692 0.5974  0.868 0.868 0.6005  0.6004  0.600] 0.6017  0.6105
B 1.642€-2 1,549E-2 1.594€-2 1.485€-2 1.642€-2 1,642€-2 1.704E-2 1.483E-2 2.0€-2  2.0t-2 1.479E-2 1.479E-2 1.485t-2- 1.490E-2 1.512L-¢
Ao ©0.,9985  0.9985  0.9985  0.9985  0.9985  0.9985  0.9985  0.9985  0.9985  0.9985  0.9985  U.9985  0.9u85  U.YY85  U.YYBb
A) 1.927€-5 1.927€-S 1,927€-5 1.927E-5 1.927E-5 1,927€-5 1,927E-5 1.927E-5 1.927€~-5 1.927t-5 1.927€-5 1.927€-5 1.927t-5 1.927t-5 1.927t-5
A 9,956E¢2 2.731E+43 2.933E+2 1.949E+2 5.360E+42 4/044E+2 1,018E+3 1.0B2E+3 1.056+3  1.05£+3  1.597t+2 1.594E¢2 1.y55E+42 2.U89L+2 2.634E+2

a. Values listed are correct as of 10-8-82. Values derived from subsequent shakedown testing may be different.
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Table Number

D-1
u-2
D-3
D-4

D-4.
D-4.

- D-4.

D-5
- b-6

U-6.

‘D-6.

b-6.

b-6.

GEAP-22054

APPENDIX D
INSTALLED EQUIPMENT LIST

Name

Pumps
Motors
Vessels and Tanks
Valves
Remotely Operated Valves
Manual Valves
Relief Valves
Heater’Rods
Experiment Instrumentation

Sensors Having Individual
Calibrations

Siynal Conditfoning Equipment

Sensors Having Class-Common
Calibrations

Data Acquisition Equipment

D-3
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TABLE D-1. Pumps

$5022-dv39

Typical . : _ _
Operating Condition Suction Casing
Manufacturer Discharge .
Name and and Model ; Flow Head  Speed Size Press
Number Number Type/Size (gpm) (ft) (rpm) BHP (inches) (psig) Material Design S/N
Feed pump United pump Centrifugal 14-89 250- 3550 4, 2 . Steel Vertical 45010-1
P-662 F-1-1/2 x 9 HTC » split
Recirc United pump Centrifugal : 3, 1-1/2 Steel Vertical 40286-1
Pump #1 P-31 F-1-1/2 x 13 HTC split
Recirc United pump Centrifugal 120 695 3550 3, 1-1/2 . Steel Vertical 41886-1
Pump #2 P-32 F-1-1/2 x 13 HTC - split
RCIC pump FWI, Inc. Piston 23.9 1660 400 26 2, 1 2050 Steel 5 piston 5PP528
P-33 Fig. No. 5 P- 1-1/4" x 2-1/4" psig
200A
Cold feed FWI, Inc. Piston 9 1440 400 8.7 2,1 1780 Stee 2 piston 2354A
pump P-34 Fig. 1-1/4 x 2-1/4 psig
‘ No. P-100A » '
HPCS pump Roth Multistage 15 2250 1750 3.8 3,2 1200 SS 10 stage 880047
P-429 14TALG91052A-SB  turbine - horizontal
’ shaft
LPCS pump Siemen & Hinsch  Multistage 10 780 1750 10 2, 1-1/4 600 SS 5 stage . 2332359
p-474 CEHY 3105.42 turbine -horizontal
: shaft.
LPCI pump Siemen & Hinsch  Multistage 25 . 530 1750 10.3  2-1/2, 1-1/2 600 SS 5 stage 2332360
P-519 CEHY 3605.42 " tubine horizontal
shaft




S-0

No. CM

TABLE D-2. Motors
Manufacturer
and Model P&ID
or Serial Phase, Pump
Name Number HP_ RPM  Voltage C(Current Frequency  Frame Type Number
Feed pump GE 5KS254BL105B 15 3555 460 17.3 3, 60 2547 KS P-662
Recirc GE 5K404XAM904 60 1750 460 74 3, 60 4047 K P-31
pump #1 S/N: EFJ52010?
"Recirc Allis Chalmers-123 75 3530 460 85 3, 60 364T1S RG P-32
pump #2 1-5103-55650-1-1 : :
RCIC pump GE 5K256AN205A 20 1750 460 25.7 3, 60 2567 K P-33
No. AJ
Cold feed GE 5K4256Y2WF82 10 1800 440 13.4 3, 60 256 K P-34
pump S/N: SX4202062
HPCS pump GE 5K324BN2650 40 1770 460 47 3, 60 3241 K P-429
’ No. HH
LPCS pump GE 5K254AL205 15 1750 460 21 3, 60 2547 K P-474
No. CM
LPCI pump GE 5K254AL205 154 1750 460 21 3, 60 2547 . K -P-519
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TABLE D-3. VESSELS AND TANKS

" Design Number and
Name Pressure, , Capacity of
and Number Size Design Temperature Material Heaters
Test vessel 180 gal Pressurized, 1311 psig, Steel 30-1.01P;
No. 685 heated 600 °F ' 24-0.97P;
: 8-1.04P
Total, Max =
7.2 MW
Feedwater heater 900 gal Pressurized, 1320 psigq, Steel 14, 300 kW
No. 684 heated 650°F total
Demin water tank. 500 gal Open, unheated Ambient Steel --
ECC make up tank 600 gal Open, heated Ambient, Steel 6, 150 kW
_ 160°F water total
Flash drum Open, unheated Ambient, Steel --
No. 683 . 600°F steam .
Suppression tank Open, unheated Ambient, Steel --
' 160°F water
. y \

v50¢2-4dv39
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TABLE D-4.1 REMOTELY OPERATED VALYVES

b lowdown

Name /
Location Number
Steom V601
Yine
Hot feed- V609
water :
Cold V610 -
feedwater
Recirc vl
Toop#l
flow
Recirc v8
loop#2
flow
HPCS Y418
delivery
HPCS vaig
return
LPCS va62
delivery
LPCS va63
return
-LPCI V507
de]ivery
LPCI v508
return
Warmup- Y61
return
Suction ve
line ’
b lowdown
Drive V10
line

Size

{in.)

1-1/2

1-1/2

Y
pattern
¥-1/2

1-1/2

1-1/2

1.2 .

28

2.3
2.3

2.3

6.0

110

46

Pressure
Rating

9004

15007

9004

15004

15007

1500¢

|500;
1500¢4
15004
9007

9007

9004

Position Manufacturer
Type Type Control Indicator and Model End
Use Operator - Uperation Signal 10 Number Material  Connection
Throttle Piston Air to open PIC-742 PO-SL-06 Valtek c.S. Flanged
Throttlie Uiaphragm Air to open LIC-71] -- Masoneilan C.S. Flanged
48-21134 ‘
Throttle = Dia-lever TIC-732 .- Masoneilan S.S. Thread
. 291
Throttle Piston Air to open HL- PO-LID-11Y Crane L.S. Flanged
TCAM-24 DAD-431
Throttle Piston Air to open HL-15%, PO-L2D-21 Valtek C.S. Flanged
TCAM-33 Mark |
Throttle Dia-- Air to open -- Masoneilan S.S. Thread
lever 291
Throttle Dia- Air to open -- Masoneilan S.S. Thread
lever 29111
Throttle Dia- Air to oben -- Masoneilan 5.5, Thread
lever 29111 \
Throttle Dié- Air to open -- Masoneilan S.S. Thread
lever ) 29111
Thrattle Piston Rir to -- Valtek c.S. Flangea
close Mark 11
Throttle Piston -- Valtek L.S. Flanged
Mark 11
Throttle Diaphragm HL- PO-LI/FWT-17  Masoneilan L.S. Flanged
48-21114
Open/ Piston Air to TCAM-25  PO-BDS-22 Valtek C.S. Flanged
close close Mark 1
Open/ Piston Air to TCAM-27  PO-BDD-Z3 Yaltek C.S. Flangedv
close close Mark 1

¥502¢-dv39



8-q

TABLE D-4.1 (Continued)

Position Manufacturer
Name/ Size Pressure Type Type Control Indicator znd Model End
Location Number in. v Ratin Use Operator Operation Signal 1D Kumber Material  (Connection
HpLY Va0 §7I 3 15007 J-way Piston Kir to - Valtek T.5S. Thread
inj./ . : : Mark 11
return
LPCS va64 3/4 8 T 15004 3-way Piston Air to -- Vaitek c.S. Thread
inj./ : : Mark 11 )
return
LPCI VS09  1-172 21 900 3-way Piston Air to -- Valtek C.S. Flanged
inj./ Mark 1
return
Safety V602 1172 20 900# Open/ Diaphragm Air to 1CAM-50  PG-5RV-01 ‘Masoneitan c.S. Flanged
relief 01 . close close 48-21134 ’
Safety V603 1-172 20 9004 Open/ Diaphragm Air to 1CAM-52  PO-SKV-02 Masoneilan C.S. Flanged
relief 02 . close ~ close ) 48-21134
Safety V604 ,1-1/2 20 900# Open/ Diaphragm Air to TCAM-54  PO-SRV-03 Masoneilan c.s.’ Flangeo
relief 03 ) close close . 48-21134
Safety V605 . 1-1/2 20 900# Open/ Diaphragm Air to TCAM-56  P0O-SRV-04 Masoneilan c.S. Flanged
relief 04 ) close close 48-21134
Safety v606 1-172 20 9004 Open/ Diaphragm Air to TCAM-58  PO-SRY-05 Masoneilan L.S. Flangea
relief 05 close close 48-21134 :
SO/FUT V607 1 6.0 900# Open/ Diaphragm : - PU-SU/FWT-77 Masoneilan C.S. Flanged
vent : close 48-21114
conn. :
System V608 1 2.3 15004 Open/ Dia-lever -- Masoneilan S.S. Ihread
vent : close 2911 .
Bleed V612 1 2.3 15004 Open/ Dia-lever Air to open LAL-7238 -- Masoneilan  S.S. Thread
close 29111
Recirc#? V614 3 110 1504 Open/ Piston Air to open TCAM-32 P0-L25-20 Valtek C.S. Flanged
Suction close _ Mark 1 :
[sofatfon
Recirc #1 V664 2 46 1500# Open/ Piston Air to open TCAM-23  PO-L1S5-10 Valtek c.S. * Flanged
Suction ’ close . Mark 11
Isolation
feed V668 1 0.6 15004 Open/ Dia-lever Air to open LAH-723A -- Masoneilan S.S. Thyead
) close ' . 291
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TABLE D-4.2 MANUAL VALVES
Manufacturer
Pressure End . and Figure

Name-Funct ion Number Size Type Rating Material Connection Number
Test vessel drain V622 1/? Globe 20003 Stee? Thread Smith 0G80
Test vessel warmup V623 1-1/2 Globe  1500b Steel Flange Hattersley 1876
Loop#2 warmup V624 1-1/2 flobe 1500 Steel Flange Vogt 10683
Bleed Isol. V625 1 Globe 20002 Steel Weld Smith 0GAN
Warmup return V627 1-172 Globe 1500h Steel Flang Rockwell Edwards 5268
Test vessel vent isol. V633 1 Globe . 1500b Steel Flange Hattersley 1876
Manual system vent V634 1/2 Globe 20002 Steel Thread Smith 0GR0
Feed tank vent V635 1 Globe 20002 Steel Weld Smith 0G80
DI water supply V636 1 * Globe = 200ne Steel Weld Smith 0G80
Hot feed vessel check VA37 1-1/2 _ Check  2000b Steel Weld Vogt SW701
Steam trap isol. V638 3/4 Globe  1500b Steel - Flange Hattersley 1816
Feed pump suction V640 3 Globe 900b - Steel ' Flange Velan FlOZ-dSPS-?IS
Hot feed return V641 1 Globe 20003 Steel Thread Vogt
Suppression tank recirc V6RO 2 Gate 2002 Bronze Thread Stockham’Bloe
Suppression tank drain V661 ? Gate 2002 Bronze Thread Stockham B106
RCIC inlet V666
RCIC check V667 172 Check 20002 Steel Thread Smith 0G80
System feed isol. VAR9 1/2 Globe 20003 Stee) Thread Smith 0G80
RCIC fsol, V670 172 Globe 20002 Steel Thread Smith 0G80
Small break isol. V679 1/2 Globe 20002 Stéel Weld Smith 0G80
Drive blowdown isol. V2 ? Globe  250nb Steel Flange Valtek MarklIl
Suction blowdown isol. v7 3 Globe  250nb Steel Weld Valtek Mark 11
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TABLE D-4.2 (continued)

. Manufacturer
Pressure End and Figure
Name-Function Number Size Type Rating Material Connection Number
Cold feedwater isol. vi2 1 eiobe- lSOObV Steel Weld Velan 376
Cold feed vessel check V13 1 Check 15000 Steel Wweld Velan
HPCS pump suction V416 2 Gate 3003 Bronze Thread Stockham B-120
HPCS vessel check V421 - 3/4 Check  1500P Steel " Thread Rockwell-Edwards 1838
HPCS bypass V424 3/4 Globe 20003 " Steel Thread Vogt 12141
LPCS pump suction V460 2 Gate 1502 Bronze Thread Powell 150
LPCS vessel check V465 3/4 Check 1500 Steel Thread Rockwell-Edwards 1838
LPCS bypass ‘ v468 3/4 Glbbe 20003 Steel Thread Vogt 12141
LPCI pump suction V505 1-1/2 Gate 20002 Steel Thread Vogt 12111
LPCI vessel check V510 1-1/2 Check  600Y Steel Weld Pacific-1-1/2-30-LC
LPCI bypass V513 ) Globe  1500P Steel Vogt 15141
" LPCI throttle /2 Globe  800P Steel Thread Vogt 2821
Feed throttle vie ] Plug 14402 Steel Weld FWI
Feed isol. v25 1 globe- 15002 Steel Weld Velan 376
a. At ambient temperatdre.
b. At elevated temperature, e.g., 800°F.
' d # 0
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TABLE D-4.3 RELIEF VALVES
Set " Manufacturer
_ Pressure and Model Serfal
Name Number Size Orifice {psfaq) Capacity Number Number

Demin. water return vis /2 x 1/2 .- 1050 -- -- --
Cold feed pusp relief vi9 12 .- 1260 -- Baird 7601 -1-7B-SH-MP --
HPCS pusp relief va1? 3/4 x 3/4 -- 1235 -- Lonergan LC.13 --
LPCS puwp rellef v46) 374 x 3/4  0.13 in. 435 52.08 gpm Farris 2745 58385-FF
LPCI pusp relief V506 3/4 x 3/4  0.13 in. 385 49.44 gpm Farris 2745 58384-FF
Feedwater tank safety Y615 2x2 0.674 in. 1320 7700 1b/hr Consolidated 19140/P2-1 " TGUB150
Test vessel safety V650 1-1/2 x -- 1442 25,550 1b/hr  Farris 26FA24-170 58927-A8

2-1/2
Test vessel safety Y651 1-1/2 x -- 1400 23,8701b/hr Farris 26FA24-170 58926-A8

2-1/2
F11) system regulator V613 1/2 x /2 .- Kates MFA 9-18 26689
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TABLE D-5.

HEATER RODS

GEAP-22054

Core

Manufacturer:

Total number of rods:

"Heated length:

Rod diameter:

General Electric
62 .
150.0 in.
0.483 in.

Elevationsb of

Number of
Moael? Serial Installed Installed Thermocouples Initial Position
Number Number = Thermocouples (in.) of Rod in Core

76 1 6 33, 57, 77, 97, 117, 137 11
2 3 8, 33, 57 14
3 6 8, 33, 57, 69, 105, 141 18
4 6 33, 57, 77, 97, 117, 137 47
5 4 6Y, 76, 76, 88 54
6 0 -- 23
7 0 -- 42
8 0 -- 51
77 1 6 17, 40, 77, 97, 128, 141 1
2 6 81, 97, 101, 113, 121, 133 3
3 4 83, 105, 128, 141 6
4 6 17, 48, 69, 97, 105, 128 7
5 0 _ - 2
6 4 33, 69, 105, 141 9
7 4 33, 57, 69, 105 12
8 5 - 77, 97, 117, 128, 137 13
9 6 33, 57, 77, 97, 117, 137 17
10 6 20, 40, 61, 81, 101, 113 26
IR 6 8, 33, 69, 88, 105, 128 29
12 6 8, 17, 33, 48, 57, 69 34
13 6 17, 48, 57, 77, 97, 117 36
14 6 8, 33, 48, 57, 69, 105 39
15 4 69, 76, 88, 88 ‘ 49
16 6 20, 40, 61, 81, 101, 121 53
17 3 117, 128, 137 57
18 4 77, 97, 117, 137 62
19 6 17, 48, 77, 97, 128, 141 64
20 q 97, 117, 128, 137 8
21 0 -- 16
22 0 -- 24
23 0 -- 31
24 0 -- 41
25 0 -- 48
26 0 -- 52
27 0 -- 56
28 0 -- 58

29 0 -- 59 -
30 0 -- 63
78 1 5 8, 48, 88, 117, 137 4
-2 2 48, 69 5
3 5 8, 3, 88, 117, 137 10
q 0 -- 50
5 3 17, 48, 69 20
6 4 69, 69, 88, 88 21
7 6 33, 57, 77, 97, W17, 137 22
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TABLE D-5. (continued)

GEAP-22054

Manufacturer:

" Total number of rods:
Heated length:
Rod diameter:

Core

General Electric
62

150.0 in.

0.483 in.

a Number of Elevationsb of ,
Yodel” Serial Installed Installed Thermocouples Initial Position
Number Number Thermocouples (in.) of Rod in Core

8 4 8, 88, 117, 137 25

9 6 77, 88, 97, 105, 117, 128 33

10 3 17, 48, 69 , 35

11 5 97, 117, 128, 137, 141 38

12 5 8, 48, 88, 117, 137 40

13 4 8, 17, 48, 57 46

14 5 8, 33, 76, 117, 137 55

15 0 -- 60

16 0 -- 27

17 0 -- 30

13 0 -- 32

19 1 Electrode TC at 152 43

20 0 -- 44
21 . 0 -- 45

22 4 8, 17, 48, 57 19
23 1 Electrode TC at 152 15

24 0 - 61

a. Heater Rod Type Code

Reference Drawing

Number Ratio of Actual Rod Power

(moael) to Core-Average Kod Power 181F 145-182
76 1.04 1668892964
77 - 1.01 166B8929G5
78 0.97 166B88929G6

b. Thermocouple elevations are measured upward from the bottom of the
heated length which point corresponds to vessel e]evation\208.56 in.

ECCS Makeup Tank Manufacturer: Watlow

To;al number of rods: 6
Model Heated Length, Diameter Serifal
Number Nominal Power Voltage (in.) ' Number
Fire rod 25 kW 480 VAC 20, 0.995 Later
T34AX6A
Feedwater Heater Manufacturer:

Total number of rods: 24

Model ' Heated Length, Diameter Serial
Number Nominal Power Voltage . S {in.) - Number

12.5 kW 480 VAC Later
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TABLE D-6.1 SENSORS HAVING INDIVIOUAL CALIBRATIONS

ABSOLUTE AND DIFFERENTIAL PRESSURE TRANSDUCERS

4-20 ma. Output ~_10-50 ma Output
Model Full Scale Transducer Serfal Transducer Serfal Transducer Serial Transducer Serial
Manufacturer Number Range . Number Number Number Number Number Number Number Number
Rosemount 11510P-3-E-12, 30 in. HO ‘ 42 387069 4 382269 97 3138
11510P-3-8-12 44 387073 48 382270 98 9566
45 387076 99 15597
46 382268 162 18731
Rosemount 11510P-4-E-12, 150 in. H20 15 142656 56 373473 100 1242
11510P-4-8-12 - 16 7 142657 Y 373474 101 12424
: 17 142658 58 373475 - 102 12430
24 153040 59 373476 103 12431
25 153042 60 373477 104 17073
26 153043 61 373478 105 17075
27 155900 62 373479 106 17076
32 161261 63 373480 107 17077
33 161262 64 373481 108 17078
kL) 161263 65 373482 109 17081
35 161264 66 373483 - 1o 17082
36 161265 67 373484 m ©1723%
37 161266 68 373485 112 100965
38 161267 69 373486
39 161268 70 373487
40 161269 n 373488
4) 161270 72 387238
43 387070 73 387239
49 356739 146 361815
50 356740 151 215889
51 361889 152 215890
52 361890 153 215891
53 373470 154 215892
54 37340 - 158 723719
5% . 373472 159 72330
Rosemount 11510P-5-E-12, 750 in. Hy0 14 114232 17 402390 13 1554 126 37437
11510P-5-8-12 : : 18 146926 88 78752 114 1689
v 19 152495 89 78756 115 9843
20 152496 90 82188 M7 13532
2} 152498 116 13486 118 17138
22 152499 147 363195 119 17148
28 156194 148 363196 120 35264
29 156195 149 363200 121 35267
0 156290 150 363209 122 3821
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_ TABLE D-6.1 (Continued)
ABSOLUTE AND DIFFERENTIAL PRESSURE TRANSDUCERS
4-20 ma. Output 10-50 ma Output
Mode Full Scale Transducer Serial Transddcer Serial  Transducer Serial Transducer Serial
Manufacturer Number Range Number Number Number Number Number Number Number Number
74 372337 155 146870 123 35272
75 351152 156 146969 124 35279
) 76 402388 157 146974 125 37436
Rosemount 11510P-6-E-12, 100 PSID 23 152638 95 69787 127 5648 133 12887
11510P-6-8-12 31 156472 96 86837 128 5637 134 12688
9 109106 129 12879 135 12876
92 114281 130 12880 136 18598
93 1014558 131 12881 137 30193
94 101456 132 12882 163 16876
Rosemount 11510P-7-E-12, 300 PSID 160 32361 138 7369 140 12568
11510P-7-B-12 139 1z 14) 12573
Rosemount . 11510P-8-E-12, 1000 PSID 78 389290 81 389293 142 12890
: 11510P-8-8-12 79 389291 82 395596
80 389292 161 72912
Rosemount HSIGl"-s-E-IZ. 1500 PSIA 83 2872719 86 384394 143 53396
1151GP-9-B-12 84 375145 87 384395 144 77515
85 375148 145 17522
Statham PD3000- 100 1n. 110 5 26845 1K) 39890
v 100-18-11 8 35473
Statham PD3000- 200 1n. H20 9 35935 10 35962
200-18-]]
Statham PD3000- 400 1in. W0 6 27693 7 29422
400-18-11
Statha PDH3000- 750 in. H0 1 2297 3 21989
030-18-11 2 21984 4 22002
Statham PDH3000- 100 PSID n 36552
100-18-11
Statham PDH3000- 1000 P_SlD 12 36339
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TABLE D-6.1 (Continued)
/
ABSOLUTE AND DIFFERENTIAL PRESSURE TRANSDUCERS
Voltage Output ’
Model Full Scale Transducer  Serial Transducer Serial
Manufacturer Number Range Number Number Number Number
Statham PM3BSTC 2 1 PSID 195 396. 197 §52
1-350 196 400
Statham PM385TC ¢ 2.5 PSID 190 745 193 787
2.5-350 191 746 194 788
192 786
Statham PMIBSTC 2 5 PSID 189 828
§-350
Statham PMIBSTC ¢ 10 PSID 187 821 188 823
-10-350
Statham PM385TC ¢ 25 PSIO 184 817 186 833
25-350 185 818
Statham PM385TC ¢ 50 PSID 181 829 183 831
§0-350 182 830
BLH HHD 100 PSID 178 53677 180 53679
: 179 53678 o
Stratndyne OPT 2.0-1000 1000 PSID m 20-12) 175 20-128
172 20-123 176 20-131
173 20-126 m 20-132 -
174 20-127

(o
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TABLE D-6.1 (Continued)

N 4

ANNUBARS

Mode) Serial Probe Length Set For
Manuf acturer Number Number Flow Path Dimension
Dieterich XANR-73 10690.A. 1 4.813
Dieterich XANR-73 10690.8. 1 .77
Dieterich XANR-73 10690.C. 1 2.632
Dieterich XANR-73 10690.D.1 3.826
Dieterich XANR-73 10690.E.1 3.624
Dieterich XANR-73 10690.F. | 1.685
Dieterich XANR-73 10690, F.2 1.685

Dieterich YANR-23 10690.6.1 3.826

ORIFICE PLATES

Mode) Serial Hole Diameter
Manuf acturer Number Number (in.)

DC-0ROY-1  1.722 -
OC-0R0V1-2 2.296

" Dantel 520 29489 0.900
Danfel 520 - 29491 0.574
Danie! 520 29518 0.1362

HPCS-41 0.408
LPCS-51 0.466
LPCL-61 0.395

Daniel 520 29493 1.885
Danfel 520 29523 0.229
Daniel 520 29522 0.229
Daniel 520 29525 0.398
Danie) - 520 . 29527 0.459
Danie) 520 29490 0.606

: LID-Nn 1.20

L2D-2} 1.20

Dantel 520 20492 0.317
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TABLE D-6.1 (Continued)

TURBINE METERS

Model Rotor Serial Ndhber of Pipe Transducer
Manufacturer Number Number Blades Size Number
Flow 32054 2 in. 206
Technology
F low 48128 3 in 207
Technoloyy

DRAG DISKS

Model Serial Target Pipe Transducer
Manufacturer Number Number Diameter Size Number
Ramapo 4612 2 in. 208
Ramapo 4613 3 in. 209

ELECTRICAL POWER TRANSOUCER

Model Serial
Manufacturer Number Number
YOKOGAWA 2885-11 1C#2318
Electric
works

Cw, )

S
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TABLE D-6.2 SIGNAL COMDITIONING EQUIPMENT

Model Serial :
Item Manuf acturer Number Number Description
Power supply . Channel, ¥ supply for
Presmps Newport B0A \ : Strain ga?e excitation and balance,
. 50 channels
. Amplifiers Newport 60A, 70A $10VD output 2K gain, 3IHz-100KHz
i filter, 50 channels

Aaplifier Newport R10A-C 252124-252133 10 channel rack for amplifiers, balance
Rods modules

T/C Reference Validyne TR4) -8STT 881 85 channel, 150°F reference, type K
Junction : _ T/C's

T/C reference Validyne TR41S-50TT 8822 50 channel, 150°F reference, type J
Juncton T/C's

T/C reference Acromag 340 81014 ' 25 channel, 150°F reference, type J T/C's
Junction :

T/C reference - Hy-Cal 202X-J100 47334 100 channel, 150°F reference, type J
Junction engineering : T/C's

T/C reference Hy-Cal 150-8x-100-K/ 44231 100 channel, 150°F reference, type J or
Junction engineering 100-J type K T/C's

Conductivity General Dwg. 64 channels

probe circuits Electric 181F 14517

- ™
Tubine meter  Flow PRI-102A T 161257 Bidirectional, pulse ratemeter

Technology PRI-102FR 161261

¥5022-4dY39
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TABLE D-6.3 SENSORS HAVING CLASS-COMMON CALIBRATIONS

) Sertal Transducer
Sensor Manuf acturer Type Use Number Code Number
Thermocouples ‘Genera! Electric/  Chrome)-Alume) Only in heater ~ None 202
Claud S. Gordon rods
Thermocouples General Electric/  Iron- Fluid, wall None 204
. Claud S. Gordon Constantan temperatures
Conductivity 'Generql Electric A,B,C; Dwg. Liquid tevel 1-46 200
probes 181F145-401
LvoY SCHAEVITZ 1000 HPD Valve stem 212
: position '
indicators
J. Y
) \' _ .:
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TABLE D-6.4 DATA ACQUISITION EQUIPMENT

g
L 4

Item
ADC

Ninicomputer

DiIsk

Tape drive N1
Tape drive #2
Teﬂllgl (]
Terminal #2
Printer

Scanmer/
display

VYideo monitor

Manuf scturer

Hewlett-
Packard

Hewlett-
Packard

Hewlett-
Packard

Mewlett-
Packard

Hewlett-
Packard

Hewlett-
Packard

Versatec

Netrascope

Conrac

Model Serial :
Number Number Description
System 620
Serfes 500
System 620
Series 400 256 channel low level multiplexer
System 620 256 channe) high level multiplexer
Sertes 410
2 256K Main frame memory with floating
point processor, Model 129798 /0
Extender and required interface cards.
7925 215317055 60 megaword
7970€ 1600 bp!, phase encoded, 45 IPS
1970 1600 bpi, phase encoded, 45 IPS
2648A Graphics terminal w/dual tape cartridge
264BA Graphics terminal w/dual tape cartridge
1200 200 dots/inch
M/S 20 70264
5211019
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TABLE E-1.

GEAP-22054

DATA ACQUISITION SYSTEM

Number

Program
Name

Description

1.

MPXT

TINIZ

CALIB

HIST

UPZER

ICHEK

'SCHEK

MPXT allows the user to display selected analog signals
in millivolts or engineering units. This program can be
used as a diagnostic tool to verify the intergrity of

the signal paths and the operation of the A/D equipment.

Program TINIZ allows the user to create or modify a
'work file'; work files include the PID table and
describe a data acquisition run, including the recording

- plan and requirements for limit checking. Work files

are stored permanently on the disk.

To modify of look at the contents of the transducer
file, the user must run CALIB. The user may add
transducers, change data for a transducer or display the
contents of the transducer file. When doing an update,
the user must provide a password.

HIST may be run to generate a histogram of signal data
in millivolts or engineering units. HIST collects
signal data the specified number of time and performs
the required conversion calculation., The mean, minimum
and maximum values and the distribution around the mean
is output. '

‘The UPZER program allows the user to update the
instrument and process zeros stored in the PID table of
the work file. When the process zero is updated, it is
compared to an expected value; those channels, whose
process zero varies from the expected value in excess of

~a specific tolerance, will be flagged.

ICHEK performs checks on pressure and temperature
readings as well as conductivity probe outputs--ICHEK
collects data at a user specified rate for a
user-defined period of time. This data is converted to
engineering units and an average value for each channel
is calculated. The averaged values are displayed and
compared to expected values. Those channels that vary
from the expected value more than the specified
tolerance are printed on the screen.

SCHEK allows the user to perform preliminary pressure
balance and mass conservation checks. The user defines
columns (strings) of dp readings and groups those which
are expected to be equal, together; in the same way, the
user defines those flows comprising a control volume and

-groups those control volumes which are expected to

equal, together.

(‘.
"

9
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TABLE E-1.

GEAP-22054

(continued) / ‘

Number

Program
Name

Description

8.

10.

11.

12,

14.

15.

SETUP

~ ROP

SCAN

TCHEK

WRMT

MEANS

XIgIT

FSTDR

SETUP initializes the data acquisition mode including
the multiplexer, system common and the on-line
calculations and limit checking based on the user input
and the selected work file.

The user runs ROP in the data acquisition mode and
enters a command; depending on the command, ROP will
schedule another program/programs to run or process the
command itseif. Programs-include SCAN, TCHER, initial
conditions bar chart and alpha-numeric displays on video
screens. '

SCAN may be run at 40 millisecond intervals. SCAN
schedules the program which reads the multiplexer,
MUXRE, update the pointers to the locations into which
the multiplexer data is to be read. When a data buffer
is fillea, if tape recording is on, SCAN initiates the
program, WRMT, to write the buffer to tape.

The program TCHEK performs limit checking of the enabled
thermocouples. If a thermocouple exceeds the limits, it
is TCHEK that trips the power, turns on the alarm light,
and initiates the processing to inform the operator.

Recording of data to the tape is performed by the
program, WRMT. If the user has specified tape
recoraing, WRMT is requested to run by SCAN as each
magnetic tap buffer fills.

Program MEANS provides a statistical data analysis of a
given data acquisition run. Data for a prescribed time
interval is processed from magnetic tape and the mean,
minimum, maximum, standard deviation, and peak-to-peak
values for. the user specified engineering unit and
derived quantities are calculated.

Program XIBT provides on-site data reduction of data
recorded to a 9-track tape using the FIST data
acquisition system. Selectea 'A' and/or 'P' values are
printed and/or plotted in engineering units or
millivolts. (Millivoits apply only to 'A' values).

Program FSTDR allows the user to convert raw test data
stored on magnetic tape during data collection to
engineering unit format; save that converted data on a
"wrapup" magnetic tape; and then display the engineering
unit time history in a variety of printed, plotted, or
schematic forms. Calculations include all derived
quantities. '



GEAP-22054

TABLE E-1. ({continued)
Program
Number Name Description
16. PMCHK Program basically the same as SCHEK for pressure balance

and mass conservation checks except that data are
supplied by magnetic tape. Thus the PMCHK program data

quality checks are available for use on actual recorded
test data.

»

P-
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TABLE E-2. DATA PROCESSING SYSTEM

Program
Number Name Description
1. FICON - Reads data tape and converts counts to MV for
' each measurement channel and puts data in CWAF

‘format for subsequent processing.

2. FIKAL Performs engineering unit conversion calculation for
each measurement channel using FICON output.

3. FIWIZ Performs engineering calculations using FIKAL

measurement outputs. Quantities calculated include
flows, levels, mass and energy balances.

E-7
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