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.This report was prepared as an account of werk sponsored by an agency of the United States I
~

Government. Neither the United States Government nor any agency thereof, or any of their
employees, makes any warranty, expressed -or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.

NOTICE

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of tne following sources:

'1.' The NRC Public Document Room,1717 H Street, N.W.
Washington, DC 20555 --

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555 '

3. The National Technical Information Service, Springfield, VA 22161

' Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and internal NRC memoranda; N RC Office of Inspection .
.md Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports: vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in t .e NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and
NRC booklets and brochures. Also anilable are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special techrical libraries include all open literature items,
such as books, journal and periodical articles, and transactions. Federaf Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draf t reports are available free, to the extent of supply, upon written request
to the Division of Technical information and Document Control, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
; are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available

there for reference use by the public. Codes and standards are usually copyrighted and may be '

purchased from the originating organization or, if they are American National Standards, from the
; American National Standards institute,1430 Broadway, New York, NY 10018.
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ABSTRACT

A new boiling water reactor safety test facility (FIST,' Full Integral
Simulation Test) is.descrioed. It will be used to investigate small breaks
and operational transients and to tie results from such tests to earlier

large-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 oefined. The design basis is presented together with a
detailea, complete description of tne facility and measurements .to be
mdde. An extensive Component scaling analysis and prediction of
performance are presented. The report is intended to serve as a reference
cocument for those neeoing detailed 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

principal interest are small-break LOCAs and non-LOCA incidents involving
loss of inventory and multiple failures. In particular, such experimental
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 designed 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.

The vessel consists of a side arm in addition to the main vessel. The side
arm provides an external downcomer in wnich two full-height j'et pumps are
housed, and from which flow is taken to two recirculation loop pumps and
returneo 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 anc bypass regions are composed of several prototypical BWR
components, including the fuel support 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
bypass 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 MW. The channel is
electrically isolated from the pressure vessel wall.

5-1
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1

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-degtee, thicker annular segmental arc is provided instead and all the
important BWR liquid levels and associated trips are therefore properly
scaled.

The p;-incipal 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 controls.

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 valve). There are some automatic process
controls on the feedwater heater, but most others are manually operated.
The initiation of the experiment parameter controls is' by a programable
logic controller / sequencer. It initiates the blowdown, start of core power
decrease, start of ECC flow, etc.

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

!
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previous performance and reduced need for smal!-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
orive 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 perforned and results incorporated into the design. The
integral system response study is in progress and will be reported when
oone. The volune 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 f t compared to 24.01 for the scaled BWR.

S-3
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|
'1. INTRODUCTION

l.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 under simulated reactor conditions.

OIThe 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 BPR/ Emergency Core Cooling (BD/ECC) by the three parties, the
scenarios of loss-of-coolant accidents (LOCAs) were investigated. Tne
nypothetical LOCA events in these studies were mainly focused on the large-break
type cf accidents, using the Two-Loop Test Apparatus (TLTA) that was originally
built under the former 80HT program. The small-break type of LOCA experiments
were limited to two in TLTA.

The FIST program was initiated, af ter 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, ii) a growing interest in small-break
LOCAs in the aftermath of the Three Mile Island Unit 2 accident, and iii) concerns
over non-LOCA postulatea events involving loss of inventory and multiple systems I

failures. The FIST facility design aims at these requirements. The program test
plan, detailed in Reference 2 , includes 21 tests covering small- and large-break
LOCAs as well as non-LOCA transients.

1.2 PH0 GRAM OBJECTIVES, PURPOSES, AND METH003

The FIST program oojectives, 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 ano evaluate basic data from the test system
configuration, which has characteristics 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 BWR 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 heavily instrumenteo) prototypical BWR
components respono under, and/or affect, presumably typical
reactor safety ano operational transient conoitions.

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 appendices contain the
more-easily-tabulated type of information describing the facility, including
orawing and photographic lists, measurement lists, engineering data, installed
equipment identification and characteristics, and a software list.

The report is intended as a reference document for those who need detailed
information about the facility, why it was designed 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 snapshot 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
7
i it is expected to be operated. The section has three parts: descriptions of the

: fluid systems, the process and experimental parameter control eystems,. and the
experimental measurements.

This:is an outdoor test facility, constructed principaliy of carbon steel piping -~

components that are heavily insulated and otherwise prot'ected 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 system of structural columns

1
" and beams, steel 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
I at grade level. (Appendix C lists equipment elevations.) The facility operating
i controls and data acquisition system are located in'a building adjacent to the-

]_ test facility tower. Electrical' power switchgear. is located in a separate
j adjacent building. However, the power supply for the heater rod bundle ~is several
j hundred feet away at the Atlas loop, power being conducted from the one facility

| to the other via large, underground power cables.

i
! 2.1 FLUID SYSTEMS
,

j The FIST fluid systems consist of the simulated reactor (test) vessel and its two
I 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
j. facility support systems, e.g., instrument air, etc., are not particularly

described here.
,

i

) As noted in Section 1.1, the FIST program is a part of the continuing BWR safety

f research program. In terms of physical plant, this means that significant
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 '

t-

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

I

L
i 2-1
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blowdown systems, and the recirculation pumps were previously used on TLTA. In

general, components with 6-series equipment numbers (Appendix 0) were purchased

specifically for the FIST Facility. Although references to the TLTA Facility
3Description Report and the ECC System Report * 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

aesign of the individual fluid systems are indeed related to the BWR/6 design
and/or performance, but generally the main simulation and scaling is concerned
with the component parts of the te n 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

i

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 a total of
38,050 lo/hr at '311 psig (90% capacity, 3% overpressure). Its main connections
incluae feedwater and steam lines, suction and drive lines 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.

5A thermal and stress analysis of the vessel was undertaken and resulted 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 acequate 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.

2-3
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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 elevation 185, and so grows upward and
downward from this point. The recirculating pumps are tied down to baseplates
mounted in the pit, at the suction line elevations indicated in Figure 2-2. P s
feedwater, steam line, and drive line nozzles move upward and warmup / return eine
nozzles move downward as the facility is brought up to initial-condition
temperatures. These displacements are handled by flexibility designed into tae
corresponding piping runs. A stress analysis of the piping system, and

6particularly connections to the test vessel was also undertaken, and confirmed
that 831.1 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

j ofthisrequirement)

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 (fluid) 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 from 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
inouces 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 pipes 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 the 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
crying action being intended, although 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 (Section B-B), and from there to, and out, the steam line.
Large- and small-oreak LOCA experiments are initiated (from this initial condition
flow path) by opening valves in blowdown system lines connected to recirculation
loop No. 2.

3

As snown 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

j that follow. Drawing Number 181F115-152 (see Appendix A for facility drawings)
details the individual pipe spool pieces, one spool per sheet.
Drawing 181F145-150 serves as a vessel assembly and index for these,

f 2.1.1.1 Downcomer. The downcomer (denoted DC), unlike other scaled parts of the
FIST test vessel, extends over several spool pieces. Figure 2-3 shows the
downcoming fluid regions in FIST and the reference BWR. The steam manifold and
cryer skirt regions 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

2-6
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adryer skirt, elevation 505 . The downcomer, then, extends from there to the
bottom of the jet pumps. The spool piece 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
subject 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 Sh1

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 Shl2 181Fl45-169 -161; P-36
Housing

3 Jet Pump Downcomer 181F145-152 Sh3 181F145-168, -169; P-71
Housing

In the separator housing spool, the downcomer liquio fills th,e annular ring
outsioe 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 stanopipe, (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
beyon J 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 tne reference BWR. The match point on the test vessel is the
centteline 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 BWP's zero-elevation point. Thus
the FIST lower crossover centerline is establisheo as elevation 31.81 in.

2-8
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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 j

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 d'owncomer housing, the tops of the two jet
pumps, and the methed of connecting the drive flow lines to the jet pump inlet
nozzle assemblies. The last figure 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 downcomar, 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 rectrculation loop nozzles are located at
elevation 166 on the jet pump downcomer housing, while the jet pump Annubar

instrurr.ent washer is rt.aunted between the flanged ends of the housing 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 (bottora 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 vess31 but not the downcomer
(or vice versa), the downcomer design must accommodate the
differential thermal expansion between them.

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 cover |ng the jet pumps

include: 181F145-161,181F145-168,181F145-169,181F145-194 and 181Fl45-196

Sn 1.2. Figure 2-13 and Table 2-1 show dimensions for the FIST, TLTn, and scaled

2-12
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Figure 2-10 Jet Pump Annubar Instrument Washer and Talipipe/Downcomer
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Figure 2-13 Jet Pump Nomenclature and Dimensions
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i

TABLE 2-1. JET PUMP CHARACTERISTICS

'

Figure 2-13 FIST TLTA BWR/6-218
" Dimension Design Desian 3-0 Scaled
.

Nozzle Diameter A 0.45" 0.45" 0.32"

Throat Dimeter 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 9.11

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

Tailpipe Dimeter E 1.685" 2.125" 1.717' (1/7.9)
Length F 154.90" 16.68" 5.90"(1/7.0)4

L/D 90.22 7.85 3.44*

Mir Reverse Flow

j Area (throatarea) 0.656 in.2 0.656 in 0.453 in.22

i
l

l

i-
3
1

1

:

!
i

4

! 2-20
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.BWR/6 (hypothetical) jet pulips. 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 10 is close to the the scaled BWR/6 ID of
1.717 in. New (smaller ID) tailpipes were then welded to the modified diffusers.
The tailpipes were ma'de long 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 atypical 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. Tne height 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.

2.1.1.3 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 lower plenum 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

2-21
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e/ fluent. 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.-00, thin-wall, stainless-steel tubing noted
earlier as being mounted eccentrically in the main vessel leg. It extends from
elevation 43 in, near the bottori of the leg to a few inches above the top of the
plenum flange at elevation 187. Water 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)
semicircular 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 acapter restricts the flow further. It simulates the BWR velocity
limiter. Drawings detailing the guide tube are: 181F45-178, -189, -191, -192,
-193. The upper guide tube or bundle bypass inlet area is described in
Section 2.1.1.4.

Measurements of flow (Annunar), pressure, fluid and metal temperature, and liquid
level (conouctivity prone 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 height and scaled volume are required for lower plenum

2. Guide tube fluid volume should be scaled traction of lower
plenum

3. Provide drain and warmup return connections

4. No interior insulation is to be provided.

?.l.1.4 Bundle and Bypass. Tne electrically powered bundle of 62 heater rods is,
of course, the most important part of the test vessel and facility. The bundle
and bypass are descrioed in four parts: inlet, channel assembly and byp6ss,

heater rods, and outlet. As a whole, the bund e and bypass occupy the main vessel
leg froin approximately elevation 190 to elevation 380. Tne spool piece pressure
boundary is a specially machined 13-ft-length of 8-in. Schedule 80 pipe fitted

2-22
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with 900 lb flanges on each end and with four 3/4-in. inlet nozzles
(elevation 351) for LPCI flow. Washers 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. Subject.

181F145 - 152 Pressure Boundary
Sheets 4,10,11,13

181F145 ' 158 Shell and Filler Plates
181F145 - 162 through 164 Core Inlet, Outlet
181F145 - 170 Bail /Shell Assembly
181F145 - D4 through 177 Thermocouple, Buss Bar, Ceramic Button,

Bail
181F145 - 179, -180 Bundle Assembly, Fillers
181Fl45 - 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

INl ET

The bundle and bypass inlet is that section of the assembly from the top of the
guide tube to and including the lower tieplate and is shown in Figure 2-15. The

main flow comes up outside the guide tube but inside the short spool pressure
bounoary and makes a 90-degree turn, passing through the side entry orifice. The
flow inrnediately makes another 90-degree turn heading again Vertically upward past
the FIST Annubar, through the fuel support to the three-finger guide at the bottom
of tne tieplate base casting. This FIST " fuel support" is a quarter section of an
actual BW/6 fuel support. It is welded to the simulated core support plate and
the sligntly 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 smaller side entry orifice hole 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 the fuel
support. As shown in Figure 2-15, that bypass flow comes frum two sources: the
lower plenum to bypass leakage hole in the front face at elevation 192, and
whatever minimal flow may be coming up through the guide tube adapter plate.

Figure 2-17 shows the assembly welded to the +'' of the guide tube. The front
! ' face with its hole in front of the side entry pdfice hole, the core support plate

ano fuel support upper end are apparent. The smaller hole below the main flow
hole is threaded for installation of the leakage orifice plug. Figure 2-18 shows

2-24
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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 that the lower tieplate base rests down
in the fuel support but no seal exists between them, because there are leakage
holes machined into the Dase, 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,
not 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 uith its 12 silver-platea,1-in.-square copper
buss bars installed. It incorporates the flow passages for both the subchannel
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 the 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 in
turn bolted to the bottom flange of the bundle pressure boundary spool piece. The

~

tieplate and thus also the spool piece are electrically grounded at this puint.
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 tieplate. 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 plate are isolated from it with sleeves
and washers of an asbestos-phenolic materisl.

CHANNEL ASSEMBLY AhD BYPASS

Figure 2-21 shows the bundle 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

2-29
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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

j faithfully reflects the BWR condition that is caused by the control rod blaaes.
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 tn,e grid spacer and typical heater and water
rods.

Figure 2-22 shows the fuel bundle assembly. 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 char.nel is
suspenaed from above by a flange that rests in a recess in the spool piece top
flange. Tne 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 opposite 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 shown in the figure, seven grid spacers are located at 20.15-in. intervals
along the length of t'he 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 stainless-steel cnannel. Thus, when the
rods reached high temperatures that could distort them and perhaps cause them to
move enough tb contact the channel wall, no consequent low electrical resistance

path to ground was formed. In the BWR design, of course, the question of
electrical contact is not material, but is of concern in the FIST case.

Preliminary testing of the oesign was successful and various measuring techniques
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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 wall temperatures 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 varying 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 identical 75-in. lengths of tapered-wall-thickness
tubing are butt welded at the thinwall ends. Figure 2-26 shows the nominal 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, ana 78 rods shown in the figure generate total powers which are in the ratio
1.04, 1.01 and 0.97 to the average 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 ano 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 00 of
0.48320.002 in., is constructea 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 3re embedded up to six Inconel-sheathed, chromel-alumel
thermocouples used to measure heater rod temperature. The measuring junctions are
in 900a 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

remainaer is 0.040 in. The axial distances of the measuring junctions above the
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Figure 2-27 FIST Heater Pattern, First Bundle
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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 j

at the end of the rod shows the azimuthal location of all the thermocouples in f

-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 upper 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
bounoary above the tie plate, and the bundle handle (an inverted U-shaped piece
attacned to the section of channel). Eight 1-inch-diameter holes are provided for
oypass flow in flange, gaskets, tie plate, and bail flarge. The bail is bolted to
the bottom of the pressure boundary washer.

|

The major design requirenents for the bundle and bypass are given below.

t

1. The heater rods are to be of the same length, dianeter, and#

} rod pitch as in the BWR

2. The rods are to provioe a cosine axial heat flux shape 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.i

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

separator 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

2-42
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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 expansion bellows spool). It is a 4-f t. length of 8-in. Schedule 100 pipe
fitted with a 900-lb 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 bellows 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
ouilt up at the pipe-to-tee joint, elevation 429, to provide an ID of
7.38220.002 in. The 3.5-in.-long enlarged bottom end of the standpipe,-
(OD = 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.

Tne separator housing spool is an approximately 14-ft (overall) length of 10-in.
Schedule 120 pipe with a 10-in., 900-lb flange at its top and a 10-in. x 8-in.
Schedule 80 concentric reducer and an 8-in., 900-lb 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 connection and is located on the north side of'

the spool at elevation 483.

|

Four components are located 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

j shown in Figure 2-30. The simulated dryer skirt and dryer drain line are attached
to a 1/2-in.-thick plate supported about its peri,)hery by a recess in the

I separator housing top flange, Figure 2-31.
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The standpipe / separator assembly is located within the separator housing by the

Annubar instrument washer, which mounts between housing and upper plenum 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 length of 0.188-in, wall, 4-in.-00 tubing.

r

The separator came from the TLTA test vessel and was modified for use in FIST.

The steam-water mixture entering the separator attains a swirling motion due to
passage 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 liquid obtainable within the shroud. In order to locates

the spillover and swirler at the BWR-scaled elevations, the TLTA unit was
disassembled and a new section of separator inserted between them. Also, an
additional section was added at the top of the old 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 hao
Deen scaled from a reference BWR/4 design, could be used in FIST. The matter was
resolved when comparisons of RWR/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 pressure
vessel wall is only 6.4 in, wide. Scaled down, that annulus could be expected to
exhibit boundary layer effects which would alter water level movement. For this
reason, tne annular configuration was revised. An annular segment of greater
thickness but only 76*F wioe 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
liquid 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, unoer the steam line connection (above it, in the steam dome). The dryer
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drain line is a 9-ft, 4-in. length of 1.25-in.-00 x 0.125-in.-wall,
stainless-steel tubing that is located on the north side 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:

1. 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 recessary simulation for the facility.

The 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
tapered 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

dryer) into the steam dome and enter the steam line enclosure (Region 3) flowing
downwaro until it exits the vessel via the steamline.

The oescription of the scaling criteria used for each region follows:

Region 1
.

A. Entrance ano 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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T

C. Top of the dryer--The top plate of the dryer, being r

consistent with the BWR configuration, contains no steam
flow path. !

Region 2 - The volume'in this region plus the volume in Region 1 j
'

account for the scaled BWR volume contained inside the i

dryer shroud. The flow area of the dryer drain pipe is i

scaled from the flow area of the drain channels in the l

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

loop 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.
Each 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
experimental 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 f1'ow measuring
instrumentai. ion to tonitor the break flow.

Drawings 179F145-600 through -608 snow the piping arrangement and pump

installations. The pumps are mounted below ground level in the facility pit at
16 f t 9 in. (No. I pump) and 6 f t 9 in. (No. 2) below grade. '

Figure 2-36 is a view from grade level looking down at loop No. 2 pump mounted on
the pit grating at the -7-ft elevation. (In the foreground are the main vessel

j '
refurbished before reinstallation and were fitted with flywheels to provide an
(left) and side arm (right) lower plenum pipes.) The pumps, used in TLTA, were

j

approximately 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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indicated for the loop operator. The loop flows are controlled by a loop operator
who uses pressure regulators supplying proportional signals to the air-operated
control' valves, VI 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 controlled 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 loop 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 correctly scaled.
Details 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 pump. 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.;

During 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 V611-

for loop No. 1.

The major design requirements for the loops are listed below:

l. 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
simulated

3. Provide connections for blowdown piping and for warmup-return
piping for startup

4. Provide the capability of isolating excess loop fluid from the
test vessel.

i
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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
tar.ks, three pumps and a substantial set of control valves, piping and process and
experimental measurement and control instrumentation. The equipment can be
grouped in terms of hot feedwater, cold feedwater and steam (line), the first and
last of these being first purchased for FIST while the cold feedwater equipment
was used previously in the TLTA test program. The list 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 leaves 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 2.2.1.1. Hot feedwater flow to the test vessel is controlled by valve
V609 operating off test vessel level.

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 line (106), and for
the reactor core isolation cooling (RCIC) line. The pumps and tank are mounted at
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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 including 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 arid 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 (choked) 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 line 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, V601, 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 a'd upstream orifices in FIST serve to
simulate the 16 BWR safety relief valves (SRV), 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 operation, ncrmal relief
and low / low set relief. In the former, the valves close 100 psi below the opening
pressure; in the latter, lower closing pressures are used, the option being
available to the operator.

In addition to the SRV function, the group No. 5 BWR valves are used for the
! automatic depressurization system (ADS). Similarly in FIST, valve V606 is used to

provide this function.
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TABLE 2-2. BWR/6-218 SAFETY RELIEF VALVE OPERATION

Normal Relief Low / Low Set Relief

Open/Close Pressure Pressure Setpoint
FIST Valve Number of SetDoint Number of Open/Close.

Number BWR Group Valves (psig) Valves (psig)
:

V602 I I 1103/1003 1 1033/926
'

V603 II 1 1073/936

V604 III 8 1113/1013 3 1113/946

V605 IV 4 Non Low / Low Set

V606 V
-

7 1123/1023 7 Non Low / Low Set
!

'

'?
I S Each BWR valve has a rated capacity of 925,000 lb/hr. o

Response time of SRV valve - Safety operation is 0.3 sec. 9-

7
|3
8
.

,

1

1

i

e

___
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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 j

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 emergency 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 0 and of
the process and experimental measurements in Appendix B.

A description of the set up anu calibration of the syste.m 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, like the rest of
the fluid systems, an outdoor, carbon steel, insulated system. The LPCI is a

g 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 temperature (normally less than 125'F) specified for a
given test. The tank is elevated 6 ft above grade to provide adequate suction
head 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-flow
characteristics at scaled flow using standard pumps normally available. Valves-in
the 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 initial system installation. During a test, the

i 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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TABLE 2-3. EMERGENCY CORE COOLING CONDITIONS

RUN0VT FLOW SHUT-0FF HEAD DESIGN POINT

BWR-6- Scaled Vessel BWR-6 Scaled
Flow Flow Pressure Flow Flow

System (gpm) (gpm) (psid) (psia) (gpm) (gpm)

HPCS 6,400 10.3 1,460 1,147 1,400 2.2

200 4,900 7.9

LPCS 6,400 10.3 271 119 4,900 7. 9

LPCI 18,180 29.1 229 24 15,150 24.3

_

-.
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return'line path and' open'ing' the path to the test" vessel . When system pressure

f alls,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 piping, 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 blowoown drive line, and the 1-in., small-break blowdown (suction)
line all discharge into the tank under the normal initial liquid level. In the
case of all three lines, a standard valve (modified to open quickly) is used to
initiate the blowdown. Tnus, 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
ano 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 scaleo from the BWR (jet pump nozzle area) to obtain the correct

break size and flow rate (see Table 2-4).

None of the bloidown measurements is useful over the entire range of conditions so

a variety'of techniques are employed. Direct blowdown flow rate measuring
instrumentation includes a differential-pressure, liquid-level measurement on the
suppression tank, measuring orifices in the blowdown lines (in addition the break
flow orifices or nozzle), and turbine-meter, drag-disk spool pieces in the
recirculation loop piping. Also, differential-pressure and conductivity-probe
measurements are made across the suction line blowdown nozzle.
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TABLE 2-4 BREAK N0ZZLE SIZES i

l

|
2Break Area, ft Initial Liquid

Break FIST
Test Location BWR FIST Orifice Dia., in. .

ow, b,/sec

DBA Suction 1.878 3.01E-3 0.743 0.005 30
BWR/6 Drive 0.348 5.6E-4 0.320 2 0.005 6

DBA, Suction 4.14 7.39E-3 1.164 2 0.005 74 1
| BWR/4 Drive 0.348 6.2E-4 0.337 ! 0.005 6 |

Small Break, Suction 0.053 8.5E-5 0.125 t 0.001 1

w/HPCS

Small Break, Suction 0.053 8.5E-5 0.125 0.001 1

No HPCS

Small Break Suction 0.053 8.5E-5 0.125 0.001 1

7 w/SRV o

O 5
Intermediate Suction 0.2 3.2E-4 0.24 0.02 3 7
Break M

- O
a
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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 downcou.er nozzle by 6 f t. While this suction blowdown piping does not exceed I

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 bicadown 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.

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 parallel with the main steam valve, and the system bleed flow
via control valve V612 during warmup operations. 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 useo to attain initial conditichs, 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 the sequencing and timing of events specified for a given experiment and to
vary the experimental parameters that may change from test to test, e.g., core
power, break location and initiation, 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 Controls
|

|
Tne 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

I
;

1
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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 j
I

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 2-43.

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 e ntrol band. The test vessel liquid level is set by use of
controller LIC-711, which adjusts the hot feedwater line 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 0. 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 velve 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 Feeowater. There are both hot and cold feedwater fluid systems and
controls, the hot system being new for FIST, the cold system being used previously

on TLTA.j

|

The principal controls on the hot feedwater heater are the pressure control,
PIC-773, which controls power to the 2412.0-kW vessel cartridge heaters via an

(
1
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TABLE 2-5. PROCESS CONTROL FUNCTIONS

Controller

Name ID Controlled Element Action

Feedwater Heater Pressure PIC-773 Feedwater Heater Power Reduce power on incr. press.
Test Vessel Pressure PIC-742 Steam Valve V601 Open valve on incr. press.
Test Vessel Level LIC-711 Hot Feedwater Valve V609 Close valve on incr.-level
Downcomer Temperature TIC-732 Cold Feedwater Valve V610 Open valve on incr. temp.

Contacts

Feedwater Return Low Flow FIS-791 Feedwater Heater Power Reduce power on low flow
Feedwater Heater Low Level LAL-725B Feedwater Heater Power Reduce power on low level
Feedwater Heater High Level LAH-722A Feedwater Heater Power Increase power on high level
Feedwater Heater High Pressure PAH-772A Feedwater Heater Power Reduce power on high pressure
Feedwater Heater Low Level LAH-722B Feed pump motor Power Shutdown pump on low level

'? Feedwater Heater Low Level (Float) LSL-760 feedwater Heater Power Reduce Power on low level
M (redundant) @

Feedwater Heater High Pressure PS-776 Feedwater Heater Power Reduce power on high press. %
(redundant) *

Feedwater Heater High Level LAH-723A Feed valve V668 Close valve on high level $
Feedwater Heater Low Level LAL-723-B Bleed valve'V612 Close valve on low level y
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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 heater,

operates to provide feedwater at the saturation temperature corresponding to the
PIC-773 control point pressure. If the pressure, measured by transmitter PT-770,,

exceeos 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 heater liquid 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-7228), cartridge heater power is interrupted

;

(LAL-7258), and bleed valve V612 discharging system fluid to the flash drum, is
closeo (LAL-7238). On high level, feed tor RCIC) valve V668 admitting cold
feeowater to the heater is closeo (LAH-723A). Backup indication of heater liquid
level is provided by the sight gauge, LI-750: local liquid temperature (TI-780)i

I and pressure (PI-775) measurements at the heater are also provided, all as
I required by the ASME Boiler and Pressure Vessel Code. A redundant mechanical
' level (float) switch (LSL-/60) 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 feedwater steam space spray nozzle. An associated flow indicating switch
(FIS-791) disables cartridge heater power on low flow. Hot feed pump on-off

j 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
! test vessel. 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

| cold feedwater comes from the demineralized water tank via pump P34. The excess
.

| flow provioed by the constant speed piston pump, over that permitted by the
control valve, is dumped back into the water tarik by (upstream) pressure

,

controlled valve, V18.
t

; 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

i

!
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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 re ded on the

experimental data system.

The loop flows are controlled by the operator using the control valves VI 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. I via
control valve V611 (hand loader HL-714 at the control console); and from the

Dottom of the test vessel via manual valve V623. Control valve V607 and manual
valves V633 and V635 provide a means of having a coninon 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 warnop 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 with the local
rotameter to set the desired flow rate, and !.he 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
Tnese controls are initiated during a test by the programmable logic controller.
The controller consists of (a) input modules that detect operator actions and
monitor facility conditions (e.g., test vessel liquid level), (D) output modules
that actuate field devices (e.g., open SRVs), turn on panel lights and sound
annunciators, and (C) a sequencer that contains the ladder diagram. The diagram
is progransned into the sequencer based on the desired operating conditions and
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test specification. Tne program actuates output modules based on the actuation of
input 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 powe. supply control circuits at the Atlas loop. This is an

open-loop control mode; no feedback of heater-rod temperature, 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 estaDlished 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 af ter the system pressure
f alls 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 control room
ds are pump heads, control valve positions and supply, delivery 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/A05. 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 solenold-operated pilot
valves in tne air lines that in turn receive their signals from the test vessel
pressure transmitter PT-740 via the programable logic controller. The controller j
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 panel) 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 satisfy 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
9eneral and specific statements that are listed below.

1. Measure the bundle temperature distribution in order to
detemine 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 ano 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 nozzle 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,

lECCS flows, and feedwater flow,
l

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 -J

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.

(
Provide measurements and calculations needed in the process of

|8.
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 programs to obtain the maximum amount of information
from them. Figure 2-46, the test vessel instrumentation drawing, shows the
experimental measurements planned for the t'est vessel. The measurement
indentifications are given in the rectangular boxes and the dots show the
elevation ano component in which the measurement 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 shown 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 B-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 Conditioning
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 transducers involved

here can De 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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TABLE 2-6. FIST EXPERIMENTAL MEASUREMENT SUPNARY

Number
of Channel Spare

Parameter Measurements % of Total Number Channel

Pressure 8 1.9 0-11 4
Differencial Pressure 126 29.9 12-143 6
Miscellaneous 32 7.5. 144-175 0Conductivity 45 10.1 192-239 3
Material Temperature 21 4.9 256-277 1
Fluid Temperature 82 19.3 278 367 8
Heater Rod Temperature 112 26.3 368-479 0Blank Spare - - 176-191:480-495 32
Not Available -32 - - 240 55; 496-511

_

426 100% 54

Sumary of ADC Channels Measurements - 426m
4, Space - 54
-

Unavailable - 32 cn
M 9

7
M
S.

.

.,
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,

TABLE 2-7. MEASUREMENT DISTRIBUTION BY PARAMETER AND REGION

1Re ion P TF AN N0a DP CP TW TC Other Total
Test Vessel

44DC 1 12 1 1 14 12 3 - -

226 2 4 8 2JP
- - -

-

45LP 2 14 3 1 10 10 5' - -

83 1GT- 4 - - -
- - -

8BUIN 4 1 1 1 1 - - -
-

9 1 6 112 8 1393 - -BU -

2210 - 1 5 3 3BP
- -

-

144 3 2UP 1 4 - -- -
.

52 11 1SP
- - ---

411 11SEP
- ----

64 11SSP
- - -- --

4 6 - - - 122 - -DS -

- - - - 11DRY - - - -

511SD 1 2 - --- -

51 4SM
- - -

- - - -

Between
2116 '5 - - - -Regions - - -

5 64 8 25 73 46 21 112 8 361

24b 6517 3External 3 18 - - --

Total 8 82 8 42 76 45 21 112 32 426

a. Nozzles and orifices

b. Fourteen of these are valve stem position indicators
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2.3.1.1 Flow. All of the flow measurements in the FIST facility involve the use
of differential pressure transoucers 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, 24 nozzles and orifices interior to the test vessel and 3 blowdown / break
plane nozzles and orifices. The 14 external-orifice plates are expected to
experience only 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 caution 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, also 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 -ate. 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 Annubers 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 Annubars, 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
j centered on the pipe flow area. The flanges are provided with pressure tap

connections to which are attached the sense line tubing runs, which end at the
differential pressure transducer. The orifice plates are of the sharp-edge type
and, 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. ars inted in Appendix D
Table U-8.1, Sensors Having Individual Calibrations.

i
'

Tne 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 coef ficient, 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 ll51DP and (several) Statham

Moael P0H Series 3000 current output transducers. The few voltage-output
transducers used are Statham Model PM 385TC, BL|1 Model HHD, or Straindyne

Mndel DPT2.0-1000. Figure 2-48 shows a set of transducers 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 recaliDrated 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 tne transducer, the measured voltage drop
(" instrument zero") is 1.6 V, while at full-scale p* essure difference, the
measured voltage drop is 8.0 V. Standard transducer ranges are 30 , 150 , and
750-in. H O ana 100, 300, and 1000 psid. The Statham current output units have I2
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-ranges of 100 , 200 , 400 , and 760-in. H 0 and 100, 1000 psid. The aosolute
2

pressure transducers have a 1500-psi range. Transducers installed or calibrated
and ready for use are listed by range and output in Appendix 0,' Table 0-6.1.
Figure 2-49 shows the standard installation of a FIST differential pressure
transducer. Demineralized water is connected at the transducer to purge air from
the sense lines into the facility. Note particularly that the normal manualt

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. Signal conditioning equipment (Appendix 0, 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

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

with Type J (Iron-Constantan) thermocouples while heater rod thermocouples are
Type K (Chromel-Alumel). Wall temperatures also are Type J. Tne fluid
thermocouples are grounded-tip,1/8-in.-0D, stainless-steel-sheathed, standard
c.omnercial 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
junctions.

Figure 2-50 shows the type of conductivity 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 nedr-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 nocal
differential pressures is included in Refarence 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. Tne system
cesign is similar to that used in TLTA and involves the same type GE-designed

|
probe suitable for BWR operating conditions. |
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Uther types of measurements include Schaevitz LVOTs for valve-stem-position
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.

Gansna 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-Conunon Calibrations. |
|
l

2.3.2 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 coordinateo 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 transducers, conductivity
probes, and miscellaneous 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 terminals supplied with dual 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 (digitizations)/s. With a scan table of
512 channels to be recorded, the 512 numbers would be deposited in a buffer 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 measured variable exceeds the limit. Also, some
amount of on-line calculations and display on the video terminal can be
accomplished, 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 use on the FIST data acquisition system. Some of these involve
housekeeping, e.g., TIN!Z, 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, RUP, SCAN, WRMT, and the remainder
involve data processing and display. Reference 8 is a data acquisition system
haroware and sof tware 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 proviaing software tools on the data
acquisition system to enable enhanced capabil.ity 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 type
format is used to display initial condition 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 CDC.

Appenaix 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 ano processing ano storage computer systems is 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

i 2-92
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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 e pected to make conflicting demands on the data acquisition system. The HP
system does all the data processing tasks needed for data acquisition and initial
cata review for test acceptance including pretest, on-line, and initial posttest
data verification. Tnus 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. Typically about 300 pages of plots are produced on the
HP, copied and distributed within 48 hours after test completion.

At the other eno, 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 data 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
accomplished.

2.3.3.1 Measured and Derived Quantity Calculations. The information stored on

the magnetic tape during the course of the test must be decomutated
(aemultiplexed) 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

; 32,707 counts. Thus, the ith voltage presented to the multiplexer on channel j is
I given by Equation (2-1) ;

1

CountsFull Scale Voltage * g3
Y ij " Full Scale Counts Total Gain on Channel j (2-1)

1
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The conversion from that voltage to a temperature, pressure, etc... requires
' Equation (2-2) and the coefficients (calibration constants) in it. All of the

FIST engineering units conversion equations are quadratic

2
j+PV+PV (2-2)EU = P

2 3

For all temperatures, P is 150, reflecting the 150*F reference junctions used.j
For all heater-roa temperatures, P has the same value; similarly P has the

2 3

same value for all rod temperatures. For all fluid and wall temperatures, P 's2

are alike (but different from P 's for the rods), etc. Thus the temperatures
2

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, fluio 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 unoer 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-IZ) + P3(MV-IZ)2 - PZ (2-3)

and

EU = PZ - P2(MV-IZ) - P3(MV-IZ)2 (.2-4 )

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

transducer output in millivoltsMV =

instrument zero in millivoltsIZ =

process zero in engineering unitsPZ =

transducer calibration coefficient (linear term)P2 =

transducer calibration coefficient (quadratic term).| P3 =

Instrument zero is defined as the millivoit output of the transducer when on

bypass (same pressure applied to both sides of a differential pressure
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transducer). The process zero 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 cnmpensation corrections for system
variations, 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
calculated for all tests. These are all vessel inlet and outlet flow rates, the
liquid 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

aata 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 cor.tains<

the algorithms used to calculate the various desired quantities.

The work file lists, by channel number, the measurement indentification, specific
EU conversion equation, transducer number, fixed ano 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 t'e transducer number, the values of P2 and P3 (calibration coefficients) can
be retrieved from the transoucer 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. Tne CALCS
subroutine lists 24 calculation types, several of which are simple calculator-type
ruutines, e.g., adding, multiplying, averaging, finding maxima / minima, etc. There
are also the engineering routines to calculate regional liquid levels, densities,
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masses, ana various flow calculations. These latter calculations are based on the
same equations as those accomplished on the IhEL computer 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 CY8ER programs FICON, FIKAL, and FIWIZ t- 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
qualification (ADQ) program, the result of which, together with verification
results from review of ilP data, will be the basis for a data quality tag appended
to eacn 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

I
2w = 0.0997 k d FY(oh) (2-5)

w-mass flow rate, lom/s
3p-fluid density, lom/ft , obtained from steam tables for input

values of P, T -- fluid upstream pressure, psia, and temperature. *F
h-pressure drop, in. H u

2
d-hole diameter for orifice plates, pipe diameter for Annubars, in.
F-oimensionless factor for thermal expansion, Equation (2-6)
Y-dimensionless factor for compressibility (=1 for liquid)

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

Equations (2-9, 2-10)

F=a0+aj(I) (2-6)

T - upstream fluia temperature, *F

Y = 1.0 - ( B h / P y ) (2-7)

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

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

K = Ko (1.0 + ( A / RE )) for orifices (2-9)

-K=Kb f0 (1.0 - exp(- f1 ( RE - 3000)0.16667)) Annubars (2-10)
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- HE - Reynolds number = 15.279 w/du (2-11)

w,d are as definea above in Ibm /sec, and in.
u - fluid viscosity at P,T in Ibm /ft+sec

because, as indicated in Equations (2-9,-10, and-11), K is a function of flow
rate, an iterative solution might be employed. However, the dependence is
considered so weak that the Reynolds number is' simply estimated once using
Equation (2-12) for orifices. For Annubars, K replaces K *

b 0

1

RE = 1.523 K d(oh)2 /,u (2-12)0

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

I
2w = 0.3712 CW d f(y) ( P p ) (2-13)

w, d P, o are as defined above
CW - function of pressure ratio Equation (2-14)
f(y) - function of y, the specific heat ratio Equation (2-15)

CW = 0.845 exp ( - 0.4835 (P /P)2) (2-14)2

I

f (y ) = ( y ( 2/(y + 1))") (2-15)

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

P2 - downstream pressure, also in psia

In the above f.quations various constants are used: d, a , a , B, K , A.
0 j O

K' 0' # . Values for these are listed in Appendix C Table C-3, for eachD 1

orifice and Annubar. Values of_f and f are listed for reverse flow for the0 j
Annubars, but a reverse flow condition on an orifice plate causes a computed flow
rate of zero. Similar equations 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 or superheated. If the measured temperature is
I
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within a 24*F measurement uncertainty band of the saturation value, the fluid
condition is assumed to be saturation. This situation is expected for the
Annubars in the 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 requested from 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 information. The
liquid level calculated is, of course, 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

Under thattest only when the latter term is nil compared to the former.
condition, the level is given by Equation (2-16).

. L = PZERO - (P2 + P3(V - ZERO)) (V - ZER0) (2-16)

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

(2-17)= t (Cl)/PZEROp

In Equation (2-17), the quantities are as defined above, and Cl=62.4. Tne nodal

mass is calculated using Equation (2-17) multiplied by the nocal 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 tne 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 tne

hypothetical large-break LOCA events, wnich 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 the 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 tne 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 operation

6. Prototypical BWR level instrumentation

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 BWPs response to other 1

events such as power ano operational transients.

This facility represents a substantial improvement in simulation fidelity over the
TLTA. The TLTA was primarily used to investigate the system response during I
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various BWR LOCAs. The results of these tests have provided an understanding of

the BWR LOCA pnenomena. 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 feedwater

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

In order to satisfy the program objectives the following scaling objectives 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 compr.omises 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
d 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 /Heflood Program, and the TLTA). Therefore, in order to be consistent and
facilitate airect tieback and interpretation of ti,e 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
dWR/4, 218-in plant's response. These tests will be performed to broaden the
data base for this reactor design.

|

I

.
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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 large ratio translates into the potential for a faster
blowdown with potentially less core cooling in the system.

The scaling critacion 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'

poss1 Die, 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 simplifiedi

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 is 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 provide feeoback 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 geurretric 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

j
constitute the remainder of this section of the report,

i

|
In order to gain an understanding of FIST behavior relative to the BWR/6, a
scaling study is being performed using a best-estimate, multidimensional code
(TRAC-BD) developed specifically for SWR 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 boundary 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 (SE0).
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 ex ess stored
heat will have the greatest impact on the system response 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 lower 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, af ter an extensive study it was decided that the FIST Facility will
contain no internal insulation. This decision was based on the following:,

3-6
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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 of
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 syste'm 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 system through the vessel wall and piping may
have a significant effect on the system response, 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 exp3rience has been applied
in the design of the FIST external insulation. The vessel heat loss is estimated
to be $30 s40 kW at 1050 psi, which is much less than that in the TLTA

Facility. This heat-loss rate will'also 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
t

| 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 are highly dependent on the nature of the
test being performed. In general, these boundary conditions include the folfowing
experiment parameters:

1. Bundle decay power or transient power i

3-7
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TABLE 3-1. FIST INITIAL CONDITIONS

FIST Parameter Initial Condition

Initial Water Level,a f t 46.5
Bundle Power, MW 4.64
Steam Dome Pressure, psia 1040
Lower Plenum Enthalpy, Btu /lb 528
Feedwater Flow, Ibm /s 5.54
Feedwater Enthalpy, Btu /lb 398
Steamline Flow, Ibm /s 5.54
Steamline Flow Enthalpy, 8tu/lb 1191

i Jet Pump #1 Flow, Ibm /s 18.8
Jet Pump #2 Flow, lbm/s 18.8
Bypass Flow, lbm/s 3.8
Bundle Flow, Ibm /s 33.8

1

a. ' Referenced to the bottom of the BWR/6.

;

:
C

.
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R. Recirculation pump flow coastdown characteristics

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

N4. Feedwater supply and trip points
,

--) f 5. Main ste,tm isolation valve operation !
*,

6. Safety relief valve operation

-7. ECCS (HPCS, LPCS and LPCI) operation

8. ADS, activation
'W _

)
. 9. Break ,s'i,ze and location(

's' 10. Turbine trip simulation,

p. Scaling concerns involving these parameters are discussed-in the' sections that

if , follow. The detailed simulation requirements, thus experiment parameter controls,-
~,

for each test are specified, reviewed, and documented before the test,
a >

; +.

3.2 SCALING'AND PERFCRMANCE OF VESSEL AND EXTERNAL COMPONENTS
*

The vessel, components and external systems have been separated into the
.

following categories in'' order 30 present the scaling results effectively:
,?

>t+
*

, 4 > . g
1. Lowee plenum /bunole pegi na

~
3 1-

2. Guide tw,e'/ bypass region

3. Jet pump region '

=/ (, 4. Downcomer region
y, t

5. Upper ' plenum, separator, dryer, and dome
I)I+.

6. Recirculatiod; steam, and ECC; system'

i'q lheiresults of the scalins studieli include dis:as'sions involving the geometrical
'

scaling comproinises, the method used to determine component simulation, the
,

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

versus height) for FIST and the scaled BWR. .

! J> + ,

FIST vesse and internal dimensions were chosen to give regional volumes and areas
t

which are' closely scaled (1/624) to the 'eference BWR/6 while the full heights arer

maintaindl. Stanoard pipes are used in the design of the vessel and internals,

< , e, cept aroend the.chnnel where a precisely machined pipe is used. Due to thex

' m,anufacturing toleraces of standard pipes the as-built volumes in all regions,

'T '-,i
A' .;Ili ,r ,

['
,1

*3

.i- >
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f

except the channel and bypass, may be out-of-scale by up to 25% 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 lower plenum

(LP)/ bundle regions are illustrated in Figure 3-3. As noted earlier, 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 ;he LP for FIST
to ensure correct volume scaling, thus making FISTS LP short by approximately
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
smootn volume distribution profile. The lower crossover (pipe) makes up for the
shortened LP by concentrating a bit more volume over its relatively short length,
such that the fluid volume is nearly equal to the ideally scaled volume. Tne
middle 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 4 times the ideally scaled
values ,' respectively. This results in an overscaled stored heat capacity which,
ouring 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 1

j the limiting-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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I
l

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 bundle 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/6-216 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
censity 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
bundle 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/f t (40.7 kW/m) for the linear heat generation rate associated with the
I peak power bundle, the average central bundle linear heat generation rate of

9.7 kW/f t (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 flux decay will be simulated by
varying the input voltage to the entire heater bundle 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 different 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

j second method will be used as follows:

|
1
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- 1. Use the AN5-79 decay curve for an 8 x 8 bundle at 10,000
-

This is a typical core average exposure.mwd /t.

.2. Run a TRAC simulation of the BWR bundle with boundary
conditions from a BWR LOCA sinulation 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 sane 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 i's 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 $hould avoid this problem. The BWR power transients are

characterized by a variation in total rod power accompanied by level and
distribution 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 temperature). 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 Volume 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. Tne 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. Tnese volumes represent

3-15
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only 2% and 11% of the volumes in the GT and bypass regions, respectively. The
total volume in the GT/ bypass region is also sl% 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.

l
'

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 snown 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 most 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.

1

l
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The smallest flowpath, limiting 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 located 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
Ibypass. 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/6 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 inetal, 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, resulting 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 ana 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
,

i

produce nucleate boiling af ter flashing begins (between 14 and 15 s). At the !

point of maximum cifference, right befo-e the two-phase level begins dropping in
i the FIST bypass, the FIST heat transfer is approximately 6 times lurger 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_ limiting vapor
velocity.

j Figure 3-11 shows that after s40 s, no liquid drainage is expected from either
the scaled BWR/6 or FIST bypass since both their vapor velocities are above the
limiting case. Between 20 and 40 s, however, the scaled BWR/6 bypass has a vapor.

velocity which is slightly lower than the limiting case. For this time interval,
the calculation indicates the BWR/6 bypass would 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
sateration 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

expecteo 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 uf 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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i

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

length 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

'

predicteo 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 earlier, ideally-scaled,
area of 2.15 sq in. The recesigned tie plate is shown in Figure 3-15. The eight

1-in.-diameter holes constitute the new exit flow area.
4

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 lb/hr

,

steam upflow at 10 gpm liquid downflow) is also plotted in th*e figure. It shows

| that the FIST bypass, even with the much larger flow area, is still expected to be
more restrictive for liquid drainage than the three-dimensional SSTF bypass.

'

However, the modification made in the tie plate provided the largest practical
flow area that could be incorporated without substantially complicating the bundle

i

electrical design.

3.2.3 Jet Pump Scaling Performance

<

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
evaluate 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 S-pst increase in irreversible losses in the FIST
jet purrp 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
dominateo (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
coefficient Kr, can be defined such that

APr"Ko (3-1)r

1

where
4

aP reverse flow pressure drop=
r

fluid densityp =

i
;

V jet pump throat average velocity=
t

.

.

The relationship for the mass flow rate is then
!

,

2K*/A12 5r
aP =k

. r" 2 rg 2
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ct

g .P 2dI/2
' A (3-2)

,

m =|
K t\ 7)

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

i

rii o Ag/f
or

AaU/Kf/2 (3-3)2
.g

It is the quotient (Dg/K / ), then, that must be correctly scaled in2
r

order to ensure an appropriate reverse flow rate.

The value of K f r liquid flow through a typical BWR jet pump is estimated to
r

De 0.80 - 0.90. The value of K for the FIST jet pump is estimated to be 1.40,
r

most of the increase being due to higher L/Ds. Reverse steam flow test data .for
the TLTA jet pump was used to calculate K under these conditions, yielding 1.14

r

ano 1.20 for low- and high-flow conditions, respectively. The long extension for
the FIST application brings these values of K to 1.25-1.31. AK of 1.30

r r

represents an intermediate value of the range between 1.25 and 1.40, and is used
in the analysis.

Tne ratio of expected reverse mass flowrate in FIST to tnat desired for the
optimum scaled BWR/6 facility is then

Scaled BWR/6 FIST

K s 0.80 to 0.9 Kr = 1.30r

Dt = 0.76" Dt = 0.914"

IST - 1.14 - 1.20
,

m
I

Scaled BWR/6
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Summarizing, the increased tailpipe length and decreased diffuser length combine
to increase the pressure orop 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,
offference. 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 tallpipe 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 BWR.

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
f rom 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. To 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. Tne FIST JP volume is
overscaled by approximately 62% due to scaling compromises that were rride to

obtain the desired jet pump performance. This volume difference, however, is
small compared to the overall system volume or to the volume in the lower plenum

j and guide tubes, but can affect the refill /reflood timing. The difference in
I

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 /reflood time is expected to be small.
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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, cowncomer 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

4

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., separate 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 inventory

events or for long-term transients, the hydrostatic head in the dowacomer directly'

; affects the natural flow characteristics. These characteristics should thus be
l 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 correctly 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 inoicates that during the later phases of a rapid depressurization
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 oowncomer 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
holdup of liquid above the jet pump, which may produce a nontypical AP across

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 duwncomer region. It does, however, assist in alleviating
tne 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 cryer 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
taeally, linearly scaled (1:624 or 1:24.98) would result in annular regions with
widths of s0.25 in and 4 .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 s76 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 unoer 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).

I
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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 transfer
areas. The possibility of this phenomena occurring has been examined
preliminarily and determined to be relatively small.

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 extending 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 tne BWR shroud

head dome will be slightly affected by this geometry difference; however, the
ove'rall 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
stem-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 ano ECC Systems

3.2.6.1 Volume Considerations. .As stated previously, the recirculation loops
must be capable of providing 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 1 op is equipped ith twoG
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isolation valves that can be closed after the pumps are tripped and the coastdown
is complete, 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 shorteneo to compensate fur the slightly overscaled flow area of the standard

pipes.

In the reference BWR, there is approximately 100 f t 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
higher 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 overall system response.

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

1. At 4.1 second after the break the TSVs are closed. Total
break flow area = 3.20 sq f ta = area of one steam line +
area of flow limiter, for 0.1 < t < l.Os

2. At s1.0 s the turbine bypass valve is fully open. Total
break flow area = 3.363 sq f ta = steam line area + flow
limiter -area + turbine bypass area, for 1.0 < t < 4.5 s

3. At s4.6 s the MSIVs are fully closed. Total break area =
2.536 sq fta, 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 tcaled values.

3-50

. _ _ _ _ _ _ _ - _



-

|

GEAP-22054

|

vessel

d

To flash
tank

SRV

\ PCV
SRV

SRV

SRV

/ N
/ /

/ /
/

./

INEL 4 3878

Figure 3-30 FIST Steam Line Configuration

,

i

1

I

3-bl

|

. _ __ _- , _ ,



GEAP-22054

.

#"
header

' ' LJXX-
-

'3r-
*

- _ To
"- =Vessel 3 -x ,

= v r,-

Flow MSIVs Turbine
l Elimiters stop
Ik valves

|-0.1 s af ter break ,

bypass

1

BypaesBreak

jk O' ''X X-
-

C w2'

To- yn
L turbinev

Vessel ~-

r3-

-
m - r,

ers p
valves

~1.0 s af ter break
Turbine
bypass

,,[,fP
Break

LM kJ kJ'
, v

= c, c, c,-

E3 E3 b urbinev

Vessel 3 7] {} []
vm vm V3m

Flow MSIVs Turbine
limiters stop

~4.5 s af ter break
Turbine

i

! bypass

INEL 4 3890

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

3-52



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

s

GEAP-22054
|

|

From X "gg g gy .
FIST _____

_ _ _ _ _ _ _ _ _ _ .
,,

To flash tankq ,q ,q , ,q ,
d kd k J LJ LJ L

=

At 0 s before break

X ~
S L_L_I__1__.L

vessel
~~~ -

--

To flash tank
9 r
J L

=

AtN1.0 s af ter break

Flow area = 3.363 f12

S hhhhh
vessel --

3 p To flash tank
d L

z

AtN4.5 s af ter break

Flow area = 2.536 f12
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 high drywell pressure and low water level (1 evel 1). Because no containment1

simulation is included in the FIST facility design, the " occurrence" of high

drywell 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 implementeo 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 SKV 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 (1 evel 2), and requires a1

maximum of 27 s for the diesel generator to drive the pump to rated speed and for
all valve motion to be completeo. This 27 s time delay will be implemented for
the FIST LOCA tests so as to be consistent with assumptions used in the current
evaluation methods. A nominal time celay 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 and LPCI systems are activated on high drywell pressure or low reactor

water level (1 evel 1), and require a maximum of 37 s for the pumps to reach1

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 timing 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 $UMMARY OF SCALING CONSIDERATIONS

The preceding sections have described, region Dy 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 s 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 comparison between FIST and the scaled BWR is listed in Appendix C.

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

,

system response.
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FACILITY DRAdING LIST

|

Revision
Drawing Number Number _ Title

1. Electrical Drawings

179F145-200 Document list-BDHT Test Facility-
Electrical

179F145-201 BDHT Electrical Drawing Index

179F145-202 0.C. Power

179F145-203 Single Line Diagram-Process

179F145-204 Heater Control-Connection

179F145-205 Feedwater Pumps-Connection

179F145-206 Recirculation Pump Connection

179F145-207 Feedwater Vessel Heaters,
Interconnection

179F145-208 Hot Feedwater Pump, Interconnection
;

179F145-209 Cold Feedwater Pump, Interconnection

179F145-210 Recirculation Pump, Interconnection

179F145-211 Light / Duplex, Interconnection

179F145-212 ECC

179F145-213 Single Line Diagram Site

179F145-214 Electric Power and Control
Instrumentation

.

2. Instrumentation

179F145-400 Document List-BDHT Test Facility
Instruments

179F145-401 Process and Instrumentation Diagram

179F145-402 Information Document Feedwater Heater

179F145-403 Two Loop System (C. W. Sys)

179F145-404 Level Measurement Panel Schematic

'A-4t

|

- - ._



. _ _ _ _

.. ..

.

.

.

'GEAP-22054

FACILITY DRAWING LIST (continued)'

Revision
Urawing Number Number Title

2. Instrumentation (continued)

179F145-405 Operator Setup Panel Schematic

179F145-406 Control Console Assembly

179F145-407 Operator Setup Panel

179F145-408 Level Measurement Panel

179F145-409 Trip Panel

179F145-410 Plate

179F145-411 Plate

179F145-412 Cable Trays Instrument Wiring

179F145-413 Process Control

179F145-414 TI instrument Layout

179F145-41S Panel Bay 3 Modification

179F145-416 Panel' Assembly 1

179F145-417 Panel Assembly 2

179F145-418 Panel Assembly 3

179F145-419 Special Valve Pneumatic System j

179F145-420 Block Diagrams

179F145-421 Value LVDT Brackets

3. Mechanical Drawings

179F145-500 Document List-BDHT Mechanical

179F145-501 Feedwater Heater BDHT.

179F145-502 Trolley

179F145-503 F-142X9HTC Pump Outline

179F145-504 Panel Cutout Details

179F145-505 Panel Cutout

179F145-b06 Panel Cutout

179F145-607 Panel Chassis

A-5
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FACILITY DRAWING LIST (continued)

Revision
Drawing hunber Number Title

,

.

3. Mechanical Drawings (continued)

179F145-508 Pump Installation

179F145-509 Hot Feedwater Pump Installation

179F145-510 Junction Box #1

179F145-511 Junction Box #2

179F145-512 Flywheel-P-32 FIST Program

4 Piping Drawings

179F145-600 Document List--BDHT Piping

179F145-601 Piping Arrangement Water and Steam

179F145-602 Spray Nozzle

179F145-603 Feedwater Mixer

179Fl45-604 Condensate Pot

179F145-605 Feedwater Mixer

179F145-606 Specification for Mechanical and
Piping Services

179F145-607 Feedwater Volume Tank

179F145-608 Vessel and Piping Insulation

5. Structural Drawings

179Fl45-705 NSTF--Structural (Rev. 3 of
179F145-702)

179F145-706 Addition to BDHT Support Structure

179F145-707 Vessel Support Frame BDHT

179F145-708 Platform Addition BDHT

179F145-709 Addition to BDHT Test Facility FIST

6. Vessel Drawings

181F145-150 Vessel Installation

181F145-151 Vessel Insulation

181F145-152 2 Vessel Shell

A-6
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FACILITY DRAWING LIST (continued)

Revision
Drawing Number' Number Title

'6. Vessel Drawings (continued)

181F145-153 3 Instrument Boss Locations

181F145-154 ? Boss

181F145-155 Expansion Joint

181F145-156 2 Spectacle Flange

181F145-157 2 Dumy Vessel Test Sections

181F145-158 Vessel Shell and Filler Plate Assemoly

181F145-159 Shop Vessel,

181F145-160 HPCS, LPCS Spray Nozzles

181F145-161 Jet Pump Inlet (Layout)
4

181F145-162 Core Inlet (Layout)

181F145-163 Core Outlet (Layout)

181F145-164 Fuel Bundle /Shell

181F145-165 Dryer Drain / Steam Separator /Shell

181F145-166 Mobile Heater Fixture (Cart)
181F145-167 Steam Dryer /Shell

181F145-168 Diffuser /Shell

181F145-169 Two-Loop /Shell (Jet Pump Drive
Assemuly)

181F145-170 Bail /Shell Assertoly'

.181F145-173 Flange Can

181F145-174 Channel Thermocouple

181F145-175 i Button (Ceramic Insulators)
,

181F14S-176 1 Bail (Channel Exit)

181F145-177 1 Buss Bar

181Fl45-178 Spring Hook (Bottom of Guide Tube)

181F145-179 Filler Blocks
.

A-7
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FACILITY DRAWING LIST (continued)

Revision
Drawing Number Number Title

6. Vessel Drawings (continued)

181F145-180 1 Fuel Bundle Assembly

181F145-181- 2 Steam Separator

181F145-182 1 Heater

181F145-183 1 Sliding Current Connector

181Fl45-184 3 Upper Tie-Plate

181F145-185 3 Lower Tie-Plate

181F145-186 1 Upper Guide-Tube

181F145-187 Fuel Support Restrictor

idlF145-188 1 Fuel Support

181F145-189 Velocity Limiter Restrictor

181F145-190 Core Support Plate

181F145-191 Guide Tube Bottom

181F145-192 Adapter, Guide Tube

181F145-193 1 Guide Tube Assembly

181F145-194 1 Jet Pump

181F145-19b Flow Restrictor (Orifice Plate)

181F145-196 1 Jet Pump Assembly

181F145-197 1 Dryer

181F145-198 Channel Expansion Box

181F145-200 Lower Tie Plate Base

181F145-201 Lower Tie Plate (Modified BWR/6
Casting)

181F145-202 1 Dryer Drain

181F145-209 Internal Pressure Tap

181F145-210 Dryer Drain Tap (to Condensing Pot)

181F145-211 Guide Tube Tap (SE0)

181F145-212 Channel Voltage Tap

A-6

_ _ _ _ _ - - _ - _ _ _ _ __

|



7c
. . .. .

E

-g ( .

/ I GEAP-22054
'

, ,

FACILIFE DRAWING LIST (continued)
a

2: ' Revision
Dr. wing humber _ Number- Title

6. Vessel Drawings (continued)

. :181F145-213 0, Expansion Box voltage Tap

Ab. '181Fl45-214 Channel TC Spal
t

i
'

181F145-215 Bundle TC Seal

181F145-216 Subchannel Thermocouple Tap
.

;+
-idlF145-217 Test Section Schematic

.7. Esperiment Instrumentation Drawings

181F145-171 Liquid Level Signal Conditioner

181F145-172 Annubar

181F145-199 Thermocouple Sox

181F145-203 FIST Instrumentation Wiring-Neff 400

181F145-204 FIST Instrumentation Wiring-Neff 410

181F145-205 V ssel Instrumentation Plan

181F145-206 Presture Transducer Installation

181F145-207 Transducer Junction 80x

181F145-208 Bundle Thermocouple Junction Box
t,

181F145-219 Schematic Diagr.am Test Instrument,

Tubing

i 181F145-224 Power Control & Measurement Wiring
Connection Diagram

181F145-225 Transducer Mounting Support>
,

181F145-226 / Arrangement 019 Transducer Location
<(, Plan
:*y

,

181F145-401 Conductivity Probe
j

,.

9
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Table A-2, Facility Photigraphs

1. Subject Index

Subject Photograph Numbers

Downtomer P-66, P-67, P-71, P-77
Dryer P-11, P-12. P-13 P-58, P-59
Expansion Bellows Spool P-83, P-99
Feedwater Heater P-33. P-35
Flash Drum P-37 P-38, P-64, P-76
General Facility View, from East P-34. P-51. P-70, P-81, P-102, P-103,

P-104, P-105, P-84
General Facility View, from Northeast P-56 P-57. P-65, P-72, P-97, P-98
General Facility View, from West P-91, P-92, P-93, P-94, P-95

i Grid Spacers P-19 P-20, P-21 |
Guide Tube P-5. P-6, P-7, P-14
Jet Pumps P-22 P-23, P-24, P-25, P-26 P-27, P-28

P-29, P-30, P-31 P-32 P-36
Lower Plenum P-39, P-46, P-47, P-48, P-49, P-50, P-52

P-53 P-54, P-55, P-68, P-69, P-74
Separator P-60, P-82, P-88, P-90, P-100, P-101 ,

Standpipe P-8. P-9, P-10
Steam Dome P-85, P-86, P-87, P-89
Tie Plates P-15 P-16, P-17, P-18
Transducers P-4 3, P-44, P-45
Transducer Cal Rig P-4 0, P-41, P-42
Upper Plenum P-73

,

O
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l
Ta bl e A-2. Facility Photographs
2. Numerical Index

| Photograph No. Description
P-4
P-5 Top of guide tube / core inlet assembly - end view,

! P-6 Top of guide tube / core inlet assembly - end view closeup
P-7 Bottom of guide tube closeupi

P-8 Bottom of standpipe; Annubar instrument washer
P-9 Bottom of standpipe
P-10 Standpipe Annubar instrument washer closeup
P-ll Bottom of steam dryer
P-12 Bottom of steam dryer, manifold
P-13 Top of dryer skirt, drain, dryer inlet
P-14 Overall view of top of guide tube / core inlet assembly
P-15 Upper tie plate with electrodes installed
P-16 Lower tie plate with electrodes installed
P-17 Upper tie plate
P-18 Lower tie plate with electrodes installed
P-19 Grid spacers with two rods - view 1
P-20 Grid spacers with two rods - view 2
P-21 Grid space - closeup
P-22 Top of jet pumps - view from eastern or western side
P-23 Top of jet pumps - closeup from eastern side
P-24 Top of jet pumps - view from north side
P-25 Top of jet pumps - closeup from nsrth side
P-26 Jet pump diffusers - closeup
P-27 Jet pump bottom of tail pipe - Annubar instrument washer
P-28 Jet pump Annubar instrument washer end view
P-29 Jet pump Annubar instrument washer and tail pipe extension
P-30 Jet pump tail pipe extension - view 1
P- 31 Jet pump tail pipe extension - view 2
P-32 Jet pump tail pipe extension - view 3
P-33 Feedwater heater overall view in support structure - from west side
P- 34 Facility and support structure - elevated general view from east -

view 1
P-35 Bottom support of feedwater heater, in support structure - from

,

west side
P-36 Jet pump drive line inlet connections on downcomer - end view
P-37 Flash drum laying on ground - lower portion
P-38 Flash drum support plate - looking down into suppresion tank
P-39 Lower plenum - under jet pump - overall view
P-4 0 Transducer calibration equipment - overall
P-41 Transducer calibration equipment - closeup view 1
P-42 Transducer calf bration equipment - closeup view 2
P-43 Differential pressure transducers - view 1
P-44 Differential pressure transducers - view 2
P-45 Differential pressure transducers - view 3
P-4 6 Upper portion oflower plenum pipes - middle crossover - from

south side
P-47 Lowest portion of lower plenum - bottom crossover - from below -

view 1
P-48 Lowest portion of lower plenum - bottom crossover - from below -

view 2
!

|

|
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P-49 Bottom crossover - closeup from below
P-50- Lower plenum and recirculation loop no.2 pump - view from above,

north side
P-51 Facility and support structure - elevated general view from east -

view 2
P-52 Top of lower plenum piping view from above at grade level from

north side
P- 53 Top of lower plenum piping - middle crossover - view from above

at grade level from north side
P-54 Top of lower plenum piping - middle crossover - closeup view from

a bove
P-55 Lower plenum piping from grade level looking down into pit, north

side
P-56 Facility and support structure from grade level, northeast corner

looking southwest - view 1
P-57 Facility and support structure from grade level, northeast corner

looking southwe:t - view 2
P-58 Bottom of dryer installed in pressure housing - end view 1
P-59 Bottom of dryer installed in pressure housing - end view 2
P-60 Bottom of separator pressure housing with standpipe installed
P-61
P-62
P-63
P-64 Bottom of flash drum
P-65 General facility view from northeast corner from grade level - view 3
P-66 Jet pump downcomer housing - lower end
P-67 Jet pump downcomer housing - lower end closeup
P- 63 Support structure around test vessel at grade level - from west side
P-69 Support structure around test vessel at grade level from west side -

closeup
P-70 General east side work area - from above, from east

P-71 Lower end of jet pump assembly, downcomer housing - end view
P-72 General facility view from northeast corner, from grade level, view I
P-73 Upper plenum spool piece on ground
P-74 Lower plenum under the jet pump spool piece - on ground
P-75 '

P-76 Main stream line pressure control valve, SRV exhaust header at
; flashdrum - from southeast

P-77 Test vessel - main and side arm above top of jet pump

P-78
P-79 Upper plenun spool piece being lifted up into position - elevated

view from east
P-80
P-81 General facility view from east at ground level looking up
P-82 Separator pressure housing installed in place - view from east on

structure
P-83 Hinged expansion bellows spool piece and upper plenum - installed -

view from southwest
P-84 General facility view of separator pressure housing - elevated view

from east
P-85 Steam dome - start of lift for installation - elevated view from

east
P-86 Steam dome being lifted into position - elevated view from east
P-87 Steam dome being put in place - elevated view from east
P-88 View looking up along test vessel from below feed water inlet -

east sfJe
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1

P-89 Steam line connection nozzle on steam done - closeup - in place
P-90 View looking up along test vessel from below - northeast sidei

i P-91 General facility view from southwest corner - elevated view
P-92 View of feedwater heater, flashdrum, suppresion tank - elevated

view from west side looking down
P-93 General facility view - top of feedwater heater, elevated view from

west side - view 1
P- 94 General facility view - top of feedwater heater, elevated view from

west side - view 2
P-95 View of feedwater heater, facility - elevated, from west side

looking down
P-96 BWR FIST PR board on side of control room building
P- 97 General facility view from northeast corner, ground Icvel view 5
P-98 General facility view from northeast corner, ground level view 6
P-99 Hinged expansion bellows spool piece and upper plenum installed -

view 2
P-100 View looking up along test vessel from below, east side, view 1
P-101 View looking up along test vessel from below, east side, view 2
P-102 Installed test vessel elevated view from east - top portion of

vessel
P-103 Installed test vessel elevated view from east - top portion of

vessel - view 2
P-104 Installed test vessel elevated view from east - middle portion

of vessel
P-105 Installed test vessel elevated view from east - middle portion

of vessel - view 2

:

!

;

!
!
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APPENDIX B

MEASUR". MENT 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 10. The string
is generally composeo of three perts which are separated by dashes:

'

Example

Vessel. Elevation

Measurement Regional or
Other InformationLocationType --

EL 032LPB; DP --

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 region 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:

XXXXXTC - XX --

| _ distance above bottom of heated length

i _ 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.

|
t
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TABLE B-1. MEASUREMENT TYPE CODE

Code Type Measurement

CP Conductivity Probe
DD Drag Disc
DP,DF Differential Pressure
I Current
kW Power
N Pump Speed
P0 Valve Position
PR Pressure
T Core Power Cable Temperature
TC Heater Rod Temperatuare
TF Fluid Temperature
Ti1 Turbine Meter
TW Wall Temperature
V Voltage
GD Gamma Densitometer

|
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TABLE B-2. REGIONAL LOCATION CODES

Code Location

BDD Blowdown Section of Drive Line (RECIRC)
bOS Blowdown Section of Suction Line (RECIRC)
bP Core Bypass
BU Bundle
CFWL Cold Feedwater Line
CH Channel
DC Downcomer
DCJ1 Downcomer, JP1 Region
DCJ2 Downcomer, JP2 Region
DRY Dryer
DS Dryer Skirt
FWS Feedwater Storage Tank
FWT Feedwater Tank
GT Guide Tube
HFWL Hot Feedwater Line
HPCS High Pressure Core Spray (ECC)
JPl Jet Pump 1
JP2 Jet Pump 2
LID Recirc Loop i Drive Line
L2D 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
LlS Recirc Loop 1 Suction Line
L25 Recirc Loop 2 Suction Line
RCIC Reactor Core Isolation Cooling
SD Steam Dome
SEP Separator
SL Steam Line
SM Steam Manifold
SP Stand Pipe
SSP Separated Steam Plenum
UP Upper Plenum

B-6
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TABLE B-3. EXPERIMENTAL MEASUREMENT 5a

Nominal ,

Cold Lege

MPasurement initial. Length, Estimatedb
, Identifier location Description Calibration Range (in.) Uncertainty -

Pressure

PR-LPJ-ELC32 Centerline of lower crossover at flange 0,1500 psig 't6 pst
PR-DC-EL133 Bottom of downcomer, outside jet pumps 0,1500 psig 26 pst
PR-LPB-EL196 At side entry orifice inlet 0,1500 psig 26 pst
PR-UP-EL421 Upper plenum between sprays and stand 0,1500 psig 96 psi j

pipe inlet 26 psi |PR-50-EL 793 Top of steam done 0,1500 psig 26 pst i

PR-5L-01 Steam line at orifice 0,1500 psig 26 pst
PR -L25-20 Loop number 2 suction line 0,1500 psig ' 26 psi
PR-FWT-75 Feedwater tank steam space 0,1500 psig 26 psi

Differential Pressure

DP-DC-EL390 In downcomer at exp. Joint outlet up to -25,+15 in H O $7 2 0.61 F5 '-2
cn elev 447 outside standpipe

DP-LPB-ELO32 Centerline of lower crossover to -7.5,+22.5 in H O 12 20.61 F52elev 044 outside guide tube

DP-LPB-ELO44 From elev 044 up to elev 085 outside -25,+75 in H O 41 2 0.6% F5 .$ '

2guide tube in lower plenum upflow g
e

DP-LPB-ELOG5 From elev 085 up to elev 124 outside -25,+75 in H O 39 20.61 FS y2guide tube in lower plenum upflow o
v.

DP-LPB-EL124 Up to elev 135, below to above upper -7.5,+22.5 in H O 11 20.61 FS *
2

Crossover

DP-LPB-EL135 Up to elev 157 outside guide tube in -10,+30 in H O 22 20.6% F52lower plenum upflow

DP-LP8-EL157 Up to elev 180 outside guide tube in -10,+30 in H O 23 10.61 FS2 *

Icwer plenum upflow

DP-LPB-EL180 Up to elev 196 at ' side entry orifice -7.5,+22.5 in H O 16 20.65 F52inlet

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
. . . .. . . .. .. .. . . . .. . . . ..



TABLE 8-3. (continued)
/

Nominal
Cold Leg b

initial Length, Estimated

Identifier Locatfon Description Calibration Range (in.)_ Uncert aintyHeasurement
.

Differential Pressure
(continued)

DP-L PJ-ELO32 Centeritne of lower crossover to -1.5,*22.5 in H O 12 10.65 F5
2

elev 044 in lower plenum downflow

DP-LPJ-ELO44 From elev 044 up to elev 085 in lower -25,+75 in I:20 41 10.6% FS

plenum downflow |
1

DP-LPJ-ELO85 From elev 085 up to elev 124 in 1 ewer -25,*15 in H O 39 2 0.6% F 5
2 j

plenum downflow

DP-GT-ELO44 From elev 044 inside guide tube to -25,+15 in H O 46 20.6% F5
2

elev 090 ir. side

DP-GT-ELO90 From elev 090 inside guide tube to -25,+15 in H O 48 20.6% FS
2

co elev 138 inside&
DP-GT-EL138 From elev 138 inside guide tube to -25,+75 in H O 4P 2 0.6% F5

2 $
elev 186 inside near top >

DP-COR IN-1% From the downstream side of the side -30,+30 in H O 9 to.6% FS 7
2 m

entry orifice (eley 196) to elev 205 y
above nosepiece u,

A

DP-BU-EL209 Inside the channa1, in the bundle, -75,+ h in H O 16 20.6% FS
2

elev 209 (begin heated length) to
elev 226 upflow

DP-BU-EL225 Inside the channel, in the bundle. -75,+15 in 18 0 21 0.6% F5
2

elev 226 to elev 246 upflow

DP-BWEL246 Inside the channel, in the bundle, -75,+75 in H O 20 20.6% FS
2

, elev 246 to elev 266 upflow
|

DP-BU-Et.266 Inside the channel, in the bundle, -75,+15 in H O 20 20.6% FS
2

elev 266 to elev 286 upflow

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-,



TABLE B-3. (continued)

huminal
Cold Leg.

Phasurement Initial Length, Estimatedb
Identifier Location Description Calibration Range (in.) ~ Uncertainty

Differential Pressure
(continued)

DP-BU-EL286 Inside the channel, in the bundle, -75,+75 in H O 20 lto.61 F5 -2
elev 286 to elev 306 upflow

4

i

DP-8U-EL306 Inside the channel, in the bundle, -75,+75 in H O 20 20.61 FS-2
elev 306 to elev 326 upflow

DP-BU-EL326 Inside the channel, in the bundle, -75,+75 in H O 20 t0.6% FS2
elev 326 to elev 346 upflow

DP-BU-EL34G Inside the channel, in the bundle. -75,+75 in H O 13 2 0.61 FS -2
elev 346 to elev 359 upflow

ce DP-BU-EL359 In bundle above top of heated length -75,+75 in H O 9 - 2 0.61 FS -2

6 up to elev 368 m
'rn

DP-SP-EL190 In bypass, from above guide tube top -10,+30 in H O - 19 20.6% FS.- 42
to elev 209, begin heated length 4

ru
DP-BP-EL209 in bypass, outside channel, elev 209 -25,+75 in H O 37 to.6% FS'- -o2

up to elev 246 $.
DP-BP-EL246 In bypass, outside channel, elev 246 -25,+75 in H O 34 20.61 FS2

up to elev 280

DP-BP-EL280 in byoass, outside channel, elev 280 -25,+75 in H O 46 20.6% FS2
up to elev 326

DP-BP-EL326 In bypass, outside channel., elev 326 -25,+75 in H O 42 10.05 FS2
up to elev 368

DP-UP-EL372 In bypass, outside channel, above tie -7.5,+22.5 in H O 07 20.61 FS2
plate to upper plenum elev 379

. _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ .



TABLE B-3. (continued)

Nominal
Cold Leg b

Initial Length, Estimated
Measurement Calibration Range (in.) , Uncertainty

Identifier
Location Description

Differential Pressure
(continued)

DP-UP-EL379 In upper plenum f rom elev 379 to -7.5,+22.5 in Hp0 21 20.6% FS

elev 390 between LPCS, HPCS

DP-UP-EL390 In upper plenum between LPCS, HPCS up - 7. 5, + ?2. 4 in H O 10 10.6% FS
2 j

to elev 400 above ffCS

DP-UP-EL400 In upper plenum elev 400 up to -10,+30 in H O 21 20.6% FS
2

elev 421

DP-DC-EL133 In downcomer outside jet pumps to -25,+75 in H O 30 2 0.b% F S
2

elev 163 below recirc. loop conn.

DP-DC-EL163 In downconer outside jet pumps from- -7.5,+22.5 in H O 6 1C.6% F5
2

below to above (elev 169) recirc.
connecttonp

b DP-DC-EL169 In downcomer outside jet pumps -10,+30 in H O 15 to.6% FS a
2 gelev 169 up to elev 184

7
DP-DC-EL184 In downcomer outside jet pumps -25,+75 in H O 40 to.6% FS

2 y
elev 184 up to elev 224 o

DP-DC-EL224 In downcomar outside jet pumps -25,+75 in H O 3b t0.6% FS ui
2 *

elev 224 up to elev 260

DP-DC-EL260 In downcomer outside jet pumps -25 +75 in Hy0 42 20.6% FS

elev 260 up to elev 302

DP-DC-EL302 In downcomer, outside jet pumps below -10,+30 in H O 14 tu.6% FS
2

drive line conn. to above top of
pumps (elev 316)

DP-DC-EL316 in downcomer, elev 316 to elev 358, -25,+75 in H O 42 0.6% FS
2

top of heated length in core



. . .__ .
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TABLE 8-3. (continued)

Nominal
Cold Leg'

Measurement Initial Length, Estimateab
Identifier Location Description Calibration Range __ (in;) Uncertainty

Differential Pressure
(continued)

DP-DC-EL358 In downcomer up to expansion joint ' 25,+75 in H O 32 to.6% FS-
2

outlet flange at elev 390

DP-DC-EL447 In downcomer, outside stand pipe -25,+75 in H O 23 t0.6% FS2elev 447 up to 470

DP-DC-EL470 In downconer below feedwater conn. up -25,+75 in H O 32 10.6% FS2
to elev 502 below dryer skirt

DP-DS-EL502 From elev 502 in downcomer to elev 525 -10,+30 in H O 23 10.6% FS2
in dryer skirt

DP-DS EL525 From elev 525 in dryer skirt to elev 550 -25,+75 in H O 25 t o.f,% FS2

5 DP-05-EL550 From elev 550 in dryer skirt to elev 586 -25,*75 in H O 36 20.6% FS
~

2
m

DP-DS-EL586 In dryer skirt from elev 586 to elev 622 -25,+75 in H O 36 20.6% FS Q2
near top 7

I

DP-5M-EL 626 In steam manifold below steam line conn. -100,+300 in H O 86 2 0.t,% FS U2to top of manifold (elev 712) @
A

DP-SD-EL712 From top of manifold to elev 793 at top -100,+300 in H O 81 20.0% FS2
steam dome

DP-SP-EL447 in standpipe elev 447 up to elev 502 -25,+75 in H O 55 20.6% FS2

DP-SP-EL502 In standpipe elev 502 to separator inlet -25,+75 in H O 23 20.6% FS2at elev 525

DP-5EP-EL531 From elev 531 in separator to elev 595 -50,+150 in H O 64 t0.6% FS2below sep. top in plenum

DP-SSP-EL502 In downcomer below skirt to plenum at -10,+30 in it 0 23 to.6% FS2
elev 525

. - _ _ _ _ _ - _ _ - - _ _ .



TABLE B-3. (continued)

Nominal
Cold Leg

Initial Length EstimatedD

Identifier Location Description Calibration Range Jn.} UncertaintyMeasurement

Differential Pressure
(continued)

DP-55P-EL525 In separated steam plenum from elev 525 -25,+75 in H O 25 20.6% F5
2

to elev 550
|

| DP-55P-EL550 In separated steam plenum from elev 550 -25,+15 in H O 45 20.6% FS| 2

to elev 595

DP-55P-EL595 In plenum from elev 595 to dryer inlet -25,+75 in H O 27 to.6% FS
2

at elev 622

DP-DRY-EL622 Dryer inlet elev 622 to outlet at -450,+150 in H O 90 20.6% F52

elev 712

DP-JPI-EL140 in jet pump No. 1 tallpipe from elev 140 -50,+150 in H O 44 to.61 Fh
2

, to elev 184 oi
DP-JP2-EL140 In jet pump ho. 2 ta11 pipe from elev 140 -50,+150 in H O 44 t0.6% F5 9to

2

to elev 184 7
DP-JP1-EL184 In jet pump No. I talipipe from elev 184 -50,+150 in H O 40 20.6% FS N

2 @to elev 224 a-

DP-J2-EL184 In jet pump No. 2 tallpipe from elev 184 -50,+150 in H O 40 t0.6% F5
2

to elev 224

DP-JPI-EL224 In jet pump No. I from elev 224 to tail- -100,+300 in H O 63 to.61 FS2
pipe inlet at elev 287

DP-JP2-EL224 In jet pump No. 2 from elev 224 to tail- -100,+300 in H O 63 2 0.61 F 5
2

pipe inlet at elev 287
l

DP-JPI-EL297 In jet pump No. I mixer from outlet at -25,+75 in H O 10 to.61 F5
2

elev 297 to inlet at elev 307

._



_

|
|

|
-!

'

.1

TA8tE B-3. (continued)

Nominal |
Cold Leg

b
Measurement Initial Length, Estimated

Identifier Location Description Calibration Hange_ (in.) Uncertainty

Differential Pressure
(continued)

DP-#2-EL297 In jet pupp No. 2 miser from outlet at -25 +75 in H O 10 20.6% FS
2

elev 297 to inlet at elev 307

DP-DCJ1-EL311 In downcomer on jet pump No. I side of -7.5,+22.5 in H O 5 90.6% FS
2

baffle to above baffle at elev 316

DP-DCJ2-EL311 In downctaer on jet pump No. 2 side of -7.5, *22.5 in H O 5 20.6% F5
2

baffle to above baffle at elev 316

DP-FUELZ-C16 From jet pump No. I tallpipe at elev 149 -379.0,-187.1 in H O 437 20.6% F52
to dryer skirt at elev 585 o

7 DP-WR-C38 From bypass at top of heated length. -217.5,-62.9 in H O 228 10.6% FS 92
elev 358, to dryer skirt at elev 586 7-- ro

DP-NR-C50 From elev 509 in dryer skirt to elev 586 -66.1 -23.9 in H O 77 20.6% F5 g2 win skirt 4

DP-UPSET-CSI From elev 509 in dryer skirt to elev 7% -290.7.-164.2 in H O 281 10.6% FS2

in steam done

DP-SHTDN-C52 From elev 509 in dryer skirt to elev 796 -298.8,+97.2 in H O 287 10.6% FS2

in steam dome (redun)
-C

DP-SUP-24 Suppression tank liculd level -25 +75 in H O2

DP-FWT-74 Feedwater tank 11guld level 0,200 in H O 20.6% FS
2

DP-FWS-76 Deminerallied water tank 11guld level -25,+75 in H O 20.6% F5
2

above outlet nozzle

DF-HFWL-71 Hot feedwater flow, line 304 0,400 in H O O -C
2

|

l

I

_______ .
.

. _. _. . .. .. . .. .. . .. .. . -.. . _. .. .. .. .. . _ . .



TABLE B-3. (continued)

hominal
Cold Leg b

Initial Length, Estimated
Measurement Calibration Range __ (in.)_ g ertainty
Identifier

Location Description

Differential Pressure
(continued) -C

DF-CFWL-72 Cold feedwater flow, line 301 0.400 in Hp0 0

DF-RCIC-13 Reactor core isolation cooling flow. 0,300 in H O O -C
2

tubing line 310
t

DF-LPJ-ANI Lower plenum downflow annubar at elev 070 -25,+25 in H O O .-C
2

DF-LPB-AM2 Lower plenum upflow annubar outside guide -25,+25 in H O O -C
2

tube at elev 172

DF-COR IN-AN3 Core 191et flow annubar above side entry -75,+75 in H O O -C
2

orifice at elev 199 I

[ DF-DC-AN4 Downcomer flow annubar at elev 361 -30.+30 in H O O -C
2 o

DF-5N-AN5 Standpipe flow annubar at elev 450 -15,+15 in H O O - m
2 .%s

DF-JPI-AN6 Jet pump No. I tailpipe outlet flow -150,+150 in H O O -C k2 m
annubar at elev I42 o

DF-JP2-AN7 Jet pump No. 2 talipipe outlet flow -150,+150 in H O O -C $
2

annubar it elev 142

DF-LP8/J-AN8 Upper crossover flow annubar at elev 130 -25,+25 in H O O -C
2

DF.JPI-DIFF in jet pump No.1, diffuser inlet -1387.4,+388.2 in H O 10 -C
2

(elev 297) to outlet (elev 281) -

DF-JP2-DIFF In jet pump No. 2 diffuser inlet -1387.4,+388.2 in H O 10 -C
2

(elev 297) to outlet (elev 287)

DF-3C-OR01 .Downcoher reference orifice plate at 0.400 in H O 2 -C
2

elev 236 to 338

.. ..
. . .. .- . .. .

. _.
.

. . .. .. .. .



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .__ _. .. _,__ _ ._ . .

TARLE B-3. (continued)

Nominal
Cold Leg

Measurement Initial Estimatedb. Length}Identifier location Description Calibration Range (In. _U_nc,er t a in ty

Differential Pressure
(continued)

DF-LP/GT-C01 At elev 044 from inside guide tube to -150,+150 in H O O -C2outside guide tube in lower plenum

DF-L PDC-C11 from lower plenum below jet pumps at -500,+250 in H O 9 10.6s FS2
. elev 124 to downcomer outside JP at
) elev 133

DF-LPB/J-C12 At elev 124 from lower plenum below jet -150,+150 in H O O 20.61 F5 -2pumps to same below bundle
,

DF-L PJ2-C13 From lower plenum below jet pumps at -300,+300 in H O 16 20.65 F52elev 124 to jet pump No. 2 ta11 pipe
e at elev 140
e

5 DF-LPJPI-C14 From 10wer plenum below jet pumps at -300, +300 in H O 16 to.6% FS
~

2elev 124 to jet pump No. I tallpipe
at elev 140 Q

>
DF-BP/LP-C19 At elev 190 from lower plcnue to bypass -10,+30 psid 0 -C 7above guid(. tube m

N
DF-GT/BP-C20 From inside guide tube at elev 186 to -200,+200 in H O 4 10.6% FS @2

- bypass above guide tube at elev 190 A

i DF-CORIN-C21 At elev 1% from upstream to downstream -300,+300 in H O O -C2
sides of side entry ortf fce

DF-B U/BI-C22 In bundle above nosepiece at elev 205 -50,+150 in H O 4 20.61 FS2to begin of heated length at elev 209

DF-BU/8P-C23 At elev 209 from inside to outside -300,+300 in H O O -C2
channel

. _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _
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TABLE B-3. (continued)

Nominal 1
Cold Leg

D
Initial Length. Estimated

Identifier Location Description Calibration Range (in.) _ UncertaintyMeasurement

Differential Pressure
(continued)

DF-BDLPD-C24 From lower plenum at side en' ortf tce. -10,+30 psid 176 2 0.6% F5

elev 1%, to bypass at top s. channel, .|
elev 372 !

DF-DC# 2-C30 From downcomer at elev 311 to jet pump -150,+150 in H O 4 20.6% F5 )
2

No. 2 alter at elev 307

DF-DCJPI-C31 From downcomer at elev 311 to jet pump -75,+75 in H O 4 10.6% Fh
2

No. I mixer at elev 307

DF-JP2DL-C33 From jet pump No. 2 drive line at vessel -1000,+1000 psid u 10.6% F5 m
rn

to mixer at elev 307 5
Y DF-#1DL-C34 From jet pump No. I drive line at vessel -1000.+1000 psid U 20.6s F5 e

y
'

to mixer at elev 307 og
DF-UP/BU-C35 From inside channel at elev 368 to -50,+150 in H O 4 20.65 F5 %

2

outside channel at elev 372

DF-UP/8U-C37 In bypass outside channel across tie -30,+90 in H O 4 20.e% FS
2

plate from elev 368 to elev 372

DF-SP/UP-C42 From upper plenum at elev 421 to inside -600,+200 in H O 20 20.6% FS
2

standpipe at elev 447

DF-SP/DC-C49 At elev 502 from inside to outside -30.+30 psid 0 to.6% F5

standpipe

DF-5WIRL-C54 At separator inlet across swirl vane -300.+300 in H O 6 20.6% r5
2

from elev 525 to elev 531

DF-DS/SM-C62 From steam manifold at elev 626 to -75,+75 in H O 4 t0.6% F5
2

dryer skirt at elev 622

_ _ _ _ _ _ _ _ _ _ _ - .

. . . .. .. . .. .
.. . . . . . .. .

.
.
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TABLE B-3. (continued)
I

Norninal
Cold Leg '

.

Measurement Initial ' Length, Estimatedb
Identifier Location Descriptinn Calibration Range (in.)_ Uncertainty .

Differential Pressure -|
(continued)

DF-DR/SD-C70 At elu 712 from inside to outside dryer -75,+75 in H O O 20.6% F52

-C
DF-SRV-01 Across restricting orifice upsteam of 0,1000 psid

SRV-01

-CDF-5RV-02 Across restricting orifice upsteam of 0,1000 psid
SRV-02

-C
DF-SRV-03 Across restricting orifice upsteam of 0,1000 psid

SRV-03

-C $DF-SRV-04 Across restricting orifice upsteam of 0,1000 psid
cn SRV-04 2>

b 7
N DF-SRV-05 Across restricting orifice upsteam of 0,1000 psid -C m i

$RV-05 @ j
m

DF-SL-06 Steam flow orifice, line 401 -10,+30 psid -C *

DF-LID-11 Recirc loop No. I flow orifice, line 102 0,+150 in H O -C
2

DF-L2D-21 Recirc loop No. 2 flow orifice, line 201 0,+150 in H O -C
2

DF-805-20 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 H O O -C
2

line 501

DF-LPCS-51 Low pressure core spray flow orifice. 0,300 in Hy0 0 -C

line 502

DF-LPCI-61 Low pressure coolant injection flow 0,300 in H O O -C
2

l orifice, line 503
i



. - _ _ _ _ - - _ - _ _ _ _ _ _ _ _ - __ .

i

j

TAELE B-3. (continued) 4

i

Measurement EstimatedD
Identifier Location Description Calibration Range Uncertainty'.

Miscellaneous.

I-BUNOLE-0 Bundle electrical current .05, +50 k amp --

V-BUNDLE-0 Bundle voltage .05,+160 volt --

V-CH-EL20S Voltage on channel at elev 209 .05,+160 volt --

V-CH-EL362 Voltage on channel at elev 368 .05,+160 volt -- |

KW-BU80LE-0 Bundle power .5, 7200 kw 2 7 Kw 10.51 i

of reading

TF-LPJ-RTD1 In lower plenum down flow at elev. 044 60,800*F e4*F

TF-DC-RTD2 In downcomer between feedw4ter nozzle 60,800*F 14 *F
and dryer skirt at elev. 498

L M-PUMPI-10 Recirc Loop No. I pump speed 0,4000 rpm --

CD m
N-PUMP 2-20 Recirc Loop No. 2 pump speed 0,4000 rpm -. rn

Q.
eDD-L 25-20 Recirc Loop No. 2 suction line 204 drag -10,+10 MV --

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

f orce ,

TM-L25-20 Recirc toop 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
,

3
GD-BU-EL225 At elev 225, average fluid density along 0,62.4 lb/ft --

east-west path one row north of center-
line

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

east-west path one row north of center-
line

i

-
-___



--. - . -. -- - ~ _ - . . - . =

TABLE B-3. (centinued)

Measurement
. Estimateob

Identifier location Description Calibration Range Uncertainty

Miscellanews
(continued)

GD-BU-EL290 At elev 290, average fluid density along 0,62.4 lb/ft3 ---

east-west path one row north of center-
line

GD-EU-EL346 At elev 346, average fluid density along 0,62.4 lb/ft3 --

east-west path one row north of center-
line

Valve Position

PO-L15-10 Stem position of valve 664 in rectre loop .98,+.98 in --

ho. I suction line 105
cn PO-L10-11 Stem position of valve 1 in recirc loop .98,+.98 in --
' No. I driveline 102
* $

PO-L 20-21 Stem position of valve 8 in recirc loop .98,+.98 in 3=--

No 2 driveline 208 7
ru

PO-B DS-22 Stem position of valve 2 in recirc loop .90,+.98 in @--

No. 2 suction blowdown line 206 m
s-

PO-B DD-23 Stem position of valve 10 in recirc loop .98,+.98 in --

No. 2 drive blowdown line 203

PO-SL-06 Stem position of valve 601 in steam .99,+.98 in --

line 401

PU-L1/FW T-1 ? Stem pnsition of valve 611 in feedwater .98,+.98 in --

return line; 103

PO-SD/FWT-77 Stem position of valve 607 in vent .98,+.98 in --

line 308

PO-L25-20 Stem position of valve 614 in recirc loop .98,+.98 in --

ho. 2 suction line 205

.



TA8LE 8-3. -(continued)
bEstimated

Measurement Calibration Range _ Uncertainty

Identifier
Location Description

Valve Position
(continued)

PO-5RV-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

P0-5RV-03 Stem position of valve 604 in steam .98,+.98 in --

line 401

PO-SRV-04 Stem position of valve 605 in steam .98,+.98 in --

line 401

PO-5RV-05 Stem position of valve 606 in steam .98,+.98 in --

line 401
$

Conductivity >
-7

CP-LPB-ELO44 In lower plenum upilow, outside guide tube 0,8000 av
--

o

CP-LP8-ELO85 In lower plenum upflow, outside guide tube 0,8000 av --

$
CP-LPS-EL130

At centerline of upper crossover in upflow 0,0000 av --

| outside guide tube

CP-LPS-EL157 in lower plenum upflow, outside guide tube 0,8000 av --

CP-LP8-EL194 in lower plenum just upstream of side 0.0000 mv --

entry orifice inlet

CP-LPS-ELI % in lower plenum at centerline inlet of 0,8000 mv --

side entry orifice

CP-LPJ-Et032 At centerline of lower crossover in flange 0.0000 av -

CP-LPJ-ELO85 In lower plenum downflow 0.8000 av --

CP-LPJ1-EL131 At jet pump No. I tailpipe outlet 0,8000 av -



:m

.

TABLE B-3. (continued)

Measurement Estimatedb
Identifier Location Description- Calibration Range Uncertainty

Conduct ivity

(continued) l

CP-L PJ2-EL131 At jet pump No. 2 tallpipe outlet 0,8000 mv .--

CP-GT-EL144 In guide tube 0,8000 av --

CP-B U-EL 372 Inside channel above upper tie plate 0,8000 mv --

CP-BUIN-E205 Inside bundle inlet above nosepiece, below 0,8000 av --

lower tie plate

CP-BP-EL190 In bypass above guide tube top 0,8000 mV- --

CP BP-EL205 In bypass below lower tie plate 0,8000 av ---

CP-B P-EL361 In bypass above LPCI inlet & above top of 0,8000 mV ,--

CD heated length m
>L, 7CP-UP-EL379 In upper plenum below LPCS inlet 0,8000 mV ---
ru

CP-UP-EL400 In upper plenum above HPCS inlet 0,8000 mV --

*
CP-UP-EL424 In upper plenum at inlet to standpipe 0,0000 av --.

CP-SP-EL502 In standpipe below dryer skirt. outlet. 0,8000 mV --

separator inlet

CP-55P-EL622 In separated steam plenum at dryer inlet 0,8000 mV --

CP-DC-EL160 In downcomer outside jet pumps below 0,8000 mV- --

recirc loop suction nozzle

CP-DC-EL167 In rectre loop suction line at downcomer 0,8000 mV --

flange

CP-DC-EL172 In downcomer outside jet pumps above 0,8000 av --

recirc loop suction nozzle

.

_ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ __ __
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TABLE B-3. (continued)

'Estimatedb ,

fMeasurement
Identifier Location Description Calibration Range Uncertainty

Conductivit y

(continued)

CP-DC-Ell 80 In downcomer outside jet 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 --

CP-DC-EL490 In downcomer, above feedwater connection 0,8000 mV j--

CP-DCJ1-E309 In downcomer at jet pump No. I mixer inlet 0,8000 mV --

i

|CP-DCJ2-E309 In downcomer at jet pump No. 2 mixer inlet 0,8000 mV --

,

Q.b CP-DS-EL531 In dryer skirt at BW9 level 3 0,8000 mV --

3m

?CP-05-EL553 In dryer skirt at BWR 1evel 4 0,8000 mV -

ru .

''V

CP-DS-EL557 In dryer skirt at BWR normal level 0.0000 mV o--

CP-DS-EL561 In dryer skirt at BWR level 7- 0,8000 mV --

|CP-05-EL576 In dryer skirt at BWR. level 8 0,8000 mV --

;

CP-DS-EL613 In dryer skirt between separator outlet. 0,8000 mV --

dryer inlet |

CP-SM-EL633 In steam manifold below the steam line 0,8000 mV j--

nozzle ,

I

CP-5M-EL636 In steam manifold at center of steam line 0,8000 mV --

outlet nozzle |
j
,

..
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TABLE B-3. -(continued)

Measurement EstimatedbIdentifier Location Description Calibration Ranec Uncertainty

Conductivity
(continued)

CP-SM-EL640 In steam manifold above steam line nozzle 0,8000 mV --

CP-SM-EL660 In steam manifold 0,R000 mV --

CP-71-EL180 In jet pump No. I talipipe 0,8000 mV --

CP-JP2-EL180 In jet pump No. 2 tallpipe 0,8000 mV --

CP-DC-EL166 In recirc loop suction line at vessel 0,0000 mV --

flange

CP-DC-EL167 In recirc loop suction line at vessel 0,8000 av --

flange
- y Wall Temperature

- TW-LP8-ELO47 At bottom of lower plenum upflow pipe 60,800*F t 4*F
tv

g
T TW-LPB-EL105 Midway up lower plenum upflow pipe 60,800*F t4'F. b.-

,
'

TW-LP8-EL157 In lower plenum pipe wall above upper 60,300'F '24*F ui-
o-

crossover *

TW-LPJ-ELO64 In lower plenum downflow pipe 60,800'F t 4 *F

TW-LPJ-EL105 Midway down lower plenum downflow pipe 60,800*F 2 4 *F

TW-UP-EL390 In upper plenum pipe wall between HPCS, 60,800'F t4'F
LPCS nozzle

_

TW-UP-EL421 ' In upper plenum pipe wall at inlet to 60,000*F e 4'Fs

standpipe

TW-SD-EL 717 In steam done pipe wall above top of dryer 60,800*F 14 *F

__ -___-___..- _.
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TABLE 8-3. (continued)
bEstimated

Measurement Calibration Hange L'ncertainty
Location DescriptionIdentifier

Wall Teaperature_
Icontinued)

TW-DC-EL220
In downcomer pipe wall midway along jet 60,800*F 2 4 *F

pump tallpipe I

In downcomer pipe wall at top of heated 60,800*F t 4 *F |

TW-Dr.-EL358 core length elev.
i

In downcomer wall above feedwater nozzle
60,800*F t 4 'F

i

TW-DC-EL498 !

TW-8P-EL240 In pressure vessel wall in core region 60,800*F 2 4 *F

|

TW-BP-EL320E In pressure vessel wall in core region, 60,800*F 14*F o
g

east side 7
TW-8P-EL320W In pressure vessel wall in core region, 60,800*F t 4'F y

west side o

% TW-CH-235-N In channel wall, north side 60,800*F e 4 *F gm
*

TW-CH-235-W In channel wall, west side 60,800*F s t *F

TW -CH-2g5-N In channel wall, north side 60,800'F e4*F

TW-CH-295-W In channel wall, west side 60,800'F e 4 *F

In channel wall, north side between LPCI, 60,000'F t4'F
TW CH-355-N top of heated length

In channel wall, west side between LPCI, 60,000*F t 4 *F
TW-CH-355-W top of heated length

TW-5EP-EL613 In vessel wall between separator outlet, 60,800*F g 4*F

dryer inlet



- - - _ ..
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IABLE B-3. (continued) $

^2 ,

:s ,

Measurement 1stimatedb +,.Identifier - Location Description Calibration Range " bncertainty

Fluid Tegerature -
. *- ~'

.
,-

,
IF-LPB-ELO44 At bottom of lower plenum upf hw outside 60,800*F t 4 *F >~

guide tube
.

TF -L PB-EL105 Midway up lowar plenum outside guide tube 60,800*F t4*F

TF-LPB-EL124 In lower plenum upflow below upper 60.800*F 14*F
crossover, outside guide tube

TF-L PB-EL135 In lower plenum upflow above upper 60,800*F t 4 *F
crossover, outside guide tube

TF-LP8-EL157 In lower plenum upflow above upper 60,800*F t4*F
crossover

OTF-LPB-EL194 In lower plenum just upstream of side 60,800'F 2 4 *F gcp entry orifice inlet
E o

8m TF-LPJ-ELO44 In lower plenum downflow at elev 044 60,800'F t 4 *F $
o

TF-LPJ-ELO64 In lower plenum downflow 60,800*F 14 *F $
TF-LPJ-EL105 Midway down lower plenum downflow . 60,800*F 24*F

TF-LPJ-EL124 In lower plenum downflow at jet pump 60,800*F 24*F
outlets

TF-CT-ELO4 7 In guide tube near bottom- 60,800*F t 4 *F

TF-GT-ELO94 in guide tube part way up 60,800*F t 4'F

TF-GT-EL141 In guide tube above upper crossover 60,800*F t4'F
TF-GT-EL180 In guide tube near top 60,800*F 24*F

TF {0RIN-201 In bundle inlet, below nosepiece 60,800*F 24'F

_ _ . _ _ _ _



.
.

.
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TABLE B-3. (continued)
bEstimated

Measurcinent Calibration Range ___ Uncertainty
location Description _Identifier I

Fluid Termerature
(continued)

T F-B U-368-1
In bundle below upper tie plate 60,800*F 2 4 *F

TF-BU-368-2 In bundle below upper tie plate 60,800'F 2 4*F

TF-BU-EL372 Inside channel above upper tie plate 60,800'F 2 4*F

TF-BP-EL190 in bypass above top of guide tube 60,600'F 2 4 *F

+4*F
TF-BP-EL211 in bypass above lower tie plate 60,800*F

TF-BP-EL240 In bypass at elev 240 60,800*F 2 4 *F

60,800*F 24*F
TF.BP-EL280 In bypass at elev 280

60,800*F t 4'F
T F-B P-EL320 in bypass at elev 320

7
$ IF-BP-368-1 in bypass below upper t.ie plate 60,800*F #4'F

TF-BP-360-2 In bypass below upper tie plate 60,800'F 2 4'F o
rn

TF-UP-EL372 In bypass outside channel above upper 60,800*F e4*F Q
tie plate $

T F -UP-EL379 in upper plenum below LPCS inlet 60,800*F t 4*F
$

TF-UP-EL390 in upper plenum between LPCS, HPCS 60,800'F t 4 *F

nonles

TF -UP-EL421 In upper plenum at standpipe inlet 60,800*F e 4 *F

TF-5EP-EL531 In separator inlet 60,800'F 2 4'F

TF-SSP-EL622 In separated steam plenum at dryer inlet 60,800'F 2 4*F

TF-SP-EL465 In standpipe between inlet and feedwater 60,800*F 2 4 *F

conn. to downcomer

.
-



TABLE 8-3. (continued)

Measurement Estimatedb
Identiffer Location Description Calibration Range uncertainty

Fluid Terserature
(continued)

IF-DC-EL133 At bottom of downcomer outside jet pumps 60,800*F 2 4 *F

TF-DC-EL184 In downcomer outside jet pumps, above 60,800*F t 4 *F
recirc suction line nozzle

TF-DC-EL220 In downcomer outside jet' pumps 60,800*F 2 4'F

TF-DC-EL302 In downcomer outside jet pump miners 60,800*F t 4 *F
below recirc loop drive nozzle.

TF-DC-EL316 In downconer just above jet pumps 60,000*F t 4 'F

TF-DC-EL358 In downconer at top of heated core length 60,800*F t 4'F
elev

cm

/, TF-DC-EL390 In downcomer at expansion joint outlet 50,800'F t 4'F
"

resTF-DC-EL447 In down:omer, main vessel at expansion 60,800*F t 4*F >
joint inlet 7

TF-DC-EL465E In downcomer below feedwater connection, 60,000*F 2 4'F
east side g

TF-DC-EL465W In downcomer below feedwater connection, 60,800*F 2 4'F .i
west side

TF-DC-RTD2 In downcomer between feedwater nozzle and 60,000'F 2 4*F i
dryer skirt at elev 498

TF-DS-EL550 Midway up dryer skirt 60,800*F 24'F

TF-DS-EL622 At dryer skirt inlet 60,800*F 14'F

TF-5D-EL717 In steam dome above dryer outlet 60,800*F e4'T

TF-SD-EL792 At top of steam done 60,800*F 24*F

TF-JP1-EL140 In jet pump No. I tailpipe near outlet 60,800*F $4'F

_ - - - _ _ _ _ - _ _ _ _ - - - _ _ . . . __ . ._



__ . _ .
_ . ..

lABLE B-3. (continued)

EstimatenbMeasurcment
__

Identifier Location Description Calibration Range _ Uncertainty

Fluid Temperature

(continued)

TF-JP2-EL140 In jet pump No. 2 ta11 pipe near outlet 60,800*F t 4*F

TF-#1-EL220 In jet pump No. I midway along tallpipe 60,800'F e 4 *F

1F-JP2-EL220 In jet pump No. 2 midway along tallpipe 60,000*F t4*F

TF-JP1-EL285 In jet pump No. I at tallpipe inlet 60,800*F 2 4 *F

TF-JP2-EL285 In jet pump No. 2 at tailpipe inlet 60,800'F e4*F

TI-LPB-CTC) Lower plenum low flow probe at elev 147 60,800'F $ 4 *F

T2-LPB-CTC) Lower plenum low flow probe cooling water 60,800*F 24*F m
m

inlet k
N 13-LPB-CTCl Lower plenum low flow probe cooting water 60,000*F 2 4*F e

y" outlet o
TI-BUIN-CTC2 Core inlet icw flow probe at elev 204 60,800*F e 4 *F $

between nosepiece, lower tie plate

T2-BUIN-CTC2 Core inlet flow probe cooling water inlet 60,800*F t4'F

T3-BUIN-CTC2 Core inlet flow probe cooling water outlet 60,800*F 2 4*F

TI-BP-CTC3 Bypass flow probe at elev 211 above lower 60,800*F 34'F
tie plate

T2-8P-CTC3 Bypass flow probe cooling water inlet 60,800*F t 4 'F

13-BP-CTC3 Bypass flow probe cooling water outlet 60,800'F t 4'F

TF-CFWL-72 Cold feedwater line 301 at measuring 60,000*F t4*F
orifice

TF-FWT-75 Feedwater tank steam space 60,800'F 2 4 *F

i.

_ . - _ _ . - - - _ - - - _ - . - _ _ - - - -_-_- _ - . - _ . . _ - - __-.- _.-
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TABLE B-3. (continued)

Measurement Estimat:ob
Identifier

_
Location Description Calibration Range uncertainty

Fluid Teaperatun
(continued)

TF-FWT-74 Hot feedwater line 305 at feed pump 60,000*F 14 *F
discharge

TF-FWL-70 Ve'sel feedwater line 309 downstream of 60,800*F 14'F
mixing point

TF -HFWL-71 Hot feedwater line 304 at measuring 60,800'F t 4'F
orifice

TF -HPCS-40 HPCS injection line between vessel and 60,800*F 2 4 *F

ch*ck valve V421

TF-itPCS-41 HPCS injection line 501 at measuring 60,800*F t 4'F o
orifice g

7 TF-L PCS-51 LPCS delivery line at measuring orifice 60,800'F 2 4'F 7
@ between valves .462, 464 y

o
TF-LPCI-60 LPCI injection between vessel and check 60,800*F 14*F g

valve V510

TF-LPCI-61 LPCI injection line 503 at measuring 60,800'F $ 4 'F

orifice

TF-LI D-11 Recirc loop No. I drive line 102 at 60,80C"F t 4*F
measuring orifice

TF-L 2D-20 FWcirc loop No. 2 suction line 204 60,800*f t 4'F

TF-L2D-21 Recirc loop No. 2 drive line 201 at pump 60,800'F 4*F
discharge

TF-E00-23 Recirc loop No. 2 blowdown drive line 60,800'F 24'F*

TF-BDS-22 Recirc loop No. 2 blowdown suction 60,800*F e 4 *F

line 206



___._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_ ._ _ _ ,

,

1ABLE B-3. (continued).

Estimatedb
Measurement
Identifier Location Description Calibration Range Uncertainty

Fluid Tencerature
Icontinued)

TF-SUP-24 Suppression tank near bottom 60,800*F 24*F

TF-SL-01 Steam line 401 at measuring orifice 60,800*F e4*F

T-CABLE-1 Temperature of bundle transmission 60,800*F $4*F
power cable No.1

T-CABLE-2 Tenperature of bundle transmission 60,800*F t 4 *F

power cable ho. 2

T-CABLE-3 Temperature of bundle transmission 60,800*F t 4*F
power cable No. 3

Heater Rod Teaperature

T C-01-77-017d T/C located southeast side of rod 100,1897'F 2 0.8% .to

a of reading a
o m 1

TC-01-77-097 T/C located southeast side of rod 100,1697*F t0.8% %
'

of reading g
tv

TC-01-77-128 T/C located southeast side of rod 100,1897'F 20.8% o
of r.*ading $

TC-03-77-081 T/C located northwest side of rod 100,1897'F 20.8%
of reading

TC-03-77-101 T/C located northwest side of rod 100,1897'F 20.8%
of reading

TC-03-77-113 T/C located northwest side of rod 100,1897'F t0.8%
of reading

TC-03-77-121 T/C located northwest side of rod 100,1897'T 10.8%
of reading

__ . - _ - - _ _ _ - _ _ _ _ .



. - .

TABLE 8-3. (continued)

Measurement EstimatedbIdentifier Location Description Calibration Hange Uncertainty
Heater Rod Tegerature

- (continued)

TC-03-77-133 T/C located northwest side of rod 100,1897'F 20.8%
of reading

TC-04-78-048 T/C located southeast side of rod 100,1897'F t0.8%
of reading

TC-04-78-117. T/C located Southeast side of rod 100,1897'F 20.8%
of reading

TC-04-78-137 T/C located southeast side of rod 100,1897'F to.8%
of reading

TC-05-78-048 T/C located southwest side of rod 100,1897'F 20.8%
of reading

b TC-05-78-069 T/C located southwest side of rod 100,1897'F 10.8%~

of reading a
TC-06-77-128 T/C located northwest side of rod 100,1897'F 20.8% -

of reading
to

TC-06-77-141 T/C located northwest side of rod 100,1897'F f0.8% $
of reading g

1C-07-17-048 T/C located southwest side of rod 100,1897'F t0.8%
of reading

TC-07-77-069 T/C located southwest side of rod 100,1897'F 20.8%
of reading

TC-07-77-097 T/C located southwest side of rod 100,1897'F 20.8%. .

of reading
TC-07-77-105 T/C located southwest side of rod 100,1897'F 20.8%

.of reading

__ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _



- - _ - _ - _ - _ _ _ _ __ _ __ . _ __ -

TABLE B-3. (continued)

bEstimatedMeasurement
Identifier Location Description Calibration Range Uncertainty

Heater Rod Tegerature

Icontinued)

T C-08-77-097 T/C located southwest side of rod 100,1897'F t0.8%
of reading

TC-08-77-128 T/C located southwest side of rod 100,I897'F 20.8A
of reading

TC-08-77-137 T/C located southwest side of rod 100.1897'F 10.8%
of reading

TC-09-77-033 T/C located southeast side of rod 100.1897'F 2 0. 8% '
of reading g

%
TC-09-77-069 T/C located southeast side of rod 100.1897'F 10.8%

of reading h
ru
'O? TC-10-78-008 T/C located southeast side of rod 100.1897'F 20.8%

of reading $
M

TC-10-78-088 T/C located southeast side of rod 100,1897'F 20.8%
of reading

,

TC-10-78-117 T/C located southeast side of rod 100,1897'F 20.8%
of reading

TC-11-76-057 T/C located southeast side of rod 100.1897'F 20.8%
of reading

TC-11-76-077 T/C located southeast side of rod 100,1897'F 20.8%
of reading

10,11-76-097 T/C located southeast side of rod 100,1897'F 10.8%
of reading

TC-11-76-117 T/C located southeast side of rod 100,1897'T 20.8%
of reading

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _



TABLE B-3. (con',inued)

Measurement EstimatedD
Identifier Location Description Calibration Range t>ncertainty

Heater Rod Teveerature
(continued)

.

TC-11-76-13/ T/C located southeast side of rod 100,I897'F 20.8%
of reading

TC-12-77-033 T/C located southeast side of rod 100,1897'F 20.8%
of reading

TC-12-77-105 T/C located southeast side of rod 100,1897'F 20.8%
of reading

TC-13-77-117 T/C located southwest side of rod 100,1897'F 20.8% .

of reading |g

S
TC-13-77-137 T/C located southwest side of rod 100,1897'F 30.8%

of reading 7
cn

L TC-14-76-008 T/C located southwest side of rod 100,1897'F *0.8%
of reading y.W

TC-14-76-033 T/C located southwest side of rod 100,1897'F 20.8%
of reading

TC-17-77-033 T/C located northwest side of rod 100,1897'F 20.8%
of reading

TC-17-77-057 T/C located northwest side of rod 100,1897'F to.8%
of reading

TC-17-77-077 T/C located northwest side of rod 100,1897'F 208%
of readiag

TC-18-76-057 T/C located southeast side of rod 100,1897'F $0.8% i

of reading |

TC-18-76-069 T/C located southeast side of rod 100,1897'F 10.8%
of reading

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _. - - - -



_ _ _ _ _ _ _ _ _ _ _ _ _

i

!

|
,

TABLE 8-3. (continued)

bEstimated
Measurement
Identifier Location Description Calibration Range _ UncertaintJr

Heater Rod Tenperature
(continued)

T C-18-76-105 T/C located southeast side of rod 100,1897*F 20.81
cf reading

TC-18-76-141 T/C located southeast side of rod 100,1897'F 10.8%
of reading

TC-19-78-008 T/C located southeast side of rod 100,1897'F 20.8%
of reading

TC-19-78-048 T/C located southeast side of rod 100,1897*F t o. 8%
of reading

TC-20-78-017 T/C located southeast side of rod 100,1897*F 10.8%
of reading

o
m

? TC-20-78-048 T/C located southeast side of rod 100,1897'F 20.8%
of reading D

% 8

TC-21-78-069 T/C located southwest side of rod 100,1897*F 20.8% m"
of reading ,0,

*
,

TC-21-78-088 T/C located southwest side of rod 100,1897*F 20.8%
of reading

TC-22-78-057 T/C located southwest side of rod 100,1897'F 20.8%
of reading

TC-22-78-017 T/C located southwest side of rod 100,1897'F 10.8%
of reading

TC-22-78-097 T/C located southwest side of rod 100,1897'F 20.8%
of reading

TC-25-78-008 T/C located southeast side of rod 100,1897'F 20.8%
of reading

|

i

!

i

,



. . - - --- . . _ .

TABLE B-3. (continued)

Measurenent FstimatedD
'

Identifier Location Description Calibration Range uncertainty

Heater Rod Tesgerature
(conti nued)

TC-25-78-137 T/C located southeast side of rod 100.1897'F 20.0% .
of reading

TC-26-77-040 T/C located southeast side of rod 100,1897'F 10.8%
of reaJihg.

TC-26-77-061 T/C located southeast side of rod 100,1897'F 20.8%
of reading

TC-26-77-081 T/C located southeast side of rod 100,1897'F 10.8%
of reading

TC-26-77-101 T/C located southeast side of rod 100,1897'F 20.8%
of reading

c)
TC-26-77-113 T/C loc'ated southeast side of rod 100.1897'F t0.8% S2

of reading ]D
on

no
TC-29-77-033 T/C located southwest side of rod 100,1897'F 20.8% Qj

of reading um
4

TC-29-77-088 T/C located southwest side of rod 100,1897'F 20.8% .
of reading

TC-29-77-105 T/C located southwest side of rod - 100,1897'F t0.8%
of reading

TC-33-78-077 T/C 1rcated northeast side of rod 100,1897'F to.8%
of reading

TC-33-78-088 T/C located northeast side of rod 100,1897'F 0-0.8% of
reading

. _ - - - - _ _ .



_ _ _ _ - _ _ _ - . - _ _ _ - _ _ _ - - -

TA8LE 8-3. (continued)
|
i

Estimated-Measurement
Identifier Location Oescrirtion Calibration Range _ thocertainty

Heater Rod Tencerature
(continued)

1C-33-78-097 T/C located northeast side of rod 100,1897*F 0-0.R of
reading

TC-33-78-105 T/C located northeast side of rnd 100,1897'F 0-0.81 of
reading

TC-33-78-117 T/C located northeast side of rod 100,1897'F 0-0.81 of
reading

TC-33-78-128 T/C located northeast side of rod 100,1897*F 0-0.81 of
reading

TC-34-77-008 T/C located northeast side of rod 100,1897'F 0-0.81 of
reading

TC-34-77-017 T/C located northeast side of rod 100,1897*F 0-0.m of r$
reading gcn

TC-34-77-048 T/C located northeast side of rod 100,1897'F 0-0.81 of N

reading o"

TC-35-78-069 T/C located northeast side of rod 100,1897*F 0-0.81 of
reading

TC-36-77-017 T/C located southwest side of rod 100,1897'F 0-0.81 of
reading

TC-36-77-017 T/C located southwest side of rod 100,1897'F 0-0.81 of
reading

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

TC-38-78-137 T/C located northwest side of rod 100,1897*F 0-0.81 of
reading

_ _ _ _ _ _ _ . _ - _ _ _



.

TABLE 8-3. (continued)

Measurement Estimatedb
Identifter Location Description Calltsration Range Oncertal,ntyl

Heater Rod Temperature
(continued)

TC-33-18-141 T/C located northwest side of rod 100,1897'T U-0.8% of
reading

".-39 77-033 T/C located northwest side of rod 100,1897'F- 0-0.8% of -
reading

TC-39-77-057 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading

TC-39-77-105 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading. M

3=-
TC-40-78-088 T/C located northeast side of rod 100,1897'F 0-0.8% of 7

reading

4",
o

TC-40-78-137 T/C located northeast side of rod 100,1897'F. 0-0.8% of um
*readingN

TC-46-78-017 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading

TC-46-78-048 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading

TC-46-78-057 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading

TC-47-76-077 T/C located northwest side of rod 100,1897'F 0-0.8% of
reading

TC-47-76-097 T/C located northwest side of rod 100,1897'F 0-0.8% of -
reading

TC-47-76-117 T/C located northwest side of rod 100,1897'F . 0-0.0% of
readtre

l

. ._ , .. . .. . .. .. . .. .. . _ . .. _. .. . - . .
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TABLE 8-3. (continued)

hEstimated
Measurement
identifier location Description Calibration Range Urgertainty

Heater Rod Temperature
(continued)

TC-49-7' 069 T/C located northwest side of rod 100,1897'F 0-0.4s% of
reading

TC-49-77-088 T/C located northwest side of rod 100,1897'T to.8% of
reading

TC-53-77-020 T/C located northwest side of rod 100,1897*F 10.8% of
reading

TC-53-77-040 T/C located northwest side of rod 100,1897*F 20.8% of
reading

TC-53-77-061 T/C located northwest side of rod 100,1897'F 20.0% of
reading

b TC-53-77-101 T/C located northwest side of rod 100,1897'F 20.8% of $cm

reading g"
b

TC-53-77-121 T/C located northwest side of rod 100,1897'F to.8% of
reading -@

TC-54-76-069 T/C located northwest side of rod 100,1897'F 20.8% of
reading.

1C-54-76-076 1/C located northwest side of rod 100,1897'F 20.8% of
reading

TC-54-76-088 T/C located northwest side of rod 100,1897'F 20.8% of
reading

TC-55-78-008 T/C located northwest side of rod 100,1897'F 20.8% of
reading.

TC-55-78-033 T/C located northwest side of rod 100,1897'F +0.8% of
reading



_ _ . . - -

TA8LE 8-3. (continued)

Measurement EstimatedbIdentifier Location Description Calibration Range Uncertainty

Heater Rod Teaperature
(continued)

TC-55-78-076 T/C located northwest side of rod 100,1897'F 20.8% of
reading

10-57-77-117 T/C located northeast side of rod 100,1897*F 20.8% of
reading

TC-57-77-128 T/C located northeast side of rod 100,1897'F 20.8% of
reading

TC-62-77-077 T/C located southeast side of rod 100,1897'F to.8% of
reading

TC-62-77-117 T/C located southeast side of rod 100,1897'F 20.8% of
reading

o, TC-64-77-017 T/C located northwest side of rod 100,1897'F 20.8% of c3, reading ggup

TC-64-77-097 T/C located northwest side of rod 100,1897'F 20.8% of /3
'o

reading na
C3TC-64-77-141 T/C located northwest side of rod 100,1897'F 20.8% of I"

reading
TC-15-78-023 T/C located on electrode 100,1897'F 20.8% of

reading
1C-43-78-152 T/C located on electrode 100,1897'F' 10. 8% o f

reading

As of December 198?. See individual test data for any changes for specific tests.a.

b. GEAP-24962-1, March 1981.

c. Flow measurement differential pressure. Uncertainty is 0.6% of reading to.05% of full scale.

d. Distance, in inches, above bottom of heated length (which point is vessel elevation 208.56 in.).

- _ - _ _ _ _ _ _ _ _ _ - _ _ _ .



. _ . _ _
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1 AM T B 4 PROCESS MA5URIMNis
__

Corresponding
E m perimental

Measuremen t Indicated Meaturement
,ldentifter_ N ame-Location Range 10

Dif f erent ial
Pressure __

DPI-ID6 Loop No. I flow 0-10 opa DF-LID-11

DPI-107 Loop kn. ? pump DP (0-10n):4 psid --

DPI-IDA Loop No. 1 pump DP (0-100):4 psid --

DPI-109 Leon Nn. ? finw 0-10 opa DF-L PD-71
l)PI-835 HrC5 pump DP 0-1000 psid --

DPI-436 HPCS supply line finw 0-10 pstd --

OPI 437 HPCS delivery line finw 0 10 psid DF-HPCS-41 c)
9OPI 4RO LPCS pump DP 0-100 psid --

.
'sDPI-481 LPCS supply line flow 0-10 psid --

to
NDPI-525 LPCI puso DP 0 500 psid --

a g
e DPI-526 LPCI supply line flow 0-10 psid -- on

$$ Del-527 LPCI delivery line flow 0-10 psid DF-LPCI-61 35

F15-791 Feedwater return flow Later --

Electrical Current

II-R00 Hot feedwater pump current 0-?O emp --

Level

LI-165 Suppression tank sight glass Later DP-5UP-24

LI 400 ECC makeup tank sight glass Later --

LI-701 Operating, level (DC elev 155 to SD 0 100 --

elev 790)

LIC-711 Test vessel level (feed 0-100 --

valpe control)

LI-713 Test vessel level (55P elev 514 tn S5P 0-100 --

elev 591)

-r -_- __._ _ _ _
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14Pt i B 4 (Contipurrf)
-_

rueresponding
Imperimental

inttirated Measurement
Meaturearnt
Identifier Name-location Range ID

_

_

Temperature (continued)

TR-131-116 Warmup return line fluid temperature 0 600*F --

0 600*F TF-LID-11
TR-131-117 Loop No.1 Pump discharge fluid

temperature

TF-$UP-24
TI-132 Suppression tank fluid temperature'

,
--

TI en? [CC makeup tank fluid temperature
TF-HpCS-41

T I 45fi HPCS delivery line fluid temperature
TF-LPC5-51

TI-501 LPC$ delivery line fluid temperature *
TF-LPCI-61 saTI-546 LPCI delivery line fluid temperature

7
TIC-732 Downcomer fluid temperature, elev 431 300-600*F TF-DC-EL44 7

N
o

200-700*F TF-FWT-75
TI-780 Feedwater tank fluid temperature a

Elect-Ical Power
0-100 Kw --

Wi-302 Recirc pump loop No. I power
0-100 Kw --

Wi-303 Recirc pump l'oop No. 2, power

0-150 Kw --

Wi 403 (CC makeup tank heater power

0-80 Kw --

W1 454 HPCS pump power

0-40 Kw --

Wi-499 LPCS pump power

0-40 Kw --

WI-544 LPCI pump power
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TABLE C-1. TEST VESSEL AND FACILITY. EQUIPMENT ELEVATIONS

Elevation
(in . )-Location Description

__.

TEST VESSEL *

Centerline of lower plenum bottom crossover pipe 31.81

bottom of guide tube (inside) 43.62

Centerline of lower plenum upper. crossover pipe 129.56

131.4760ttom et Jet pumps

Top of facility concrete pad (ground level) 148.0

Centerline of recirculation 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 recirculation loop drive line nozzles 305.0

Centerline of LPCI 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

BWR Level 3 530.90

BWR Level 4 553.40

BWR normal level 557.40

BWR Level 7 561.40

bWR Level 8 636.50

Centerline of steam line nozzle 636.50

Top of steam dome (inside) 796.43

C-4
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TABLE C-1. (continued)

Elevation
Location Description (in.)

RECIRCULATION LOOPS AND SUPPRESSION TANK

Centerline of loop ho. I pump suction -53 1/2

Centerline of loop No. 2 pump suction 67 1/2

Center of small break orifice 168

Center of large break nozzle-suction line 168

Center of large break orifice-drive line 302

Bottom of suppression tank 154 1/2

Top of suppression tank 245

FEE 0 WATER HEATER AND PUMP

Bottom of heater vessel bottom flange 308 1/2'

Centerline of feedwater outlet nozzle 331 1/2

Top of heater vessel top flange 545

Centerline of feed pump suction 164

STEAM LINE AND FLASH DRUM

Bottom of flash drum 165

Centerline of oleed line inlet nozzle 299

Lenterline of steam Ifne inlet nozzle 331 1/2

Centerline of SRV/ ADS inlet nozzle 541

Top of flash drum 541-

ECC AND DEMINERALIZED WATER

dottom of ECC makeup tank 220

Top of ECC makeup tank 268 |

|
Centerline of HPCS pump suction 165 1/2

Centerline of LPCS pump suction 157 1/2

Centerline of LPCI pump suction 157 1/2

Bottom of demineralized water tank 170 1/2

'
C-5
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TABLE C-1. (continued)

. Elevation
Location Description (in.)~

Top of demineralized water tank 242

Centerlineofcoldfeedpump(P-34) suction 165

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

a. These test vessel elevations are also relative to the BWR/6 reference
elevation, which is near the inside of the bottom of the BWR/6 vessel.

C-6
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table C-2. VESSEL REGIONAL VOLUMES

Scaled BWR
aFIST Volume Volume

3 3Nodal Region (ft ) (ft )

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 1.50 1.50

Standpipe 0.54 0.54

Separator 1.15 1.15

Steam come 7.51 7.41

Total Volume 24.14 24.01

a. Standard BWR/6 Volume Divided by/624.

>

C-7
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IABLE C-3. AhNtAIAR AND ORIFICE FLOW CALClLATION CONSTANT 5a

.- . - . . . . . . . . -

W-LPJ. W-L PI). W-CoRIN W-0C- W-SP- W - JP I - W - JP I - W-LPU/J
Const ant ANI AN2 -AN3 AN4 AN5 Ah6 AN7 ANN

_

O 4.813 1.717 2.632 3.826 3.624 1.685 1.685 3.826
KB 0.7503 0.6259 0.7179 0.7432 0.1403 0.661 0.673 0.7432
8 1.IIDE-2 9.260E-3 1.031E-2 1.086E-2 1.080E-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
Al 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.589E-5 1.58 A- 5 1.589E-5 1.589t-5
fo(reverse) 1.0 1.0 1.0 1.0 1.0 0.9017 0.8107 1.0
f1 (reserse) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
to (forward) 1.012 1.0 1.0 1.014 1.014 1.023 1.023 I.014
f1 (forward) 0.531 8.0 8.0 0.536 0. 5 36 0.527 0.527 0.536

g3
rn

45W. W- W- W- W- W- W. W- W- W- W- W. W- .- w.
$3fonstant DC-OR01 LPC5-51 HPCS-41 LPCI-61 HFWL-71 CFWL-72 SL-06 NCIC-73 LID-11 L2D-?I SkV-01 tNV-02 Shv-03 SkV-04 SRV-OS

r1 no
ao d 2.296 466 0.408 0. 395 0.900 0.574 1.885 0.1362 1.20 1.20 0.229 0.229 0.39b U.459 U.bu6 C3

Ko 0.6491 0.6259 0.6431 0.6000 0.6533 0.6569 0.6692 0.5974 0.868 0.868 0.6005 0. BOO 4 0.6001 0.b017 u.6105 )(!
8 1.642E-2 1.549E-2 1.594E-2 1.485E-2 1.642E-2 1.642E-2 1.704E-2 1. 483E-2 2.0E-2 2.DE-2 1. 4 79E-2 1.479E-2 1.4HSt-2 - 1. 490E-2 1.S itt-?
Ao 0.9985 0.9985 0.9985 0.9985 0.9985 0.9985 0.9985 0.9965 0.9985 0.9985 0.9985 0.9985 0.9'Jub u.9985 U.y985
Al 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.927E-5 1.921E-5 1.927E-5 1.927L-5 1.927t-b l.927t-b
A 9. 956E *2 2.731E * 3 2.93)E+2 1.949E *2 5.360E+2 4/044E*2 1.018E *3 1.082E * 3 1.05E+3 1.05t*3 1.597t*2 1.594E*2 1.955E*2 2.089t*2 2.633E*2

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

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ _
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TABLE D-1. Purps

Typical
Operating Condition Suction Casing

DischargeManufacturer
Name and and Model Flow Head Speed Size Press

Number Number Type / Size (qpm) (ft) (rpm) BHP (inches) (psig) Material Design S/N

Feed pump United pump Centrifugal 14-89 250 3550 4, 2 Steel Vertical 45010-1 ;
isplit

P-662 F-1-1/2 x 9 HTC

Recirc United purtp Centrifugal 3, 1 -1/2 Steel Vertical 40286-1
split

Dump #1 P-31 F-1-1/2 x 13 HTC

Recirc United pump Centrifugal 120 695 3550 3, 1 -1/2 Steel vertical 41886-1
split

Pump #2 P-32 F-1-1/2 x 13 HTC

RCIC pump FWI, Inc. Piston 23.9 1660 400 26 2, 1 2050 Steel 5 piston SPP528

P-33 F No. 5 P- 1-1/4" x 2-1/4" psig
,

Cold feed FWI, Inc. Piston 9 1440 400 8.7 2, 1 1780 Steel 2 piston 2354A A3*

g
pump P-34 Fig. 1-1/4 x 2-1/4 psig g

No. P-100A

HPCS pump Roth Multistage 15 2250 1750 34.8 3, 2 1200 SS 10 stage 880047
horizontal

P-429 14TALG91062A-SB turbine shaft

LPCS pump Siemen & Hinsch Multistage 10 780 1750 10 2, 1-1/4 600 SS 5 stage 2332359
horizontal

P-474 CEHY 3105.42 turbine shaft

LPCI pump Siemen & Hinsch Multistage 25 530 1750 10.3 2-1/2, 1-1/2 600 SS 5 stage 2332360
horizontal

P-519 CEHY 3605.42 tubine shaft
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TABLE D-2. Motors

Manufacturer
and Model P & 10
or Serial Phase, Pump

Name Number HP , RPM Voltage Currert Freqq ency Frame Type Number

Feed pump GE SKS254BL105b 15 3555 460 17.3 3, 6v 254T KS P-662

Recirc GE SK404XAM904 60 1750 460 74 3, 60 404T K P-31pump #1 S/N: EFJ520102

Recirc Allis Chalmers-123 75 3530 460 85 3, 60 364TS RG P-32pump #2 1-5103-55650-1-1

RCIC pump GE SK256AN205A 20 1750 460 25.7 3, 60 256T K P-33No. AJ c)
9Cold feed GE SK4256Y2WF82 10 1800 440 13.4 3, 60 256 K P-34 7'? Dumo S/N: SX4202062 %un
cp

HPCS pump GE SK3248N?650 40 1770 460 47 3, 60 324T K P-429 I"
No. HH

LPCS pump GE SK254AL205 15 1750 460 21 3, 60 254T K P-474
No. CM

LPCI pump GE SK254AL205 154 1750 460 21 3, 60 254T K P-519
No. CM

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ -
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-TABLE 0-3. VESSELS AND TANKS

| Number andDesign Capacity ofPressure,
Name

and Number Size Design Temperature Material Heaters

:

Test vessel 180 gal Pressurized, 1311 psig, Steel 30-1.01F;

No. 685 heated 600 *F 24-0.97F;
8-1.04F

Total, Max =
7.2 MW

Feedwater heater 900 gal Pressurized, 1320 psig, 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

l' c1
rn"~

Flash drum Open, unheated Ambient, Steel --

j5600*F steamNo. 683 m
Ej'

Suppression tank Open, unheated Ambient, Steel --

jg
160*F water

i

__



TABLE D-4.1 REMOTELV OPERATED VALVES

) * Position Menufacturer
Name/ Site Pressure Type Type Control Indicator and Model tndg

location llumber (in.) v Rating Use Operator Operation Slanal 10 humber Material Connection

Steam V601 2 Throttle Piston Air to open Pa.-742 P0-5L-06 Valtek C.S. Flanged
line

Hot feed- V609 I-1/2 20 900f Throttle Diaphragm Air to open LiC-711 -- Masonellan L.5. Flanged
water 48-21134

Cold V610 1 1.2 1500# Throttle Dia-lever TIC-732 -- Masonellan 5.5. Thread
feedwater 29111

Retire VI l-1/2 900f Throttle Piston Air to open HL- PU-LID-Il Crane L.S. Flanged
loop #1 V TCAM-24 DAO-431
flow pattern

Recirc V8 1-1/2 28 900f inrottle Piston Air to open HL-155, PO-L20-21 Valtek C.S. Flanged
loop #2 TCAM-33 Mark i
flew

HPCS V418 1 2.3 1500# Throttle Dia- Air to open -- Masonellan 5.5. Ihread
cs delivery lever 29111

HPC5 V419 1 2.3 1500f Throttle Dia- Air to open -- Masonellan 5.5. Thread
return lever 29111 y

e

LPC5 V462 1 2.3 1500# Throttle Dia- Air to open -- Masonellan 5.5. Thread. y
delivery lever 29111 o

r.n
#

LPC5 V463 1 2.3 1500# Throttle Dia- Air to open Masonellan S.S. Ihread--

return lever 29111
|

LPCI V501 1-1/2 16.0 1500# Throttle Piston Air to -- Valtek C.S. Flanged |
delivery close Marn 11 )

l

LPCI V508 1-1/2 8 1500# Throttle Piston Valtek L.S. Flanged--

return Mark !!

Idarimup- V611 1 6.0 9004 Throttle Diaphragm HL- PU-Ll/FWT-17 Masonellan L.5. flanged
return 48-21114

Suction V2 3 110 900# Open/ Piston Air to ICAM-25 P0-BD5-22 Valtek C.5. F langed
line close close Mark I
bloudoun

Drive V10 2 46 '900f Open/ Piston Air to ICAM-21 P0-800-23 Valtek L.S. Flanged
line close close Mark I
blowdown

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE D-4.1 (Continued)

Position Manufacturer
Name/ Size Pressure Type Type Control Indicator and Model End

C
v Rating Use Operator Operation Signal 10 Number Material Connec tionLocation Number Qin.

WC5 V420 J/* 8 1500# Ey- Piston Air to -- Valtek L.h. Thread
inj./ Mark Il
return

Valtek C.t ThreadLPC5 V464 3/4 8 1500f 3-way Piston Air to --

inj./ Mark 11
return

Valtek C.S. FlangedLPCI V509 1-1/2 21 900# 3-way Piston Air to --

inj./ Mark Il
return

Safety V602 1-l/2 20 900# Open/ Diaphragm Air to ICAM-50 PO-5RV-01 Masonellan 0.5. flanged
relief 01 close close 48-21134

Safety V603 1-1/2 20 900# Open/ Diaphragm Air to ICM-52 PO-SRV-02 Masonellan C.S. Flanged

relief 02 close close 48-21134
m

Safety V604 1-1/2 20 900# Open/ Diaphragm Air to TCM-54 PO-SRV-03 Masonellan 0.5. Flangeo rn

relief 03 close close 48-21134 %o g
e

CD Safety V605 1-1/2 20 900# Open/ Diaphragm Air to TCM-56 P0-5NV-04 Masoneilan L.S. Flanged N

relief 04 close close 48-21134 @
Safety V606 1-1/2 20 900f Open/ Diaphragm Air to TCM-58 PO-SRV-05 Masonellan L.S. Flangeo
reitef 05 close close 48-21134

50/FWT V607 1 6.0 900# Open/ Diaphragm P'J-50/FWi-77 Masonellan C.S. Flanged
vent close 48-21114

conn.

System V608 1 2.3 1500f Open/ Dia-lever -- Masonellan 5.5. Ihread

vent close 29111

Bleed 4612 1 2.3 1500# Open/ Dia-lever Air to open LAL-7238 -- Masonellan 5.S. Ihread
close 29111

Recircf2 V614 3 110 150# Open/ Piston Air to open TCM-32 PO-L2S-20 Valtek C.S. Flanged

Suction close Mark I
Isol ation

Recirc fl V664 2 46 1500# Open/ Piston Air to open TCM-23 PO-L15-10 Valtek C.S. 61anged

Suction close Mark Il
isolation

Masonellan 5.5. ThreadFeed V668 1 0.6 1500# Open/ Ola-lever Air to open LAH-723A --

close 29111

|

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TA8LE D-4.2 MANUAL VALVES

Manufacturer
Pressure End and Figure

Name-Function Nue er Sire Type Ratino Material Connection Nud er

Test vessei drain V6?? 1/? Globe 2000a Steel Thread Smith OG80

Test vessel warmup V673 1-1/? Globe 1500b Steel Flange Hattersley 1876

Loopf? warmup V6?4 1-1/2 Globe 1500b Steel Flange Vogt 10683

Bleed Isol. V675 1 Globe 20008 Steel Weld Smith OG80

Warmup return V677 1-1/? Globe 1500h Steel Flang Rockwell Edwards 5268

Test vessel vent isol. V613 1 Globe 1500D Steel F1ance Hattersley 1876

Manual system vent V634 1/7 Globe 2000a Steel Thread Smith OG80

Feed tank went V635 1 Globe 2000a Steel Weld Smith OG80

DI water supply V636 1 Globe 7000a Steel Weld Smith OG80 m? 9* Hot feed vessel check V637 1-1/2 Check 2000b Steel Weld Vogt SN701 ?
r0Steam trap isol. v638 3/4 Globe 1500b Steel Flange Hattersley 1816 @

Feed pump suction V640 3 Globe 900b Steel Flange Velan F102-45PS-?TS

Hot feed return V641 1 Globe 2000a Steel Thread Vogt

Suppression tank recirc V660 ? Gate 200a Bronze Thread Stockham B106

Suppression tank drain v661 ? Gate 700a Bronze Thread Stockham B106

RCIC inlet V666

RCIC check V667 1/7 Check 7000a Steel Thread Smith OG80

System feed 1501. V669 1/? Globe 2000a Steel Thread Smith OG80

RCIC isol. V670 1/? G1nbe 2000a Steel Thread Smith OG80

Small break isol. V679 1/? G1che 2000a Steel Weld Smith OG80

Drive blowdown isol. V3 ? Globe 2500h Steel Flange Valtek Mark'Il

Suction blowdown isol. V7 3 Globe ?500b Steel Weld Valtek Mark 11

_ _ _ _ _ _ _ _ _ - _ |
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TABLE D-4.2 (co.itinued) ,

Manufacturer
Pressure End and Figure

Name-Function Number _ Size Type. Rating Material Connection _ Number

Cold feedwater 1501. V12 1 Globe- 1500b Steel Weld Velan 376
Y

Cold feed vessel check V13 1 Check 1500b Steel Weld Velan-

HPCS pump suction V416 2 Gate 300a Bronze Thread Stockham B-120

HPCS vessel check V421 3/4 Check 1500b Steel Thread Rockwell-Edwards 1838

HPCS bypass V424 3/4 Globe 2000a Steel Thread Vogt 12141

LPCS pump suction V460 2 Gate 150a Bronze Thread Pcwell 150

LPCS vessel check V465 3/4 Check 1500b Steel Thread Rockwell-Edwards 1838

LPCS bypass V468 3/4 Globe 2000a Steel Thread Vogt 12141 $
4

LPCI pump suction V505 1-1/2 Gate 2000a Steel Thread Vogt 12111 :

LPCI vessel check V510 1-1/2 Check 600b Steel Weld Pacific-1-1/2-30-LC

LPCI bypass V513 1 Globe 1500b Steal Vogt 15141

LPCI throttle 1/2 Globe 800b Steel Thread Vogt 2821

Feed throttle VI6 1 Plug 1440a Steel Weld FWI

Feed isol. V25 1 Globe- 1500a Steel Weld Velan 376
Y

a. At anbient temperature,

b. At elevated temperature, e.g., 800*F.

.

_ __ _- _ - _ - _
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TABLE D-4.3 kELIEF VALVES
,

Set Manufacturer,

Pressure and Model Serial'

mane Number Sire Orlflee (pste) Capacity Number Number

Deels. water return V18 1/2 x 1/2 -- 1050 -- -- --

Cold feed pump relief VI9 1x1 Baird 1601 -1-78-5H-MP1260-- -- --

NPCS pe g relief V417 3/4 x 3/4 1235 Lonergan LC 13-- -- --

LPCS pump relief V461 3/4 x 3/4 0.13 in. 435 52.0R gpm Farris 2145 58385-FF

LPCI pump relief V506 3/4 x 3/4 0.13 in. 385 49.44 gym Farris 2745 58384-FF
m

C Feeduster tank safety V615 2x2 0.674 in. 1320 1700 ''/hr Consolidated 19140/P2-1 TG08150

1442 25.550 lb/hr Farris 26FA24-170 58921-A8 MTest vessel safety V650 1-1/2 x --

2-1/2 y
$Test vessel safety V651 1-1/2 x 1400 23.8701b/hr Farris 26FA24-170 58926-A8--

2-1/2

Fill system regulator V613 1/2 x 1/2 Kates MFA 9-18 26689,--

t
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TABLE U-5. HEATER RODS |

Core Monufacturer: General Electric
Total number of rods: 62 |

Heated length: 150.0 in. 1

Rod diameter: 0.483 in.

D
Number of Elevations of

a
Mooel Serial Installed Installed Thermocouples Initial Position
humber humber. 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 69, 76, 76, 88 54

236 0 --

427 0 --

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

25 0 --

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
11 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 4 97, 117, 128, 137 8
21 0 - 16

2422 0 --

| 23 0 31--

4124 0 --

4825 0 --

5226 0 --

5627 0 --

5828 0 --

5929 0 --

6330 0 --

78 1 5 8, 48, 88, 117, 137 4

2 2 48, 69 5

3 5 8, 3, 88, 117, 137 10
504 0 --

;

; 5 3 17, 48, 69 20
; 6 4 69, 69, 88, 88 21

| 7 6 33, 57, 77, 97, 117, 137 22
i

C-12
,
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table D-5. (continued)

Core Manufacturer: General Electric
Total number of rods: 62 iHeated length: 150.0 in.
Rod diameter: 0.483 in.

bNumber of Elevations gf
f4odel* 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--

1d 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 Hod Type Code
Number Ratio of Actual Rod Power Reference Drawing

(moael) to Core-Average Rod Power 181F 145-182

76 1. 04 166B8929G4
77 1.01 16688929G5
78 0.97 16688929G6

D. Thermocouple elevations are measured upward from the bottom of the
heated length which point corresponds to vessel elevation 208.56 in.

ECCS Makeup Tank Manufacturer: Watlow
Total number of roas: 6

_

Nocel Heated Length, Diameter Serial
Numcer Nominal Power Voltage (in.) Number

Fire roa 25 kW 480 VAC 20, 0.995 Later
T34AX6A

I

Feedwater Heater Manufacturer:
Total number of roas: 24

Model Heated Length, Diaroter Strial
Number Nominal Power Voltage (in.) Number

12.5 kW 480 VAC Later

D-13
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TAeLE D-6.1 SENSORS HAVING IN0!VIDUAL CALI8 RATIONS

ASSOLUTE AND DIFFERENTI AL PRESSURE TRAN500CERS

10-50 se Output4-20 me. Output

Model Full Scale Transducer Serial Transducer Serial Transducer Sertal Transdicer Serial

Manufatturer Nisaber Range Number Nisaber Nisaber Number Number. Num6er Number Number

Rosemount 1151DP-3-E-12 30 in. H O 42 387069 47 382269 97 3138
2

1151DP-3-3-12 44 387013 48 382270 98 9566

45 387')16 99 15597

46 382268 162 18731

Rosamount 1151DP-4-E-12, 150 in. H O 15 142656 56 373473 100 1242
2

1151DP-4-8-12 16 142657 57 373474 101 12424

17 142658 58 373475 102 12430

24 153040 59 373476 103 12431
" 373477 104 1707325 153042

26 153043 6. 373478 105 17075
>

27 155900 62 373479 106 17076

32 161261 63 373480 107 17077

33 161262 64 373481 108 17078

34 161263 65 373482 109 17081o 0L 35 161264 66 373483 110 17082 9*
36 161265 67 373484 111 17235

37 161266 68 373485 112 100965 7
m

38 161267 69 373486 ha

39 161268 70 373487 3
40 161269 71 373488 *
41 161270 72 387238

43 387070 73 387239
49 356739 146 361815
50 356740 151 215889

51 361889 152 215890

52 361890 153 215801

53 373470 154 215892

54 373471 158 72379

55 373472 159 72330

Rosemount 1151DP-5-E-12 750 in. H O 14 114232 77 402390 113 1554 126 37437
2

IISIDP-5-8-12 18 146926 88 78752 114 1689

19 152495 89 78756 115 9843

20 1524 % 90 82188 117 13532

21 152498 116 13486 118 17I38

22 152499 147 363195 119 171481

28 156194 148 363196 120 35264

29 156195 149 363200 121 35267

30 156290 150 363209 122 35211
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TABLE D-6.1 (Continued)

ABSOLUTE AND DIFFEAENTI AL PRESSURE TRANSDUCERS

4-20 ma. Output 10-50 na Dutput

Model Full Scale Transducer Serial Transducer Sertal Transducer Serial Transducer Serial
Manufacturer Nisaber Raw Number N eber Nienber Nisaber humber Number Neber shamber

14 312337 155 146870 123 35272
75 351152 156 146969 124 35279
76 402388 157 146974 125 37436

Rosemount 1151DP-6-E-12 100 PSID 23 152638 95 69787 127 5648 133 12887
1151DP-6-B-12 31 156472 96 86837 128 5637 134 12888

91 109106 129 12879 135 12816
92 114281 1 30 12880 1 36 18598
93 101455 131 12881 137 30193
94 101456 132 12882 163 16876

Rosemount 1151DP-7-E-12, 300 PSID 160 32361 138 7369 140 12568
Il51DP-7-8-12 139 11178 141 12573

Rosemount 1151DP-8-E-12 1000 PSID 78 389290 81 389293 142 12890
cs ll51DP-8-B-12 19 389291 82 395596 f@
2. 80 3B9292 161 72912 >>

'son

Rosemount 1151GP-9-E-12, 1500 PSIA 83 287279 86 384394 143 53396 Sa

1151GP-9-B-12 84 375145 87 384395 144 77515 Ej
85 375148 145 77522 jn

Statham PD3000- 100 in. H O 5 26845 13 399902
100-18-11 8 35473

Statham PD3000- 200 in. H O 9 35935 10 359622
200-18-11

Statham PD3000- 400in.th0 6 27693 7 29422
400-18-11

Stathwa PDH3000- 750 in. H O 1 22971 3 219892
030-18-11 2 21984 4 22002

St atham PDH3000- 100 PSID 11 36552
100-18-11

Statham PDH)000- 1000 PSID 12 36339

(Olm)-18-Il

_ .____-____ _ ___ ___ - - _ _ _ - _ _ _ . ._



TABLE D-6.1 (Continued)

ASSOLUTE AND DIFFERENTIAL PRE 55tstE TRANSDUCERS

Voltsee output

Model Full Scale Transducer Serial Transducer Serial
Manufacto yr Number Ranee Num6er Number Number Number

Statham PM385TC 2 1 PSID 195 39 0 197 552

1-350 196 400

Statham PM385TC 1 2.5 P5ID 190 745 143 787

2.5-350 l'Il 746 194 788
192 786

Statham FM385TC t 5 P5ID 189 828 o
g

5-350 7
Statham PM385TC t 10 P510 187 821 188 823 N

y
10-350 o

%
Statham PM385TC t 25 PSID 184 817 186 833

25-350 185 818
o

5 Statham PM385TC * 50 PSID 181 829 183 831

50-350 182 830

8LH HND 100 P5ID 178 53677 180 53679

179 53678

Stratadyne DPT 2.0-1000 1000 PSID 171 20-121 ITS 20-128
' 172 20-123 176 20-131

173 20-126 177 20-132
174 20-127

_ _ _ _ _ _ _ _



TAALE D-6.1 (Continued)

Amasan5

Model Serial Probe Length Set for
Manufacturer thmber thmber Flow Path Dimension

Dieterich IAlst-73 10690.A.1 4.813
Dieterkh IAlut-73 10690.B.1 1.717
Dieterich IAsst-73 10690.C.) 2.632
Dieterich IAast-73 10690.0.1 3.826
Dieterich IAfst-/3 10690.E.1 3.624
Dieterich IAddt-73 10690.F.1 1.685
Dieterich IAlst-73 10690.F.2 1.685
Dieterkh IAsst-73 10690.G.I 3.826

c3
GRIFICE PLATES r:1

5
Model Serial Hols Dianeter 4Manufacturer 8haber 8haber (In.) ru

Oo DC-CR01-1 1.722 aL DC-OR01-2 2.2%
N Daniel 520 29489 0.900

Daniel 520 29491 0.574
Daniel S20 29518 0.1362

HPC5-41 0.408
LPC5-51 0.466
LPCI-61 0.395

Daniel 520 29493 1.885
Daniel EPO 29523 0.229
Daniel 520 29522 0.229
Daniel 520 29525 0.398
Dan el 520 29527 0.459
Daniel 520 29490 C.606

LID-Il 1.20
L20-21 1.20

Daniel 5?O 29492 0.317

.

;

| _ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ . .- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE B-6.2 SIGaAL CONDITIONING EQUIPMENT
.

Model Serial
item Manufacturer lhamber Ntaber Gescription

Feuer sapply Channel V supply for

Freemps Neiport 80A Strain gage excitation and balance,
50 channels

Amplifiers Neiport 604, 70A 210VD output 2K gain, 3Hz-100KHz
filter, 50 channels

Amplifier Heeport R10A-C 252124-252133 10 channel rack for ampitfiers, balance
Reds modules

T/C Reference Valldyne TR41-85TT 881 85 channel,150'F reference, type K
Junction T/C's

T/C reference Valldyne TR415-50TT 8822 50 channel,150'F reference, type J
juncton T/C's

T/C reference Acronag 343 81014 25 channel,150*F reference, type J T/C's @* Junctlen g
T/C reference Ny-Cal 202I-JIO0 47334 100 channel 150'F reference, type J rb
Junction engineering T/C's y
T/C reference Hy-Cal 150-8s-100-K/ 44231 100 channel,150'F reference, type J or
Junction engineering 100-J type K T/C's

Conductivity General 04 64 channels
prete circuits Electric 18tF145-171

*

Te65me meter Flow PRI-107A 161257 Bidtrectional, pulse rateneter
Technology PRI-102FR 161261

.

I

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . - _ _ _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - --_
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M

TABLE b-6.3 SENSORS HAVilIG CLASS-C0p000N CAllORATIONS

Serial Transducer

Sensor Manufacturer _ Type Use lhamber Code Number _

Thermocouples General Electric / Chromel-Alumel Only in heater None 202

Claud 5. Gordon rods

Thermocouples General Electric / Iron- Fluid, well None 204

Claud 5. Gordon Constanten temperatures

I
Conductivity General Electric A.B.C; Dug. Liquis level 1-46 200

18tfl45-401probes

LVOT SCHAEVITZ 1000 HPD Valve sten 212
o4 position

o indicators g
7
N
8

- _ _ _ _ _ _ _ _ _ -- _



_ -.

TAKE D-6.4 BATA AC4Wl511305 EQUIPIENT
<

Rodel Sertal
Item Paumfacturer Ihmiker Ihaber DescrleLlen

M seff System 620
Series 500

ABC Reff Systen 620
Series 400 256 channel low level cultiplener

Act asff System 620 256 channel high level multipleser )Series 41C '

Nielcamputer Itewlett- 21F 256K Main frame memory with floating
Packard point processor. Model 129798 I/O

Estender and required interf ace cards. o
rnSisk newlett- 7925 2153A17055 60 megamord g

Packard
i

? Tape drive #1 Itewlett- 7970E 1600 bpt, phase encoded. 45 IPS E$S Packard g
Tape drive #2 Hewlett- 7970E 16081 bpl. Phase encoded. 45 IPS

Packard

Terstmal #1 Itewlett- 2648A Graphics terutnal w/ dual tape cartridge
Packard

Tereleal #2 Itewlett- 26404 Graphics terminal w/ dual tag cartridge
Packard

Printer Versatec 1200 200 dots / inch

Tr====r/ feetrescape 19/5 20 70264
display

video monitor Conrac 5211C19

:

__ _ _ _ _ _ _ _ _ _ - - - - . _ _ -
. .. .

. - . - - - -. --
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SOFTWARE LIST

Table Number Name Page

E-1 Data Acquisition System E-4

E-2 Data Processing System E-7 )
|

|

|

E-3

_ . . . . .
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TABLE E-1. DATA ACQUISITION SYSTEM

Program
Number Name Description

1. MPXT 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.

2. - TINIZ- Program TINIZ allows the user to create or modify a
' work file'; work files includc the PID table and
descriDe a data acquisition run, including the recording
plan and requ.irements for limit checkirg. Work files
are stored permanently on the disk.

3. CALIB To modify of look at the contents of the transducer
file, the user must run CALIB. The user may ado
transducers, change data for a transducer or display the
contents of the transducer file. When doing an update,
the user must provide a password.

4. HIST 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.

S. UPZER 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.

6. ICHEK 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 printeo on the screen.

7. SCHEK 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 oe equal, together; in the same way, the
user defines those flows comprising a control volume and
groups those control volumes which are f:xpected to
equal, together.

E-4

_ _ _ _ . , .. -
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TABLE E-1. (continued)

Program
Wumber Name Description

8. SETUP SETUP initializes the data acquisition mode including
the multiple er, system comon and the on-line
calculations and limit checking based on the user input
and the selected work file.

9. R0P The user runs R0P in the data acquisition mode and
enters a command; depending on the comand, R0P will
schedule another program / programs to run or process the
command itselt. Programs include SCAN, TCHER, initial
conditions bar chart and alpha-numeric displays on video
screens.

10. SCAN 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.

11. TCHEK 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.

12. WRMT 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 t 'ch
magnetic tap buffer fills.

13. MEANS Program MEANS provides a statistical data analysis of a
given data acquisitica run. Data for a prescribed time
interval is processeo 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.

14. X181T 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 on
millivolts. (Mil 11 volts apply only to 'A' values).

15. FSTDR Program FSTDR allows the user to convert raw test data
stored on magnetic tape during data collection to
engineering unit format; save that con,erted data on a
"wrapup" magnetic tape; and then display the engineering
unit time histo'y in a variety of printed, plotted, or
schematic forms. Calculations include all derived
quantities.

E-5
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-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.

,

E-6
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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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