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ABSTRACT.

'

This report presunts a descriptive plan of tests for the Systems Effects Task of the
j Full-Length Emergency Cooling Heat Transfer Systems Effects tests (FLECHT

;

SEASET). This task is designed to produce exparimental data which can be used to '

address issues related to natural circulation cooling modes in a pressurized water reactor

(PWR). The natural circulation tests were planned in direct response to the accident at

Three Mile Island. The tests consist of natural circulation and reflux condensation
cooling experiments using electrical heating rods to simulate current nuclear core arrays

) of PWR and PWR fuel vendors. The FLECHT SEASET systems effects test facility with
1

) a scale factor of 1/307 with respect to a four-loop 3411 MWt PWR was used, the
j facility was designed with all elevations identical to those of a PWR. Two full-height

steam generators with active secondary side heat removal are also part of the system
design. All tests were conducted with a cosine axial power profile. The data obtained

from these tests will be used to evaluate the effects of components and systemsa

| parameters during natural circulation cooling modes,

i
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GLOSSARY '

This glossary explains definitions, acronyms, and symbols included in the text which
fellows.

Analysis -- The examination of data to determine, if possible, the basic physical
processes that occur and the interrelation of the processes. Where possible, physical
processes will be identified from the data and will be related to first principles.

Average fluid conditions -- average thermodynamic properties (for example, enthalpy,

quality, temperature, pressure) and average thermal-hydraulic parameters (for example,

void fraction, mass flow rate) which are derived from appropriately reduced data for a
specified volume or a specified cross-set..ional area

Axial peaking factor -- ratio of the peak-to-average power for a given power profile

Blocked -- a situation in which the flow area in the rod bundle or single tube is purposely

obstructed at selected locations so as to restrict the flow

Bottom of core recovery (BOCR)-- a condition at the end of the refill period in which
the lower plenum is filled with injected ECC water as the water is about to flood the
core

Bundle -- a number of heater rods, including spares, which are assembled into a matrix

with CRG-type rods, using necessary support hardware to meet the Task Plan design
requirements

Carryout -- same as carryover

|

Carryout rate fraction -- the fraction of the inlet flooding flow rate which flows out
the rod bundle exit by upflowing steam

Carryover -- the process in which the liquid is carried in a two-phase mixture out of a
control volume, that is, the test bundle

v
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Computational methods -- the procedure of reducing, analyzing, and evaluating data or

mathematical expressions, either by hand calculations or by digital computer codes

Computer code -- a set of specific instructions in computer language to perform the
desired mathematical operations utilizing appropriate models and correlations

Computer data acquisition system (CDAS) -- the system which controls the test and
records data for later reduction and analysis

Computer tape -- magnetic tapes that store FLECHT SEASET data

Core rod geometry (CRG) -- a nominal rod-to-rod pitch of 12.6 mm (0.496 inch) and
outside nominal diameter of 9.50 mm (0.374 inch) representative of various nuclear fuel

vendors' new fuel assembly geometries (commonly referred to as the 17xl? or 16x16

assemblies)

Correlation -- a set of mathematical expressions, based on physical principles and

experimental data but resting primarily on experimental data, which describes the
thermal-hydraulic behavior of a system

Cosine axial power profile -- the axial power distribution of the heater rods in the CRG
bundle that contains the maximum (peak) linear power at the midplane of the active

heated rod length. This axial power profile will be used on a!! FLECHT SE ASET tests as

a fixed parameter.

Data -- recorded information, regardless of form or characteristic, of a scientific or

technical nature. It may, for example, document research, experimental,

developmental, or engineering work, or be usable to define a design or process or to

j procure, produce, support, maintain, or operate material. The data may be graphic or

pictorial delineations in media such as drawings'or photographs, text in specifications or
related performance or design type documents, or computer printouts. Examples of

I

data include research and engineering data, engineering drawings and associated lists,

specifications, standards, process sheets, manuals, technical reports, catalog item
identifications and related information, computer programs, computer codes, computer

data bases, and comput er software documentation. The term dat a

vi
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does not include financial, administrative, cost and pricing, and management
information or other information incidental to contract administration.

Data validation -- a procedure used to ensure that the data generated from a test meet

the specified test conditions, and that the instrumentation was functioning properly
during the test

.

Design and _ procurement -- the design of the system, including the specification
(consistent with the appropriate Task Plan) of the material, component, and/or system
of interest; and the necessary purchasing function to receive the material, component,

End/or system on the test site. This does not preclude Contractor from constructing
components and systems on the test site to meet requirements of the Task Plan.

, ECC -- emergency core cooling
!

,

Entrainment -- the process by which liquid, typically in droplet form, is carried in a
flowing stream of gas or two-phase mixture

Evaluation -- the process of comparing the data with similar data, other data sets,
existing models and correlations, or computer codes to arrive at general trends,
consistency, and other qualitative descriptions of the results

Fallback -- the process whereby the liquid in a two-phase mixture flows countercurrent
to the gas phase

FLECHT -- Full-Length Emergency Core Heat Transfer test program

FLECHT SEASET -- Full-Length Emergency Core Heat Transfer - Systems Effects and
Separate Effects Tests

FLECHT SET -- Full-Length Emergency Core Heat Transfer - Systems Effects Tests

vil
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Heat transfer mechanisms -- the process of conduction, convection, radiation, or phase

changes (for example, vaporization, condensation, boiling) in a control volume or a

syst em

Hypothetical -- conjectured or supposed, it is understood that this program is concerned

with study of physical phenomena associated with reactor accidents that have an
extremely low probability and are therefore termed hypothetical.

Loss-of-coolant accident -- a break in the pressure boundary integrity resulting in loss

of core cooling water

Model -- a set of mathematical expressions generated from physical laws to represent

the thermal-hydraulic behavior of a system. A model rests on physical principles.

PMG -- Program Management Group

Pressurized water reactor (PWR)-- a nuclear reactor type in which the system pressure

exceeds saturation pressure, thus preventing gross vapor formation under normal

operating conditions

Reduce data -- convert data from the measured signals to engineering units. In some

cases the data are manipulated in a simple fashion to calculate quantities such as flows.

Separation -- the process whereby the liquid in a two-phase mixture is separated and

detached from the gas phase

Silicon-controlled rectifier (SCR)-- a rectifier control system used to supply de current

to the bundle heater rods

Spacer grids -- the metal matrix assembly (egg crate design) used to support and space

the heater rods in a bundle array

Test section --lower plenum, bundle, and upper plenum

vill
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Tcst site -- the location of the test facilities where tests will be conducted

Transducer -- the devices used in experimental systems that sense the physical
quantities, such as temperature, pressure, pressure difference, or power, and transform

them into electrical outputs, such as volts

Unblocked -- the situation in which the flow area in the rod bundle or a single tube is
not purposely obstructed

f
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SECTION 1

SUMMARY

As part of the NRC/EPRl/ Westinghouse Full-Length Emergency Cooling Heat Transfer
Separate Effects and Systems Effects Test (FLECHT SEASET) heat transfer and
hydraulic program,(O a series of natural circulation tests were conducted on a test

facility whose dimensions are scaled to those of current PWRs with a scale factor of

1/307. The purpose of these tests is to identify hydraulic and heat transfer phenomena

during natural circulation, to provide a data base for code assessment,,and to evaluate

the results obtained in other scaled natural circulation tests.

Thermal-hydraulic phenomena such as reflux condensation and natural circulation have

received increased interest because of the Three Mile Island (TMI) accident, and can be

of fectively studied in the FLECHT SEASET facilities.

This document describes the data requirements, instrumentation plan, facility
description, test matrix, r.nd methods of data reduction and analysis for Task 3.2.7,
Natural Circulation Cooling Task, in the FLECHT SEASET program,

in this program, the existing FLECHT facility (2) was modified to accept a new heater

rod bundle whose dimensions are more typical of the PWR fuel rod array sizes currently

in use by PWR vendors, and an upper plenum more typical of present PWR upper plenum
geometries.

Sufficient instrumentation was installed in the test facility that mass and energy
balances can be computed from the data. In addition, the instrumentation was developed

to allow the calculation of average thermal-hydraulic conditions in the system. This
information can be used to develop or verify thermal-hydraulic natural circulation models.

1. Conway, C. E., et al., "PWR FLECHT Separate Effects and Systems Effects Test
(SEASET) Program Plan," NRC/EPRI/ Westinghouse-1, December 1977.

2. Cleary, W. F., et al., "FLECHT-SET Phase B System Design Description,"
WCAP-8410, October 1974.

|
|
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SECTION 2

BACKGROUND AND TASK OBJECTWES

2-1. BACKGROUND

Since the Three Mile Island accident, an increased interest has developed in different

long-term postaccident cooling modes. Cooling modes of primary interest are
single-phase natural circulation, two-phase flow natural circulation, and reflux
condensation circulation. The FLECHT SEASET systems effects test facility offers the
capability to conduct natural circulation tests, since the elevations are maintained at

full height and the primary system is power / volume scaled, with a scale factor of 1/307,
such that the proper heat sources and sinks exist in the facilities.

in addition, one of the unique advantages of this facility is the extensive instrumentation,

evollable in the steam generators, which can provide detailed characterization of their
behavior during various natural circulation cooling modes.

As with any scaled test program, some compromises exist. These scaling compromises
are identified in this document and, where possible, suggested actions to address this

concern are discussed. It is believed, however, that regardless of scaling ef fects, the

proposed tests will add significantly to an understanding of the thermal-hyoraulics of
. reflood, reflux boiling (condensation), and natural circulation, and shoulo be pursueo as
4

1

part of the FLECHT SEASET program.

2-2. TASK OBJECTIVES

The objectives of the natural circulation tests in the systems test facility are as follows:

!
To provide a single-phase and two-phase natural circulation data base over a range of

--

rod bundle powers such that natural circulation calculations can be verified

To examine core cooling transitions between single-phase, two-phese, and reflux--

condensation

2-1



To examine system response and stability in a two-phase or reflux condensation--

mode, and in particular, cha:acterize the steam generator behavior in these cooling

modes
,

i

!
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SECTION 3
-

DATA REQUIREMENTS

Data requirements are determined by the task objectives presented in paragraph 2-2 of

this report and by contract commitments as presented in the work scope for the Systems

Ef fects Task (appendly A). In order to meet the task objectives, test facility
instrumentation must be designed to provide sufficient data for calculating the following:

Mass and energy balances around each loop component--

,

Global and local thermal-hydraulic conditions to assess models used to interpret. --

natural circulation phenomena, and to identify flow and heat transfer regimes
during natural circulation and reflux condensation cooling modes

Table 3-1 summarizes the basic data which had to be obtained, using instrumentation

that would allow the above calculations to be made and hence accomplish task
1 objectives and task work scope. A more detailed description of bundle and system

instrumentation is presented in section 6.

;

't

<

1

t
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TABLE 3-1

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS
BASIC DATA TO BE OBTAINED

Desired Data Means of Measurement Location

Cladding temperature Heater rod thermocouples inside surface of heater rod cladding at
various axial and radial bundle elevations

; Fluid temperatures Fluid thermocouples, heated injection lines; test section plena; and bundle
; thermocouples, and bare thermo- - at various elevations: downcomer, crossover

couples pipe, steam generator inlet and outlet plena;
tube primary side and secondary side at
various elevations; broken and unbroken cold
legs; and accumulators

t

Housing temperatures Wall thermocouples Housing and plenum outside surfaces '

[ Steam generator temperatures Wall thermocouples Steam generator plena, tubesheet, tubes, and
snell surfaces at various elevations

Piping and other component Wall thermocouples Downcomer, crossover pipe, injection lines,
,

temperatures hot legs, cold legs, at various elevations' '

injection flow rates Turbine meter and rotameters injection lines, both gas and liquid

Reflux flow Rotameter Hot legs just before the hot leg test vessel

Test section flows Bidirectional turbo-probe Crossover pipe

|
,
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TABLE 3-1 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS
BASIC DATA TO BE OBTAINED

Desired Data Means of Measurement Location

Static pressures Static pressure transducers Test section upper plenum, steam generator
secondary side, downcomer extension,
steam generator seccndary side orifice flow-
meters, accumulators, cold leg, UHI, and
gas injection lines

Rod bundle # DP cells Every 0.30m (12 in.) along the axial length of rod
bundle, overall AP across the 3.66 m (144 in.) length
of the bundle

Levels DP cells Downcomer; test section upper plenum at
various elevations and overall; steam gen-

Y erator inlet and outlet plenums, primary*
side inlet tubes at various elevatior.s, and
overall secondary side; accumulators; hot '

leg risers; and pump loop seal downhill legs

F across DP cells Crossover pipe, test section upper plenum to
components top of downcomer, overall broken and unbroken

hot legs, steam generator inlet to outlet plenums,
overall broken and unbroken cold legs test
section ground plate; upper core plate; steam
generator secondary side flow orifice plate

) flowmeters; and cold leg injection location

-_ _ _ _ = _ _ _ _ _ _ _ _
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SECTION 4

SCALING

4-1. INTRODUCTION

The FLECHT SEASET systems effects test facility was originally designed for low-
pressure reflood systems effects testing. The nominal design of the facility was for
0.41 MPa (60 psia), which would be representative of a high-pressure PWR
containment during the calculated reflood transient. However, when the Three Mile

Island accident occurred, the priority of testing was rearranged and it was desired to

modify the test facility to investigate natural circulative cooling modes typical of a
small-break loss-of-coolant accident. The small-break transients of interest,
however. are at much higher pressures [4.1 to 8.3 MPa (600 to 1200 psia)] than the
FLECHT SEASE test facility was designed for. Therefore, lower-pressure effects of
the FLECHT SEASET tests must be considered as well as scaling effects of the test
apparatus.

The basic approach in scaling the FLECHT SEASET facility was to make it a scaled

simulation of a 4 x 4, 3425 MWt Westinghouse PWR to the fullest extent possible.
This Westinghouse plant has many characteristics which are similar to the other PWR

vendors' four-loop designs, s Jch as core, upper plenum, downcomer, ECC injection

location, and core power distribution. The other PWR designs ao have different loop
configurations and/or steam generator designs than the Westinghouse design. These

dif ferences in loop design are shown in figures 4-1 through 4-3. The Westinghouse
four-loop design (4 x 4) uses four hot legs, four steam generators, four reactor coolant

pumps, and four cold legs returning to the vessel. The Westinghouse design uses
U-tube steam generators. The Combustion Engineering (CE) and Babcock and Wilcox

(B&W) designs use two hot legs feeding two steam generators with four reactor
coolant pumps and four cold legs returning to the vessel (2 x 4 configuration). The CE

design uses U-tube steam generators; B&W uses once-through steam generators. The

following paragraphs discuss the dif ferences between the Westinghouse 3425 MWL

PWR and the Combustion Engineering 3817 MWt and Babcock and Wilcox 3820 MWL
designs.
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The cold leg pipe sizes of the CE and B&W designs are close to those of a
Westinghouse PWR. Diameters and flow areas are given in table 4-1. The area
scaling differences for a CE and B&W design are 19 and 4 percent, respectively. 1

The differences in the loop seal length between the Westinghouse, CE, and B&W

designs would affect the flow resistance when the loop seal is empty. This change in
flow resistance can be accounted for by analytical techniques. The scaled flow area
differences are 6.7 percent less flow area for the CE design and 6.5 percent more for
the B&W design (table 4-1).

The scaling requirements to preserve flow regimes, physical parameters, and physical

phenomena are not necessarily compatible. Therefore, it is necess'ary to make
compromises to best meet the objectives of the program. Since these tests are not a

demonstration, they need not include all details of a prototypical PWR response to a
hypothetical accident so long as the results are representative of the basic
phencmena which could occur.

4-2. DIFFERENT SCALING APPROACHES

Most of the FLECHT SEASET reflood systems effects test facility had been designed

and some of it had been constructed before the decision was made to investigate
small-break, loss-of-coolant, and natural circulation cooling modes. Therefore, the
original facility scaling logic for reflood tests had to be examined to see if it was still
valid for small-break accident simulation.

Originally, in the FLECHT Systems Effects Tests Programs,(I) diff erent scaling
rationales were examined to determine the appropriate basis for the reflood systems

effects tests. Linear scaling and volume scaling were examined. Using linear scaling,

a model of the prototype would have the thermal hydraulic pressures occurring on a
reduced time scale relative to the prototype. Linear scaling was investigateo for the

1. Cadek, F. F., et al., "PWR FLECHT Systems Ef fects Tetts Program Pl an,"
WCAP-7906, April 1972.

|

|
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TABLE 4-1

COMPARISON OF VENDOR DESIGNS

Combustion
fI Ih)Westinghouse Engineering Babcock & Wilcox(c)

: Cold leg piping
4

Diameter [m (in.)] 0.698 (27.5) 0.76 (30) 0.71 (28),

Area [m2 (ft )] 0.3832 (4.125) 0.46 (4.9) 0.397 (4.27)
24

2 2
Scaled flow area [g)(ft )] 0.00124 (0.0134) 0.00148 (0.0159) 0.00129 (0.0139)
Percent difference - (18.7) 3.7,

.

Loop seal piping

[ Diameteg([ft )]m (in.)] 0.79 (31) 0.76 (30) 0.81 (32)
Area &n 0.487 (5.24) 0.456 (4.91) 0.518 (5.58).

| - Height [m (ft)] 2.7 (9.0) 1.8 (6.0) 3.26 (10.7).
Scaled flow area [ 2 (ft )] 0.00158 (0.0170) 0.00148 (0.0159) 0.00168 (0.0181)

2i

Percent difference -6.5 6.5 |
--

Hot leg piping
i

Diameter [m (in.)] 0.74 (29) 1.07 (42) 0.97 (38)-
Area [m2 (ft )] 0.426 (4.59) 0.894 (9.62) 0.331 (7.87)

2

2 2
Scaled flow area [g)(ft )] 0.00138 (0.0149) 0.00291 (0.0313) 0.00238 (0.0256);

Percent difference - 110.1' 71.8;

a. 4 x 4 3425 MWt PWR
b. 2 x 4 3817 MWt System 80 design
c. 2 x 4 3820 MWt 205 design

i d. Based on scaling ratio of 307:1
e. Percent change from Westinahouse scaled area

!

,
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Semiscale f acility.II} lt was decided that this would distort the geometry of the test

f acility since the lengths, areas, and volumes would scale as SF, (SF)2, and (SF)3

where SF is the scale f actor. In the Semiscale core, the loop would have been so small

that it would have been difficult (if not impossible) to build and instrument, and
several scaling violations would have existed out of design necessity. A similar
conclusion was also reached in the LOFT scaling stuay.(2)

The results of the Semiscale study, the original FLECHT SEASET program plan, and
the LOFT scaling study all confirmed that the most prototypical system response
would be obtained with a volume-scaled test facility in which the lengths of the piping

and loop were the same as those of the prototype. Following the Semiscale approach,

volume scaling results in

L
= L* = 1 = length scale factor (4-1)L

P

,

! q.o
*

= q* = 1 = volumetric heat generation scale factor (4-2): ,

| P
1

where

L = m del lengthm
L = prototype lengthp,

q'" = model volumetric heat generation rate

q'P = prototype volumetric heat generation rate
"

,

Ectting L* equal to 1 means that lengths, velocities, and accelerations should be the

same in the model and prototype (assuming the same fluid physical properties). Since

,

' l. Larsen, T. K., et al., " Scaling Criteria and an Assessment of Semiscale Mod-3
Scaling for Small-Break Loss-of-Coolant Transients," EGG-SEMI-5121, March 1980.

2. Ybarrondo, L. J., et al., " Examination of LOFT Scaling," ASME Winter Meeting, |
'

New York, NY,1974.

!
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the pressure and temperature range of the FLECHT SEASET-tests is different from the

prototype small-break conditions, the velocities and accelerations will not be precisely

preserved for all phases of natural circulation cooling. This aspect is carefully

described in paragraph 6-3.s

Using equation (4-1) for the volume ratio of the system, then

V A( A

[=[ =[=A* (4-3)
p p p p

which is the area ratio. Thus, when the flow path lengths in the model are kept the.

same as those of the prototype to preserve the real-time aspect of the experiment, the

flow areas are reduced by the scale factor. Therefore, the pressure drop per unit length

will be higher in the model compared to the prototype, and the pressure drop distribu-
tion around the simulated reactor coolant loop will be different in the model compared

to a PWR reactor coolant system. In the FLECHT SEASET scaled model, the pressure
'

drop distribution could not be preserved; however, the overall loop pressure drop and

the pressure drop between major components was preserved using removable orifice

plates. The cause of the largest pressure drop in the reactor loop is the pump; in the
test, the cause of the largest pressure drop was the wall friction. Table 4-2 compares

the PWR and FLECHT SEASET flow areas, and table 4-3 compares the relative resis-

tances f or the simulated reactor coolant loop in the FLECHT SEASET f acility and in

the PWR if volume scaling is used.

Equation (4-2) indicates that the volumetric heat generation rate would be the same in

the model as in the prototype. Again following the Semiscale approach,

* ** = A* (4-4)
4 q '" V = 4L =A=

p p p g

m 'p = 1, wher. A* is the scale factor for the flow area and it is equal to theIsince L

power ratio.

4-8
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! TAF3LE 4-2

4

COMPARISON OF PWR SCALED FLOW AREAS AND SYSTEMS EFFECTS TEST FLOW AREAS (a)

Flow Area (m2 (f t )]2

FLECHT SEASET Pipe ID Flow Area RatioCrrnponent PWR PWR Scalevi FLECHT SEASET Pipe Site [em (in.)) (FS/PY.'R Scalerf)

| Cora 4.76 (51.2) 0.01548 (0.1665) 0.01548 (0.1665) 0.0500 cm (0.0200 in.) wn!! 19.% 0 A25) 1,0

Lower pierum 11.090 (119,46) 0.0361 (0.3891)

Umer plenum 11.098 (119.46) 0.0361 (0.3891) 0.3880 (0.4176/hI 25 cm (10 in.) 22.22 (8.7501 1.07
0.32 58 f 0.3485)fCI sch 140 0.90

Dawncomer 4.84 (52.1) 0.01577 (0.1697) 0.01603 (0.1726) 15 cm (6 in.) 14.29 (5A25) 1.02
1.3 cm (5 in.) wall j

Hot leg
; o Oroken 0.426 (4.59) 0.00139 (0.0149) 0.00145 (0.0155) 5 cm (2 in.) sch 160 4.290 (1 A89) 1.04

[74 em (29 in.) D]
o Urbroken 1.279 (13.77) 0.00416 (0.0448) 0.00426 (0.0458) 7.6 cm (3 in.) sen 80 7. % 6 (2.900) 1.02

& Pump suction
5 o Broken p.487 (5.24) 0.00159 (0.01706) 0.00159 (0.0170) 6.3 cm (2.5 in.) 4.498 (1.771) 1.00[ 78 cm (31 in.) IDj sch XXSTG'

o Unbmken 1.460 (15.72) 0.00476 (0.0512) 0.00477 (0.0513) 7.6 cm (3 in.) sch 40 7.793 (3.068) 1.003

Cold leg
o Broken 0.383 (4.12) 0.00125 (0.0134) 0.00131 (0.0140) 3.8 cm (1.5 in.) sch 40 4.090 (1.610) 1.05

[70 cm (27.5 in.) 1D]
o Urbroken 1.148 (12.%) 0.00374 (0.0402) 0.004?6 (0.0458) 7.6 cm (3 in.) sch 80 7.366 (2.900) 1.14

1 Steam generator
o Unbroken ttbes 3.1674 (34.095) 0.01031 (0.1110) 0.01003 (0.1079)Id) 2.2 cm (0.875 in.) 1.968 (0.775) 0.97

j o Inlet / outlet plenums !!.990 (129.06) 0.03906 (0.4204) 0.02162 (0.2327) "I 0.127 cm (0.05 in.) well 24.29 (9.564) 0.55
1

25 cm (10 in.) sch 80

i o Oroken tthes 1.0558 (11.365) 0.00344 (0.0370) 0.00335 (0.0 %0)f f) 2.2 cm (0.875 in.) 1.968 (0.775) 0.97
o Inlet / outlet plenums 3.997 (43.02) 0.01301 (0.1401) 0.007411(0.0004f" 0.127 cm (0.05 in.) wn!! 14.63(5.761) 0.57

15 cm (6 in.) seh XSTG

a. Onsed on PWR core finw area to FLECHT SEASET bundle flow area ratio: 51.2/0.1665 = 307: PWR is a 412 - SNtPPS.
b. E: apty

i c. With 10 2.858 cm (1.125 I Y) columns [64.1 cm2 (9.94 in.2)}
cf. All 33 ttbes topluqued
e. Volume was ser. led.
f. All 11 ttbes unplugged

;

4

1
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TABLE 4-3

COMPARISON OF PWR AND SYSTEMS EFFECTS TEST LENGTHS AND FLOW RESISTANCES (a)

Length [m (ft)) Length Resistance Coe fficient, K(b,e) ElevatimId[m (ft))
Ratio

Component PWR FLECHT SEASET (FS/PWR) PWR FLECHT TASET PWR FLECHT SEASET

Core 3.66 (12.0) 3.66 (12.0) 1.0 3.66 (12.0) 3.66 (12.0)

Lower plenum

Upper pimum 2.13 (6.975) 1.33 (4.375) 0.63 4.029 (13.22) 4.029 (13.22)
)

4.874 (15.99 (*II4.877 (16. 'IDowncomer 1.0 4.874 (15.99/'I 4.877 (16.0/'I7.026 (23.05 5.94 (19.5) f 0.85

Hot leg
o Broken 6.86 (22.5) 6.25 (20.5) 0.91 0.308 3.81 4.855 (15.93)I'I 4.877 (16.0)I'Io Unbroken 6.86 (22.5) 6.95 (22.8) 1.01 0.308 2.48 4.855 (15.93)I'I 4.877 (16.0/'I

Pump suction
C' o Broken 11.3 (37.0) 11.66 (38.25) 1.03 21.68 11.89 2.024 (6.64/93 2.033 (6.67/9IO o LM roken 11.3 (37.0) 11.66 (38.25) 1.03 21.68 13.00 2.024 (6.64/9Io 2.033 (6.67/9)

Cold leg
o Broken 7.47 (24.5) 4.67 (15.3) 0.62 0.220 6.02 5.224 (17.14fh) 5.233 (17.17)(h)o Unbroken 8.69 (28.5) 8.61 (28.25) 0.99 1.18 7.17 5.224 (17.14)fhI 5.233 (17.17)(h)

,

Steam generator I

o Unbroken ttees 20.2 (66.2) max ~21.3 (70.0) 1.2 7.291 (23.92)I3I 7.291 (23.92)III17.6 (57.7) avg 7.88 8.39
o Inlet / outlet plenurre 1.60 (5.25) max 1.14 (3.75) 0.71 5.694 (18.68)UI 6.10 (20.0)UI

o Brokm ttbes 20.2 (66.2) mar ~21.3 (70.0) 1.2 7.291 (23.92)(II 7.291 (23.92/II17.6 (57.7) avg 7.88 8.36
o Inlet / outlet plenums 1.60 (5.25) max 1.14 (3.75) 0.71 5.694 (IB.68/II 6.10 (20.0)OI

_,

s. Based on PWR core flow area to FLECHT SEASET bundle flow area ratio: 51.2/0.1665 = 307; PWR is a 412 - SNUPPS.
b. Full-length scaling
e. Based on hot leg area and hot leg density (hot leg dynamic head)
d. Based on bottom of heated length
e. Bottom of cold leg / hot leg pipe ID; overflow height
f. Maximum heigh j

g. '.3-bend centerline j
jh. Centerline of cold leg pipe

1. Bottom of tubesheet
J. Bottom of inlet plerum

- - - n
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If one examines the heat flux ratio, where A,is the heat transfer surface area,

|

b .
" As

m A* (4-5) |
i

4 4p

if the heat flux scaling is to be maintained as unity (q" /g = 1). Then, from equations
(4-4) and (4-5),

i

[" Asg *
i -= = A* (4-6)' q As'

P P P

i
* or

As NwDL
* * - **

As =NWDL (4-7)
P P PP-

for either the core or the steam generator. Again from equation (4-1), L Im 'p * '* * I I
thus

i

i ND
= A*ND (4-8)

PP

;

The designer is faced with a choice of having a scaled number of heat transfer surfaces

(Nm) and preserving the characteristic dimension of the surf ace (D ), or increasing thep
number of surfaces and reducing the characteristic dimension of the surface. From a

; scaled experiment point of view, the proper choice is to preserve the characteristic

dimension of the heat transfer surface such that Dm/D = 1 andp

y N
* ^ * (4-9)N

P

i

s

|
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Then the heater rods or steam generator tubes are prototypical, but there are fewer of

them in the model.

By pmserving the diameter, lengths, velocities, and accelerations, several single-phase

dimensionless numbers are preserved between the prototype and the model,if the fluid

conditions are the same. In the bundle and steam generator, since Dm/D = 1, then forp

the same fluid conditions the Reynolds numbers of the model and prototype are the
,

same, as are the Euler numbers and Prandtl numbers, where the Euler number repre-
i

sents the loop pressure drop or the pressure drop of a major comparent such as the
bundle, steam generator, or downcomer. As mentioned earlier, the Euler number for

the interconnecting piping would not be preserved, since the volume scaling results in !

an increased pressure drop per foot for the model. Also, the pumo resistance and Euler

number are not preserved between the model and prototype because in the model, the

pump resistance simulator is decreased to compensate for the increased piping resis-

tance such that the overall resistance stays the same. Thus, only the overallloop Euler

number, and the steam generator and bundle Euler numbers are pmserved.

Considering single-phase heat transfer in the heat bundle (core) or steam generator,

gh AT
Tr = [ AT (4-10)q
p p P

'

Since by equation (4-5), Q/g = 1, the heat transfer in the prototype is related to the
model heat transfer as

(T -T)
f

h =h (4-II)(T - T )pw f

| Therefore, for the heat transfer coefficient to be the same between the model and the

prototype, the physical properties of the coolant in each case should be the same as I

well, as the temperature difference between the heat transfer surface and coolant. It

should be noted that, if the physical properties are weakly dependent on the absolute "

!

4-12
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vclue of the temperature, then the test results can be applied to other temperature or |

pressure levels with little error. Therefore, for the same physical properties, with vol-

ume scaling, the Nusselt numbers remain the same. The Grashof number also remains

the same between the prototype and model for volume scaling, since the lengths are

preserved as well as the characteristic length (Dm/D ).p

In summary, a volume scaling approach was used for the FLECHT SEASET systems

effects facility for both reflood and natural circalation tests. The scaling logic is more
precise for reflood conditions since the physical properties of the coolant in the model

and prototype are identical. Scaling compromises will occur in the attempt to simulate
the higher pressures for small break situations. This distortion is discussed in detail in

paragraph 4-3.

Therefore, the scaling logic in the FLECHT SEASET facility employs the following
criteria:

-- The power input per fluid volume in the test bundle compared to that of an average
power fuel assembly in a PWR is preserved so that the steam generation rates will

be about the same.

The steam generator is sized to preserve the same power (or heat source) per tube--

1

bundle flow area as that of a normal Westinghouse four-loop steam generator.

-- This preserves the cooling capacity of the generator and the cooling / length such
that the proper elevation heads are available for natural circulation.

The elevations are maintained at full height and the system components are at the--

same relative elevations as in a four-loop Westinghouse PWR. Since reflooding and

natural circulation are gravity-driven processes, all elevations are maintained at
full height so that important driving forces in the system will be simulated rnd the

I

dominant term in the momentum equation for each component will be prestrved.

4-13



The real-time nature of the process was preserved so that thermal-hydraulic events--

would occur on a real-time scale basis. This requires that the piping and flow paths

between components be full length so that the transport times between components

are preserved.

The basic scaling factor for the test is 1:307. This ratio stems from the selection of the
161-heater rod bundle array to simulate the PWR core, with the result that the test

bundle flow area and volume are 1/307 of the flow area and volume of the standard
Westinghouse four-loop,3425 MWt PWR core. The sizing of the other system volumes

has also been made on a 1/307 scale where possible. The energy release capability of
the FLECHT-SET heater rod bundle has also been maintained compared to an ave age

assemb!y of PWR fuel rods during the reflood and small-break phases of a LOCA tran-
sient. This is accomplished by providing identical heated lengths, heater rod diameters,

and kw/ft ratings (for reflood power levels) and comparable peaking factorc of each rod
compared to PWR fuel rods. The material properties of the FLECHT SEASET heater

rod are sufficient to repeatedly attain the temperature and power levels required for
heat release during the simulated transients. By fixing the component length and pre-

serving the power-to-flow area ratio, the steam velocities at different locations in the
system were preserved. Preservation of the steam velocities helped to prprve the
real-time aspect of the experiment and also helped to preserve the entrainment and
liquid f allback potential in different system components, such as the bundle, upper

plenum, steam generator plena, and the hot legs. Some compromise in local resistances
have been made; however, the total resistance is adjusted by suitable orificing so that

the total loop resistance is the same as that of a PWR.

4-3. PRESSURE EFFECTS AND SCALING FOR FLECHT SEASET TESTS

For a small-break LOCA the pressure range of interest is 4.1 to 8.3 MPa (600 to
i 1200 psia), which is significantly greater than the pressure capability of the FLECHT

SEASET systems effects loop. In the natural circulation test plan, three types of tests
are planned:

i Liquid-solid natural circulation with liquid-solid steam generator secondary side 1--
;
,

!

!

1

4-14
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Two-phase primary side natural circulstion with boiling secondary steam generator--

ide

Reflux condensation primary side with boiling secondary side steam cenerators--

For the sinale-phase tests, it is expected that the effect of pressure on the Nusselt
number would be small, such that the resulting temperature rises for the model and pro-

totype would be similar. It should be noted that for the volume scaling, Dm/Dp = 1,
Vm/Vp = 1, and it was assumed that for the Grashof number (Tw - T )m/(Tw - T )p = 1.f f

The resulting impact of the property differences on the expected temperature rises in
the model and prototype can be estimated as

g hgT MJ k D AT
q7r = h AT " D Nu k AT~ * -

p p p m p p p

where Nu could be forced turbulent convection or natural convection. Noting that
Q/$' = 1, and assumina a Dittus-Boelterfl) expression for turbulent forced convection,
the temperature rise ratio for the model and prototype becomes

AT [Reh0.8[Pr}0.4 9* =1 P
i ! P E1

k (4 13)AT fin) hm/p m

Similarly, for natural circulation where

Ni = 0.17 (Gr . Pr)l/4 (2)

1. Dittus, F. W., and Boelter, L. M. K., " Heat Transf er in Automobile Radiators of the
Tubular Type," Univ. Calif., Berkeley Publ. Ena. .2_, 13, 443-462 (1930).

2. Eckert, E. R. G., and Drake, R. M., Analysis of Heat and Mass Transfer, McGraw-
Hill, Now Ycrk,1472.
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and noting that Gr has a AT dependence, a similar expression for the heat flux ratio can

be derived to give

(Gr' * Pr)1/4 k ( AT )5/4Dm m m P-1 (4-14)

% D (Gr' * Pr)p!I #
k ( AT )m p p

where

G4 = Grm/ATm

The temperature ratio then becomes

AT Gr' Pr Yk
m_ 1 p p

i _a (4-15)
AT - (Gr' + Pr / hmm

_

Comparisons of the Nusselt number ratios and the resulting temperatere ratio between
the model and prototype for both forced convection and natural convection are shown in

table 4-4. There is a maximum of 25 percent variation between the expected model

temperature rise and the prototype temperature rise at a scaling pressure of 8.3 MPa;

(1200 psia). For forced convection, the model temperature rise will be smaller than the
prototype temperature rise, primarily due to the Prandtl number ratio. In natural cir-

culation, the model temperature rise will be larger. In either case the difference in the
model and prototype temperature is approximately 20 percent; this is acceptable for

the FLECHT SEASET tests.

For two-phase natural circulation and reflux condensation, the heat transfer mode of
interest is condensation in the steam generator tubes. Assuming laminar film condensa-

tion on the vertical surfaces, the N -lysis (I) gives-

|
|

~

.

9( of A )Pr f hk-

q -- - fG (4-16) ;___ = 0.943h pf (T -T)Le
sat

1. Eckert, E. R. G., and Drake, R. M., Analysis of Heat and Mass Transfer, McGraw- ,

Hill, New York,1972.
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TABLE 4-4

INFLUENCE OF PRESSURE ON SINGLE-PHASE HEAT TRANSFER

AND TENFERATURE RISE

Value at Indicated Pressure

Mode Parameter 4.1 MPa (600 psia) 8.3 MPa (1200 psia)

Forced W
mconvection 1.12 1.062g
P

ATm
0.796 0.747AT

P

Natural Nu
*convection 0.747 0.679g
P

AT
1.15 1.19T

P

<

Therefore, the wall heat flux becomes

q" = { (T - T ,) Msat

Applying the scaling criteria where the heat flux ratio is unity gives

'

1/4
gp (p - p )k hf g a g fa

0.943 (T - T ,)m
_bn .9 (T - T ') satL

sat w _ m
q,.

y _
- 1/4 (4-18)

__
-

P gp (o - p )k, hf0.943 (T - T ,)pY (T -T) satL
sat w

p .
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Simplifying the expression in egaation (4-18) gives

- - 1/43/
)bf!4 Pf 1 0f ~P h p(T - T )m gh gh3sat w mi m pin

3 (4_y9)
(T - T )p, 3'kjg h. sat fg pfpf f -pw

g/ P p m,. P P P

Assuming that the prototype is at 4.1 MPs (600 psia), the condensation wall tempera-

ture ratio [first bracketed term in equation (4-19)] is 1.09, and at 8.3 (1200 psia) the
ratio becomes 1.25. This indicates that the condensation effects for the prototype and

model are similar and that the model will yield prototypical condensation heat transfer

data.

There is a serious discrepancy between the density of the vapor at the model conditions

and the corresponding vapor density at reactor conditions which can affect the two-

phase flow behavior of the system. Assuming that the FLECHT SEASET test facility
will simulate two-phase natural circulation and reflux condensation at a system pres-

sure of 0.34 MPa (50 psia), the ratio of the steam densities p ! p ecomes 0.092 atPm
4.1 MPa (600 psia) and 0.04246 at 8.3 MPa (1200 psia). Therefore, for the scaled steam

mass flow in the simulated hot leg, the resulting vapor velocity will be significantly
higher in the FLECHT SEASET model compared to the prototype.

The concem is that larger steam velocities in the hot legs due to the lower system pres-
sure for the FLECHT SEASET model could yield nonprototypical flow conditions or

transitions compared to the reactor for two-phase natural circulation and reflux con-
densation cooling modes. These concerns are particularly important if a transient test

is being conducted with a break simulation such that the system inventory is continu-
ously decreasing. The scaled test could continue to promote two-phase natural circula-

tion because of the higher steam velocity, whemas the PWR could be in a reflux con-

densation mode.
,

?

i
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A similar concern exists in the steam generator inlet plenum at the tubesheet. The

higher-than-scaled hot leg steam velocity could lead to a different flooding characteris-

tic for the model steam generator tubesheet compared to the PWR. Both the hot leg
two-phase flow regime transitions and flooding behavior of the steam oenerator tuSe-
sheet are investigated next.

4

Examining the steam flow in the FLECHT SEASET hot legs,

4m q$A l* mmM (4-20)= =
s h hm yg fq

f

where no inlet subcooling was used, and all the power generation was assumed to oener-
ate vapor.

Also in the hot leg,

t'1, =D A v (4-21)m m m

where the superscript HL denotes hot leg and A HL and V HL are the hot leg flow aream m
and velocity.

Thus, solving equations (4-20) and (4-21) for the hot leg steam velocity in the model
yields

Ft. YbV = (4-22)* h p A
fg m m

In the prototype, a similar reintionship can be developed:

i
R = q "' A LP PPV (4-23)P h PAR'

f9 PPp

'
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f

Taking the ratio yields

m
,

fg,A
| (4-24),

R ~ (A j(hgQppj(q"j(png jV p p
p

Using earlier identities,

- 1

e*P
- -

q ,. .
P

A
m 1 1

A - scale factor 307
p

A
D = scale f actor = 307
m

T hus,

h bh (4-25)* D
=

V (hg gj

This ratio becomes 8.78 at 4.1 MPa (600 psia) for the prototype and 15.59 at 8.3 MPa

(1200 psia) for the prototype, assuming a 0.34 MPs (50 psla) pressure for the model.

To preserve the steam velocity in the hot leg, only two parameters can be changed, the
volumetric heat generation rate (test power), and the hot leg flow area (Am ), since

the facility scale f actor and pressure were already fixed.

;

a

!

4-20
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The power generation in the experiment would have to be reduced by a factor of 8 to 15

below the scaled value to preserve the steam velocity in the hot leg. This would mean

conducting tests at 0.2 percent of simulated reactor power rather than the p.'eferred
2 percent of simulated reactor power. The lower test power would yield lower temper-

sture rises, which would be difficult to measure. Also, unless the steam generator sec-
ondary side flow was correspondingly reduced by the same factor, the primary side heat

would all be removed at the immediate entrance of the steam generator. The measure-

ment and control problems with such a low-power test made decreasing the test power

en undesirable choice. Therefore, it was decided to enlarge the hot legs as much as
possible consistent with the test vessel upper plenum and the existing steam generator

plena. The hot leg inside diameters were increased from 42.9 to 7(,2 mm (1.689 to
3.00 in.) for the broken loop and 73.6 to 152 mm (2.9 to 6 in.) for the unbroken loop sim-

ulation. Usng these diameters to recalculate the hot leg area relative to the PWR flow

creas, equation (4-25) can be recalculated for the steam flow in the hot leg for the
model compared to the prototype. Therefore,

H_ h

I9 On 18.36 1m
_

0
(4-26)H. ~ h 0.2454 307g g

resulting in a steam velocity ratio of 2.14 at 4.1 MPa (600 psia) and 3.798 at 8.3 MPa
: (1200 psia). Therefore, when the hot leg diameter is increased, the steam velocity in
.

the FLECHT SEASET hot legs is closer to the proper scaled value. However, the test
steam velocity is still higher than the proper scaled value.

1

.

i The flow regime transition which is of interest in the hot leg is the intermittent slug-
plug to stratified flow regime. It is expected that co-current slug and plug flow would

exist in the hot leg during two-phase natural circulation. However, as mass is drained

from the system and reflux condensation occurs, eventually the hot leg will become

stratified with liquid flowing back to thu core at the same time that steam is flowing in
the opposite direction toward the steam generators.

4-21
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The higher hot leg velocity in the FLECHT SEASET test facility relative to a PWR
could prolonq the intermittent slug-plug regime while the PWR hot leg would be in a )
stable stratified flow regime. Therefore, to investigate the possible hot leg flow
regime effects and flow regime transitions, the work on horizontal flow regime transi-
tion by Taitel and Dukler (I) was investigated.

Taitel and Dukler give a criterion for the transition between the intermittent (plug and
sluq) flow regime and the stratified flow regime in terms of the superficial vapor veloc-

ity in the hot leg. The expression for the critical velocity for the transition vaoor
velocity U isg

2' 1/2-

~

(o - p ) D . g . (1 - h ) . Aqf 4 g
U = - - (4-271- 1/29 fy"

- 1)2
~

p %I 1 - (2 h
q

_

where

1/2'I -1 (2hg - 1) - (2hL - 1) 1 - (2hL - I}2 [
~ ~ ~

A = 0.25 ces

and 'h is h/D where h is the liquid helabt in the pipe of diameter D. Equation (4-27)g
was programmed and solved for the PWR dimensions and pressures of 4.1 and 8.3 MPa

~

(600 and 1200 psia) for a range of ht values as well as for the FLECHT SEASET facility
at 0.34 MPa (SG psia) with the larger pipe diameter.

Equation (4-27) will gim the superficial vapor velocity at the transition between the
intermittent and stratified flow regimes for a given water height in the hot leg.

Values for U were obtained for different water heights in the hot leg for both the PWRq

case and FLECHT SEASET. The hot leg superficial velocity, which is eoual to 2 percent
~

! of core decay heat boiloff, was also calculated for the PWR and FLECHT SEASET. The

1. Taitel, Y., and Dukler, A. E., "A Model for Predictina Flow Regime Transitions in ;

Horizontal and Near-Horizontal Gas-Liquid Flow," J. Amer. Inst. Ch. Eng. 22,1,
47-55 (1976 f.
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intersections of these two curves, for the PWR and for FLECHT SEASET, indicate the

maximum value of h or liquid level in the pipe allowed at the transition point. As dis- I

cussed above, the liquid level will be lower in the FLECHT SEASET tests compared to

the PWR because of the lower pressure (and corresponding higher hot leg steam
velocity).

As .. gure 4-4 indicates, the hot leg would have to be drained to 58 percent of its height
before the flow regime in the hot leg would be stable stratified flow. The corre-
sponding liquid levels in the hot leg for the PWR are 73 percent at 4.1 MPa (600 psia)
cnd 75 percent at 8.3 MPa (1200 psia).

This means that the FLECHT SEASET test f acility will mmain in two-phase natural cir-

culation with lower mass inventories as compared to the higher-pressure PWR. This

difference in transition between one flow regime and another is a result of the pressure

scaling ef feet and has nothing to do with the volume scaling.

ZuberII) performed a similar analysis for the Semiscale small-break tests and also

showed that even for the same pressure (and therefore coolant physical properties), the

transition between intermittent and stratified flow does not scale with volume. This
means that no sealed facility will exactly model the flow regime transition in v.m PWR.

Thc other area of concem is the possible flooding effects at the steam generator tube-

sheet during the reflux condensation simulations in the FLECHT SEASET f acility. The

higher vapor velocity in the het legs and steam generator tubes could restrict the return

of the condensate to the hot leg such that a pulsing flow similar to that observed by
Banerjee(2) would exist in the FLECHT SEASET tests; pure reflux condensation would

occur in the PWR. Since the flow area in the steam generator tubes was not increased,

as was done with the hot legs, the steam velocity at the tubesheet is greater than the
scaled value by a f actor of 8 to 15.

1. Zuber, N., " Scaling of Two-Phase Flow Transition in Horizontal Pipes of Semiscale,"
NRC Memorandum, September 1979.

2. Banerjee, S., et al., " Reflux Condensation and Transition to Natural Circulation in a
Vertical Tube," presented at 1981 Winter ASME meeting, Heat Transfer Aspects of
Reactor Safety.
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Figure 4-4. Calculation of Flow Regime Transition Points for PWR and FLECHT SEASET Facility
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The flooding characteriatics of the steam generator tubesheet are assumed to obey the
Wallis flooding correlation (I) given by

+m =C (4-28)

where

* 9
(4-29)J i=

9 /gD(pf p fg

and

* f
J (4-30)=

. @(pf og)
i

,

|

with values of m = 1.0 and C = 0.725 for sharp-edged tubes. For no liquid downflow, |

Jf = 0 and

! Jg crit = C (4-31)

Therefore,

,

C [@(pf p [j
9 (4-32)J =

9 erit

,.

1. Wallis, G. B., One-Dimensional Two-Phase Flow, McGraw-Hill New York,1969.
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The value of D is the inside diameter of the steam generator tube. The critical flooding

velocity for the FLECHT SEASET test and the PWR are shown in figure 4-5, along with j

the superficial steam velocity calculated for a given steam generator tube for different I

decay powers in the core. As the figure indicates, at decay powers above 3 percent, the

FLECHT SEASET test facility could flood at the steam generator tubesheet.

At these higher decay powers, it !s speculated that the FLECHT SEASET test facility

would not operate in a stable reflux mode. It is believed that some of the steam gener-

ator tubes of the facility would oscillate between a refluxing mode, in which the con-

densate accumulated in the steam generator tubes, and a two-phase natural circulation,
in which the accumulated condensate would be pushed over the U-bend into the steam

generator outlet plenum in much the same manner as in the single-tube experiments of
Banerjee. The PWR, on the other hand, is nowhere near the flooding limit even at

5 percent decay power. Since the operating power of the FLECHT SEASET experiments
was set at 2 percent of decay power, and in addition since not all of the decay power

.1 generate steam because some subcooling exists, it is felt that the refluxing capabil-

ity of the test facility will be nearly prototypical at low decay powers. Howeve r,

higher powers could cause oscillations in the steam generator tubes, as they wop!d flood
then drain back into the steam generator plenum.

4-4. SCALING CONCLUSIONS

The low-pressure facility has been examined for its applicability for simulating higher-
pressure small break natural circulation cooling modes. The lower pressure in the

FLECHT SEASET facility will require lower system mass inventory to attain the same
flow regimes in the hot leg compared to the PWR, even with the larger-than-scale hot

leg diameters. Also, the FLECHT SEASET steam generators will be closer to the flood-
ing limit than those of the PWR; this could produce a delay from two-phase natural cir-

culation to pure reflux condensation, or some of the tubes could be flooded while other
tubes are refluxing. This means that if a transient FLECHT SEASET test were con-

ducted with the scaled break flow of a PWR, the time periods between the different

cooling modes in the experiment would be longer than in a PWR, since more mass would

have to be depleted from FLECHT SEASET. Therefore, in spite of volume scaling, the

i
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SECTION 5

TEST PARAMETER RANGES AND REFERENCE CONDITIONS

Three types of tests were performed under various degrees of natural circulation: liquid
single-phase primary flow, two-phase primary flow, and reflux condensation in the

primary system. The liquid single-phase natural circulation tests were conducted at
different power levels to examine the resulting natural circulation flows, pressure drops,

end bundle temperature rises. Reference test conditions for these tests are shown in
table 5-1. Liquid single. phase natural circulation tests were also be conducted with a

superimposed cold leg injection transient to see how cold leg injection of colder water,
ralative to the primary system temperature, af fects tne natural convection loop flow. A

preset amount of cold water was injected into the cold leg when the test is at a stable,
frse convection mode. The resulting transient behavior of the system will be recorded.

A similar series of secondary side transients on induced primary system natural
circulation were examined by varying the secondary side flow by about 1 50 percent
af ter the system reaches a stable condition. The area of interest is the transient
response of the primary system as it readjusts to a new secondary side cooling flow.

The two-phaso natural circulation tests were generally conducted at lower powers, such

that the hot leg linear velocities are closer to those expected in a PWR at higher
pressures. The main parameters of interest for the two-phase tests are the secondary
side conditions, ef fect of cold leg injection, and the ef fect of inert noncondensible gases.

The secondary side conditions were varied for the two-phase tests in a fashion similar to

the primary side single-phase tests to investigate how the primary system responds to a
cooling transient induced by the steam generator secondary side. Similar tests were

performed with cold leg injection to see how the primary system responds when colderi

water is injected into the downcomer. The factor of interest is the induced primary
system transient that occurs when the natural convection flow stalls because of the
colder water. Since the f acility is pressure limited, the temperature difference and thus

the density dif ference will be much smaller than that expected in a PWR.

5-1
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-- TABLE 5-1

REFERENCE TEST CONDITIONS FOR NATURAL CIRCULATION

AND REFLUX CONDENSATIONTESTS

|

Parameter Initial Conditions i

System pressure 0.69 MPs (100 psia)

Bundle power (percent of full power) 0.2 - 0.6 - 1.0 - 2.0

Coolant AT subcooling at lower plenum 21 C (70 F)

Radial power distribution Uniform

Axial power shape Cosine
<

Steam generator secondary side Circulating

Pressure Ambient--

Fluid temperature Ambient--

Flow Reference (*--

a. Reference flow is that steam generator secondary side flow needed to obtain

steady-state natural circulation at reference conditions.

,
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The effect of noncondensible gases will also be examined by injecting thera into |

the primary system. The effect of these gases will be to reduce the steam
generator heat transfer such that the primary system will undergo a transient until'

o new equilibrium is reached.

The range of initial test conditions for all these tests are listed in table 5-2.

Correspondence regarding test parameter ranges is reproduced in appendix C.

,

a

5-3
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TABLE 5-2

RANGE OF INITIAL TEST CONDITIONS FOR FLECHT SEASET
NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS

Parameter Parameter Range

SINGLE PHASE NATURAL CIRCULATION TESTS

Bundle power 0.2% - 2.0% of PWR full
power (22.2 - 222.4 kw)

Radial power distribution Uniform
Coolant flow (predicted) 0.79 - 1.70 kg/sec

[1.75 - 3.75 lb/sec (13-30 gal / min)]

Coolant AT subcooling 780C - 170C (1400F - 30 F)
Cold leg injection coolant AT
subcooling 780C - 00C (1400F - 00F)
Steam generator secondary side:

--Cooling water inlet temperature Ambient
--Pressure Atmospheric - 0.69 MPa (100 psia)
--Finw 0.5 reference - 1.5 reference (s)

Noncondensible gas:

--Injection rate Low - high
--Temperature Ambient
--Pressure System pressure

TWO-PHASE NATURAL CIRCULATION AND REFLUX CONDENSATION TESTS

Bundle power 0.2 % - 2.0 % of PWR full
Power (22.2 - 222.4 kw)

Radial power distribution Uniform
Coolant aT subcooling 00C - 170C (00F - 30T)
Cold leg injection coolant AT
subcooling 780C - 00C (1400F - 00F)
Steam generator secondary side

--Cooling water inlet temperature 6 C - Il0C (100F - 200F)
subcooled - ambient

0.5 reference - 1.5 reference (psia)
Atmospheric - 0.69 MPa (100--Pressure

a)--Flow

a. Reference flow is that steam generator secondary side flow needed to obtain4

steady-state natural circulation at reference conditions.

5-4
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SECTION 6

TEST FACILITY DESCRIPTION

6-1. FACILITY LAYOUT

The FLECHT facility in which the FLECHT-SET Phase B ) test series was conductedII

was used as the basic configuration for this task. However, the test facility was
modified in order to conduct natural circulation and reflux condensation tests, as shown

isometrically in figure 6-1 and in a layout form in figure 6-2. The main modifications
are as follows:

The broken cold leg is connected directly to the downcomer in order to provide a--

continuous flow path for natural circulation.

The hot leg loop piping has been increased in diameter to approach momentum flux--

scaling and countercurrent steam-water flows during reflux condensation.

The downcomer overflow tanks, which simulate a portion of a large break during--

LOCA, have been disconnected.

The water supply accumulator no. I will be used as a pressurizer to control system--

pressure and the primary side mass inventory.

A circulating cooling system has been added to the steam generators' secondary--

side, which during a small break acts as a heat sink rather than a heat source.

6-2. FACILITY COMPONENT DESCRIPTION

Paragraphs 6.3 through 6-16 describe facility components such as the test section, test

bundle, upper plenum, hot leg piping, steam generators and steam generator secondary

1. Cleary, W. F., et al., "FLECHT-SET Phase B System Design Description,"
WC AP-8410, October 1974.

6-1
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pt::num is capped with a bolted fitt herd from which instrumentction istds tre brought
out.

!

in the design of the FLECHT SEASEi upper plenum three phenomena were determined

to be important to preserve two-phasa flow behaviors

Steam velocities at the upper ccre plate and in the upper plenum--

Phase separation efficiency of the upper plenum internals--

Froth layer buildup and sweepout through the hot legs--

Velocities are maintained by preserving the upper core plate and upper plenum flow area

ratios. By preserving the steam velocities, the flooding phanomena in the upper plenum

and at the upper core plate should be preserved. Studies show that the flooding
phenomenon is independent of geometry if the equivalent diameter of the flow channel is

large enough. These studies are presented in appendix D. For the FLECHT SEASET
upper plenum, the minimum low-channel equivalent diameter was determined to be

19.05 mm (0.75 in.).

The phase separation efficiency of the upper plenum depends mainly on the size of the

internals, the gap between internals, and the number of rows of internals. The prototype

upper plenum internals are of basically two shapes: cylindrical (support columns) and
square (guide tubes). Based on studies done by Porteus (I) and at LASL(2) it was

determined that the internals of the FLECHT SEASET upper plenum could be
representev ay a cylindrical geometry only. These studies showed the entrainment

velocity curve for cylindrical and square internals to be nearly identical. Further
studies ( showed that the deentrainment characteristics of liquid on a rod were

1. Porteus, A., et al., " Pressurized Water Reactor Upper Head injection Air-Water
1/30-Scale Entrainment Studies," NRC-Ol93-4, September 1977.

2. Personal communication, N. Lee with W. Kirchner, March 19, 1981.

3. Dallman, V. C., et al., "Entrainment Phenomena From Droplet Cross Flow in
Vertical Rod Bundles," presented at Sixth Water Reactor Safety Research Meeting,
Gaithersburg, MD, November 1978.
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side cooling system, pump loop segl piping cred cold irg piping, downcomsr, pressurizer,

coolant injection system, and noncondensible gas injection and sampling system.

Table 6-1 lists all the test facility main components including lengths, flow areas, fluid

volume, and metal weight associated witla each component.

;

6-3. Test Section

The low mass housing together with the lower and upper plenums constitutes the test

section, as shown in figure 6-3. The low mass housing, shown in figure 6-4, is a

cylindrical vessel of 193.7 mm (7.625 in.) ID and 4.78 mm (0.188 in.) wall thickness
constructed of 304 stainless steel rated for 0.52 MPa (60 psig) at 816 C (1500 F). The

wall thickness, which is the minimum thickness allowed by Section 1 of the ASME Bciter

and Pmssure Vessel C' ode, was chosen so that the housing will absorb and hence release

a minimum amount of heat as compared with the rod bundle. The inside dia neter of the

housing was made as close to the rod bundle outer dimensions as possible, to minimize

excess flow area. The excess flow area is further minimized by solid triangular fillers,

as shov.a in figure 6-5.
1

This design is very similar to that M the unblocked housing, with the exception of
climination of the windows and the slight lengthening to accommodate the different
beater rod design. In addition, a complete set of " dummy" pressure taps was added 180

degrees from the 13 original taps to help relieve the unsymmetrical thermal stresses
introduced by having taps on only one side. There is also a tap near the 0 m (0 in.)
elevation to purge steam from the injection point in the downcomer and thus heat the
crossover leg and the lower plenum before initiation of flooding.

The lower plenum design is essentially the same as that used in previous FLECHT and

FLECHT-SET tests, as shown in figure 6-6.

6-4. Upper Plenum

The upper plenum is constructed of 254 mm (10 in.) sch 140 pipe (SA106 GRB) flanged on
both ends with 15 and 9 cm (6 and 3.5 in.) nozzles attached fcr hot leg connections. The

i

6-5
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I

FLECHT SEASET NATURAL CIRC
SYSTEMS EFFECTS TEST F/

Length / Height
Component [m (f t)]

TEST SECTION
l

| Heated length:
-- Housing (empty) 3.66 (12) O.
-- Heater rod bundle (s) 3.66 (12) O.
Heater rod extension and ground
terminals 0.204 (0.669) O.
Ground plate 0.032 (0.104) O.
Instrument ring 0.067 (0.221) O.
Upper core plate 0.076 (0.250) O.
Upper plenum
-- Vessel (empty) 1.334 (4.375) O.
-- With columns and guides 1.334 (4.375) O.
-- Column only (10) 1.318 (4.323) -,

Lower plenum

-- Vessel including (bundleextension below b) 0.629 (2.063) -

-- Heated length
-- Downcomer lower elbow (c) 0.892 (2.928) 0.1
-- Crossover leg including turbo-

probe spool, flexible spool,
and lower plenum nozzle 1.722 (5.651) 0.(

HOT LEGS

Unbroken loop 6.7184 (22.042) OJ
Uroken loop 5.9524 (19.529) 0.1

UNbRUKEN LOUP STEAM GENERATOR

inlet stue
-- Plenum 0.811I (2.661)(e) 0.1
-- Tubesheet 0.0954 (0.313) 0.1

-- Uphill side tutses 10.515 (34.497) 0,

a. Includes thimbles, steam probes, fillers and grids
b. A representative flow area cannot be defined. i

c. Incluoes pipe section below bottom of heated lenyon elevation and elbow I

d. L$ased on minimum flow area, including flow straightener
e. Active length
f. tviost representative
g. Active volume
h. Including dead volune metal weights

w-. ..

|
. . _ _ __ . . _ _ . - - ,-
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ABLE 6-1
JLATION AND REFLUX CONDEttSATION
LCILITY COMPONENT DIMENSIONS

Flow Area Fluid Volume Metal Mass
[m2(f t )] [m3 (ft )] [kg (Ib)]2 3

;)2945 (0.3170) 0.10777 (3.8053) 236.2 (520.8)
41570 (0.1690) 0.05745 (2.0286) 219.0 (482.9)

12740 (0.2950) 0.004010 (0.1416) 87.57 (193.1) '

)i149 (O.I 237) 0.000362 (0.0128) 9.02 (19.9)
:1445; (0.4793) 0.00269 (0.0950) 36.1 (79.5)
.)1446 (O.I557) 0.00110 (0.0389) 13.7 (30.3)

UB78 (0.4175) 0.051738 (1.8269) 257.7 (568.1)
.0243 (0.3491) 0.043106 (1.5221) 274.4 (605.1)

- - - 14.9 (32.9)

- 0.049217 (1.7379) 253.6 (559.1)

11642 (0.1767) 0.01459 (0.5152) 50.02 (110.3) |

10373 (0.0402)(d) 0.01653 (0.5837) 69.02 (152.2)

I1864 (0.2006) 0.I2521 (4.4216) 324.6 715.8
'0637 (0.0686) 0.037471 (1.3408) 134.6 296.8

12450 (0.2637)(f) 0.02627 (0.9276)(9) 123.2 (271.7)(h)
109736 (0.1048) 0.00929 (0.0328) 70.07 (154.5)
109736 (0.1048 0.10241 (3.6164) 236.7 (521.9)

6-7
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TABL'
FLECHT SEASET NATURAL CIRCU

SYSTEMS EFFECTS TEST FAC

Length / Height
Component [m (f t)]

UNBROKEN LOOP STEAN GENERATOR (cont)

Outlet side
-- Downhill side tubes 10.515 (34.497) 0.0L

(0.313)(e)
-- Tubesheet. 0.0954 0.0[

(3.750) 0.0-- Plenum 1.143
Secondary side including tie rods
and shell baf fie olates (6) 10.429 (34.217) 0.0:

BROKEN LOOP STEAM GENERATOR

Inlet side
-- Plenum 0.9260 (3.038)(e) 0.00

T ubesheet 0.0698 (0.229) 0.01
Uphill side tubes 10.533 (34.557) 0.00--

Outlet side
-- Downhill side tubes 10.533 (34.557) 0.0 -

(0.229)(e)
-- Tubesheet 0.0698 0.0

(3.750) 0.0(-- Plenum 1.143
Secondary side including tie 10.410 (34.154) 0.0j
rods and baf fle plates (6) - - 0.01

UNBROKEN LOOP PUMP LOOP SEAL

Downhill leg
-- Steam generator exit nozzle 0.286 (0.938) 0.01
-- Downhill pipe 3.4122 (11.195) 0.0(
Horizontal leg
-- Large pipe 1.737 (5.699) 0.01
-- Flowmeter spool 2.197 (7.208) 0.01
Uphill leg 3.1388 (10.298) 0.01

BROKEN LOOP PUMP LOOP SEAL

Downhill leg
-- Steam generator nozzle 0.273 (0.896) 0.5
-- Duwnhill pipe 3.4384 (11.281) 0.01

c. Includes pipe section below bottom of heated length elevation and elbow
e. Active length
f. Most representative
g. Active volume
h. Including dead volume metal weights
i. Includes baf fles, tie rods, shell, flanges, and end cap

*e=* %
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; 6-1 (cont)
' '

.ATION AND REFLUX CONDENSATION
ILITY COMPONENT DIMENSIONS

Flow ArGa Fluid Volume Metal Mass
[m?(fg2)] [m3 (f t )] [kg (ib)]3

19736 (0.1048) 0.0241 (3.6164) 236.7 (521.9)
0.000929 70.07 (154.5)

(0.1048)(c) (0.0328)(9)
9736

(0.2637) 0.02527 (0.8923) 112.5 (248.1)(h)450

328 (0.5735) 0.5728 (20.2250) 2165.5 (4775.1)(i)

:71 (0.0938)(f) 0.008963 (0.3165)(9) 52.33 (l I 5.4)(h)
334 (0.0360) 0.0023 (0.0082) 25.3 (55.8)
334 (0.0360) 0.035256 (1.2449) 81.49 (179.7)

334 (0.0360) 0.035256 (1.2449) 81.49 (179.7)

(55.8) (h)(0.0360)(f) (0.0082)(9)
0.00023 25.334

(107.6) (i)
(0.0938) 0.008722 (0.3080) 48.871

(1966.8)63 (0.2221) 0.2193 (7.7449) 891.94
1057 (0.0061) - - - -

i348 (0.0375) 0.000997 (0.0352) 10.7 (23.6)
77 (0.0513) 0.01628 (0.5747) 41.2 (90.8)

i 77 (0.0513) 0.008278 (0.2923) 34.1 (75.2) ,

I90 (0.0204) 0.004165 (0.1470) 25.5 (56.2) '

i 77 (0.0513) 0.01496 (0.5284) 54.46 (l20.1)

f

i

)i13 (0.0122) 0.000309 (0.0109) 3.5 (7.8)
I148 (0.0159) 0.005I (O.I793) 76.46 (l68.6)

i
i

5

i 6-9
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TAB
FLECHT SEASET NATURAL CIRC

SYSTEMS EFFECTS TEST F/

Length / Height
Component [m (f t)]

BROKEN LOOP PUMP LOOP SEAL (cont)

Horizontal leg
-- Large pipe 2.490 (8.169) O.

Flowmeter spool 1.422 (4.667) 0.--

Uphil! leg
-- Large pipe 2.762 (9.063) O.
-- Small pipe 0.3661 (1.201) O.

COLD LEG

Unbroken loop 8.3037 (27.243) O.
Broken loop 6.7525 (22.154) 0.1

DOWNCOMER

Downcomer extension [above
5.09 m (16.7 f L) elevation] 0.6224 (2.042) 0
Downcomer (from bottom
of heated length to 5.09 m
(16.7 f t) elevation] 5.0865 (16.688) 0

. --
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LE 6-1 (cont)
JLATION AND REFLUX CONDENSATION
CILITY COMPONENT DIMENSIONS

Flow Area Fluid Volume Metal Mass
[m2(f t )] [m3 (f t )] [kg (Ib)]2 3

D0158 (0.0170) 0.003956 .(0.1397) 63.44 (139.9)
D0068 (0.0073) 0.000968 (0.0342) 13.4 (29.6)

D0158 (0.0170) 0.004390 (0.1550) 71.74 (158.2)
DO13I (0.014I) 0.000479 (0.0169) 4.2 (9.3)

[0426 (0.0459) 0.035389 (1.2496) 167.6 (369.6)
D0131 (0.0141) 0.008935 (0.3155) 33.4 (73.6)

|
b1603 (0.1725) 0.01106 (0.3905) 87.07 (192.0)

$1603 (0.1725) 0.081380 (2.8736) 401.6 (885.6)

i

f

6-11
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re!Itivsly indep:ndent of rod dirmstrr where the di;m;t:r was greittr thrn 50.8 mm
(0.78 in.)

The phase separation efficiency of the plenum internals could be calculated by applying
Gardner's formula. Applied to the design of the FLECHT SEASET upper plenum, this

correlation showed that four rows of internals resulted in a separation efficiency of
timost 100 percent. Thus the separation efficiency of the prototype internal is matched
by the FLL.CHT SEASET upper plenum internals.

The design of FLECHT SEASET upper plenum is shown in figure 6-7. The height of the
upper plenum is less than that of the prototype upper plenum [1.33 m (52.5 in.) versus
2.13 m (83.7 in.)). Flow pattern calculations indicated that there is a dead zone above

the hot leg nozzles. This dead zone may increase the effects of phase separation by

; condensation on the walls and droplet deposition on the internals of the plenum. To
prevent this, it was desirable to shorten the upper plenum. The flow area of the plenum

is preserved but the volume is not. The height to the bottom of the hot leg nozzles is
maintained to preserve the potential for froth buildup on the upper core plate.

Other features of the upper plenum are as follows:

The hot leg nozzles are positioned at an angle of 96 degrees on the centerline--

(figure 6-8).

The upper plenum contains 10 cylindrical internals arranged in the array shown--

in figure 6-8. The internals,12.64 mm (1.125 in.) in diameter, are attached to;

'

the upper plenum top flange and to the upper core plate as shown in figure
6-3. Construction details of these columns are shown in appendix E, figure E-2.

Penetrations (windows) near the nozzles allow for optical probe and photography,--

Connections for diff erential pressure cells along the plenum height allowi --

determination of froth height.

1. Moore, M. J., et al., Two-Phase Steam Flow in Turbines and Separators,
Hemisphere Publishing, Washington, DC,1976.
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6-5. Upper Core Plzte

The upper core plate serves two purposes: it' provides support for the upper plenum
internals, and it atomizes droplets entrained from the core before they enter the upper-
plenum. The core plate is 7.6 cm (3 in.) thick with a flow area' ratic typical of the
prototype plant. The upper core plate dimensions are shown in figure 6-9. As previously

- stated (paragraph 6-4), the upper core plate dimensions preserve the steam velocities

and should give a flooding phenomenon similar to that of the prototype plant.

6-6. Test Bundle

A cross section of the bundle is shown in figure 6-5. The bundle represents a section of

a 17 x 17 fuel assembly. All dimensions representative of a 17 x 17 fuel assembly are
preservec in the test bundle. These include the fuel rod pitch and the fuel rod
diameter. The bundle comprises 161 heater rods (111 uninstrumented and 50
instrumented),2 instrumented thimble::,14 steam probe thimbles, and 8 triangular fillers.

' Details of the heater rnd design ore shown in figure 6-10. In this figure, groups 6 and 12

are uninstrumented rods, and groups 7, 8, 9, and 10 are instrumented rods. The
thermophysical properties of the heeter rod materials are listed in table 6-2. The heater

rods are of the single-ended design, in which the upper end of the heated element is

grounded to the cladding by a solid conductor, which in turn is connected to a common

ground plate by either a four- or a single-nickel terminal. The single-ended design was
needed to provide better scaling and simulation of the upper plenum and its internals.

However, with this design, the cladding thermocouple leads can only be brought out

through the lower end. The heater has a maximum capacity of 8 kilowatts at 270 volts ac.

The bundle fillers are split and pin-connected at the midspan between grids. Filler

detail drawings are given in appendix E. The fillers are welded to the grids to maintain
the proper grid spacing.- The fillers are employed to reduce the excess flow area caused

by the cylindrical housing and the bundle square pitch array. The bundle excess flow
area is 4.7 percent with fillers and 9.3 percent without fillers. The bundle area in a
plane without grids is 0.015478 m2 (23.989 in.2). The bundle grids are of the simple |

egg-crate design. The grid straps are made from stamped Inconel straps 0.38 mm (0.015
;

I

.
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in.) thick with hemispherical dimples to center the heaters and maintain the bundle rod

pitch of 12.6 mm (0.496 in.). The grids further reduce the bundle area by about 22
percent. Grid detail and drawings are included in appendix E.

The bundle thimbles are 304 stainless steel tubes with an outside diameter of 12.0 mm

(0.474 in.) and 0.91 mm (0.036 in.) wall thickness. Most of the thimbles are

instrumented with aspirating steam probes, and bare and heated fluid and wall
thermocouples. Thimble design details are included in appendix E.

6-7. Ground Plate (Fuel Nozzle Simulator)

The ground plate for the single-ended heater rods of the systems effects f acility will
also simulate the end nozzle of PWR fuel assembly. The ground plate flow area to core

flow area ratio is typical of the PWR fuel rod nozzle flow area to core flow area ratio.
Tne ground plate (figure 6-1I)has a flow area of 0.011498m2 (17.821 in.2),

6-8. Steam Generators

The systems effects facility contains two active steam generators, one each in the
simulated broken and unbroken loops. Descriptions of these stecm generators are given

in the following paragraphs.

6-9. Unbroken Loop Steam Generator - The steam generator used for the unbroken loop

is the large steam generator simulator used in the FLECHT-SET Phase B test
program.II) Figure 6-12 shows details of construction of the generator.

Certain modifications were made to the generator for the separate effects task.( } All

but one of the spare tubes previously plugged for the FLECHT-SET Phase B test series

were opened. A total of 32 of 33 tubes were needed to preserve, as closely as possible,

(

l. Cleary, W. F. , et al. , "FLECHT-SET Phase B System Design Description,"
WCAP-8410, October 1974.

2. Howard, R. C., et al., "PWR FLECHT SEASET Steam Generator Separate Ef fects
Task: Task Plan Report," NRC/EPRl/ Westinghouse-2, March 1978.
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TABLE 6-2

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION

THERMOPHYSICAL PROPERTIES OF HEATER ROD MATERIALS

Thermal
Density Specific Heat Conductivity

3 3[kg/m (Ibm /f t )] [J/kg 0C(Btu /lbm OF)] [w/m 0C(Btu /hr-ft OF)]Material

Kenthal 2898.70 456.36 + 0.45674 T
A-1 (180.96) for T < 649 C

(0.109 + 0.000059 T
for T < 12000F)

4161.68 - 3.843 T 16.784 + 0.0134 T
f or 6490C <T <871 C (9.7 + 0.0043 T)

(0.994 - 0.00051 T
for 12000F < T < 16000F)

664.86 + 0.0904 T
for 38710C

(0.1588 + 0.000012 T
for T 16000F)1

Baron 2212.15 2017.74 - 1396.26E-0.00245 T 25.571 - 0.00276 T
nitride (138.1) (0.48193-0.333492E-0.0013611 T) (14.778 - 0.0008889 T)

Stainless 8025.25 443.8 + 0.2888 T 14.535 + 0.01308 T
steel 347 (501.0) for T < 3150C (0.4 + 0.0042 T)

(0.106 + 3.833 x 10-5 T
for T < 599.250F)

484.4 + 0.1668 T
for T > 3150C

(0.1157 + 2.2143 x 10-5 T
for T >599.250F)

|

|
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possible, tha flow trse segling relatiorrhip, becruse of incroising the herttr rod bundle
flow area in the FLECHT SEASET systems effects task. The tube chosen to remain

plugged was tube E in figure 6-12. This tube was selected because it would be most
strongly affected by edge effects of the shell on the steam generator secondary side and

edge effects of the inlet plenum on the primary side.

Additional modifications were incorporated for the natural circulation test series. A 15
cm (6 in.) nozzle was added to the unbroken loop steam generator plenum for the

unbroken loop hot leg connection. This was the largest possible nozzle that could be
accommodated on the inlet plenum (figure 6-13). A nozzle was also added to the top of

the secondary side of the steam generator to permit circulation of coolant durir.g
testing. An instrumentation ring with multiple radial penetrations was added between
the tubesheet flange and the lower plenum section for bringing out primary side
instrument leads.

6-10. Broken Loop Steam Generator - The steam generator used for the broken loop is

the small steam generator simulator used in the FLECHT-SET Phase B test program.

Figure 6-14 shows details of construction of the generator.

Certain modifications were made to conform the broken loop steam generator to the

unbroken loop steam generator. All tubes in the broken loop steam generator were
unplugged to increase the flow area to the scaled flow area. An instrumentation ring
was added to bring out primary side instrumentation. Two sight glass nozzles were
added to the outlet plenum of the steam generator. An 8.9 cm (3.5 in.) nozzle was added

to the inlet plenum as shown in figure 6-15 for the broken loop hot leg connection. A
nozzle was alsn added to the top of the secondary side of the steam generator to permit

circulation of coolant during testing.

6-11. Steam Generator Secondary Side Cooling System

For the natural circulation series of tests, a secondary side circulation system was added

to both steam generators, as shown in figure 6-16. This system consists of an expansion
btank with a nitrogen overpressure for system pressure control by inlet and letdown

regulators. Cooling was by demineralized water in a closed loop system.

6-42
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Tha closed loop his two c:nned mrtor pumps to circulits w:tzr through 5 cm (2 in.) |
separate and 8 cm (3 in.) common' lines. ' Flow control is by 1.3 and 5 cm (0.5 and 2 ici.) |

pilot-oparated valves. Flow enters the bottom of the secondary side through existing
nozzles and exits through new nozzles added to the head of the steam generators, and
goes through a heat exchanger before returning to the pumps. The flow is measured with
orifice plate flowmeters.

The secondary side cooling system can also be operated as an evaporation cooler

(boiling). The generated steam exiting through the top of the steam generator secondary

side can either be condensed or dumped to atmosphere. When the system is operated

with boiling at a constant water level, the steam is condensed in the secondary side heat

exchanger and gravity-fed back to the steam generator shell side. During "boiloff"
tests, when the secondary side is allowed to go dry, the steam is condensed in the same

manner but the condensate is dumped to drain. The makeup water injected during
recovery and refilling of the secondary side is preheated to 93 C (200 F) to minimize
thermal shock of the steam generator tubes and shell

6-12. Downcomer, Downcomer Extension, and Lower Plenum Crossover Leg

The downcomer and downcomer extension assembly is connected to the lower plenum
crossover leg for the purpose of delivering reflood water to the test section lower

plenum at a flow rate hydraulically scaled to that of a PWR plant. The layout of this
piping system is shown in figure 6-2. The downcomer and downcomer extension assembly

is a vertical run extending approximately 6 m (20 f t) abo ve the bottom of rod bundle
heated length (ref erence elevation). The downcomer, which consists of the lower 4.88 m )

|(16.0 f t) of this section, was fabricated of carbon steel tubing having an inside diameter
of approximately 14.29 cm (5.625 in ). These dimensions provide both volumetric and

hydraulic scaling to a PWR. The downcomer is used to develop the hydraulic head
needed to force reflood water into the test section.

The downcomer extension is the 0.91 m (3.0 f t) upper extension of the downcomer.

Details of the downcomer and downcomer extension design are shown in figure 6-17,
group 1. The downcomer extension was fabricated of 16.83 cm (6.625 in.) diameter
tubing with 1.3 cm (0.5 in.) thick walls and six 15 cm (6 in.) pipe flanges. Since the OD of

I
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tha tubing w:s tha samm 15 cm (6 in.) nominal pip;, stend;rd fittings could ba used, This

extension is shown having four nozzles, but only two were used during natural circulation

series tests. These two nozzles are the 7.6 cm (3 in.) penetration, which is used to
connect the downcomer to the simulated unbroken loop cold leg piping, and the 3.8 cm

(1.5 in.) nozzle, which is connected to the broken loop cold leg. The other two nozzles
were capped with blind flanges during these tests. In addition, a gate valve was installed
at the bottom of the downcomer, as shown in figure 6-2, to isolate the downcomer and

provide a flow path for the circulating pump in case forced circulation in the primary

side is needed.

Attached to the. bottom of the downcomer is the lower plenum crossover leg piping, as

shown in figure 6-2. This section was fabricated of carbon steel tubing having an inside
i

diameter of approximately 14.29 cm (5.625.in.). Also used in this line is a 90-degree long

radius elbow, a specially designed spool piece to house the turbo-probe, and a flexible

rubber hose. The spool piece consists of two weld neck flanges welded to a 7.6 cm (3 in.)

tee section which houses the bidirectional turbo-probe. This turbo-picbe was used to

measure both forward and reverse flow into and out of the test section. Details of the
spool piece construction ore shown in figure 6-16, group 3. The rubber hose connects the

crossover leg to the lower plenum and allows for downward thermal expansion of the test
section. The horizontal run of the lower plenum crossover leg is 2.3 m (7.5 f t) long,

including the turbo-probe. A 3.8 cm (1.5 inch) nozzle located in the elbow of the
crossover leg was used to inject the coolant water from the accumulator for all
reference reflood tests. This penetration is attached at a 90-degree angle to the
crossover leg to dissipate the dynamic head of the injection flow.

6-13. Loop Piping

The loop piping consists of two flow paths representing the unbroken, or intact, and the

broken loops of a PWR. As stated before, the system was originally designed to conduct

reflood experiments. For this reason, the unbroken loop represents the three intact
,

loaps of a PWR during a hypothetical loss of coolant accident, and the broken loop|
j

repreunts the loop where the break occurs. However, for the natural circulation tests,
the broken loop is not connected to the containment tank simulating a break, but is j
connected to the downcomer extensior, to complete the circuit and provide an

i
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uninterrupted flow path from the upper plenum, through the steam generator, the loop
pump seal, and the cold leg, to the downcomer extension. The layout of these loops is
s'hown in figure 6-2.

.

All the loop piping components are fabricated with carbon steel pipes rated at 1.03 MPa
(150 psi) and 316 C (600 F).

In the unbroken loop,15 cm (6 in.) sch 40 piping connects the upper plenum to the steam

generator inlet plenum. The hot leg has two spools, one of which could accommodate

advanced two-phase flow instrumentation.. The other spool could be replaced with a

gt:ss pipe section to visually determine flow regimes during two-phase flow and reflux

condensation cooling modes. However, this glass pipe section can caly be operated at
prrssures below 0.48 MPa (75 psia) and 149 C (300 F).

The pump loop seal piping downhill and uphill legs were fabricated with 7.6 cm (3 in.) sch;

40 pipe. The horizontal section is a 5 cm (2 in.) sch 80 pipe spool with a flanged
connection for installing a bidirectional turbine meter spool. The uphill pipe section has,

fitnges for a orifice plate, which could be used to adjust the unbroken loop flow
r:sistance.

1

The unbroken loop cold leg consists of 7.6 cm (3 in.) sch 80 piping. It has two
penetrations for cold leg injection, and short pipe spools for installing flow check valves

:

| if necessary.

|

The hot leg and cold leg were purposely sloped toward the upper plenum and downcomeri

extension to ensure that the liquid film flowing countercurrently during reflux
5 condensation tests would flow back to these components. The hot leg has a total slope

of 11 cm (4.5 in.) and the cold leg is sloped 19 cm (7.5 in.) over its entire length.
Dimensions and fabrication details drawings are included in appendix E. Special

consideration was given in aligning the bottom of the pipes and gaskets at the flange
connections in order to minimize the damming effect of various pipe spools by trapping

water, which could prevent accurate measurements of the condensed liquid film height
end flowrates during reflux condensation tests.

.

The broken loop piping has a configuration similar to that of the unbroken loop. The
. broken loop hot leg is made of 9 cm (3.5 in.) sch 40 pipe. Its flow area is about one-third,

,
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th t of tha unbrok n loop to mrintzin the prop:r sc: ling. Tha loop sul downhill end
uphill piping consists of 6.3 cm (2.5 in.) extra strong (XXSTR) schedule pipe. The
horizontal leg has also a reduced diameter pipe spool with flanged connections for
installing a bidirectional turbine meter. This spool is made of 3.18 cm (1.25 in.) sch 60

pipe. The uphill leg has flanges for installing a thin plate orifice. The cold leg was
fabricated with 3.8 cm (1.5 in.) sch 40 pipe. This section of piping does not have
penetrations for cold leg injection like the unbroken loop cold leg. The broken loop hot

and cold legs were also sloped downward toward the upper plenum. The overall slopes |
are the same as those of the unbroken loop. In addition, the hot and cold leg flanged :
connections were also aligned as in the unbroken loop.

6-14. Pressurizer

i
4

Accumulator no.1 is used as a pressurizer during the natural circulation test. It is
connected to the crossover leg elbow at the bottom of the downcomer, as shown in
figure 6-2. The pressurizer is used to pressurize the loop primary side by means of a
feed-and-bleed gas overpressure control system. It also provides preheated water during

filling, and serves as an expansion tank and reservoir for the primary side mass depletion

during two-phase flow and reflux condensation cooling mode tests. Accumulator no. I is

a tank with a 61 cm (24 in.) outside diameter and 5.72 cm (2.25 in.) inside diameter; it is

about 6.1 m (20 f t)long. It has a capacity of about 1.5 m (400 gal). The 2.5 cm (1 in.)
sch 40 connecting line (injection) to the crossover leg has a bidirectional turbine meter

to monitor flows in and cut of the pressurizer.

6-15. Cold Leg and UHI Coolant Injection System

The system provides preconditioned water during cold leg and UHI injection effects
tests. The injection locations are shown in figures 6-2 and 6-3. The coolant is supplied
by a 1.14 m (300 gal) tank via a 2.5 cm (1 in.) sch 40 line and a 0.008 to 0.08 m / min (2

to 20 gal / min) turbine meter. Nitrogen overpressure in the accumulator provides the

necessary driving head to attain the required injection rates.I

6-16. Boiler S

The facility steam supply is a 1.23 mw (125 bhp) steam boiler. The unit has a thermal <
~

output rating of 1,225,500 w (4,184,000 Btu /hr) and an equivalent steam rating of 1956
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.

kg/hr (4313 lb/hr) et 100 C (212 F). Th2 boll:r is of the packiga firetubs d:e!gn
j equipped with a combination gas /oll burner, modulating fire capabilities, and automatic

controls, Design and construction of the boiler is in accordance with the ASME Code,
( Section 1. Design pressure is 1.14 MPa (150 psig). The unit was operated at

approximately 0.79 MPa (100 psig) for all tests. At this operating condition, outlet
steam quality is rated as better than 99.5 percent. The steam supply was used during
shakedown hydraulic tests to determine flow resistances around the primary side piping,
and for purging the primary side of noncondensible gases (air, helium) during filling
operations.' The steam supply line layout drawings are included in appendix C.

6-17. GENERAL INSTRUMENTATION DESCRIPTION

The data required on this task consist of temperature, power, flow, level, differential

pressures, and static pressure. The temperature data were measured by type K
(Chromel-Alumel) thermocouples using 66 C (150 F) reference junctions. The

thermocouple locations are divided into two groups: test section bundle and loop.
Bundle thermocouples consist of heater rod, thimble wall, steam probe, and fluid
thermocouples. The heater rod thermocouples were monitored by the Computer Data

Acquisition System (CDAS) for surface temperature and overtemperature. The loop
thermocouples measure fluid, vessel wall, piping wall, insulation, steam generator
primary and secondary side, and tube wall temperatures.

Power input to the bundle heater rods was measured by Hall-effect watt transducers.

Power input to the bundle heater rods was measured by dual watts /rms, volts /rms, and

amps /rms transducers with an accuracy of + 1 percent full scale for volts and amps, and

+ 2 percent for power. These transducer systems include two sets of stepdown potential
and current transformers. The scaling factor of the transformers were accounted for

when the raw data (millivolts) were converted to engineering units.

The system pressure measurements were both static and differential. The pressure
itransdocers were balanced bridge strain gage devices and capacitance diaphragm '

devices. The differential pressure readings measured level in the vessels and the bundle I
)

and pressure drops across selected horizontal pipes. Standard thermocouple calibration
|

table entries and the corresponding coefficients were used to compute the temperature !

f
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v:luis. All other chtnn:1 calibration files were a str:ight-line interpolation of

calibration data. The slope, intercept, and zero for the least-squares fit of a straight
line to the equipment calibration data were computed for each channel and entered into

its calibration file. The sof tware used this straight-line formula to convert millivolts to

engineering units. Figure 6-18 presents a schematic diagram of the computer hardware

int erf ace.

Flows were measured by turbine meters, rotameters, bidirectional turbine meters,,and a

turbo-probe. The turbine meter was the primary flow measurement because of its high

accuracy and range. It was a standard turbine meter with a preamplifier and flowrate
monitor to convert the pulses from the turbine blades to flow rate in gallons per
minute. The rotameters measured condensed liquid film flowrates during the ~ reflux

condensation tests. The rotameter float displacement was converted to an analog signal

so that the flow measured by the rotameter could be recorded by the data acquisition

system. The bidirectional turbo-probe was used to measure the downcomer flow into or
out of the bundle. The turbo-probe was installed in the downcomer crossover pipe to

measure the velocity of the water in that pipe. The turbo-probe flowrate monitor analog

signal was proportional to the speed and direction of flow in the downcomer crossover

pipe. Calibration of the turbo-probe by the manufacturer provided data conversion
from millivolts to gallons per minute for the turbo-probe analog signal. Bidirectional
turbine meters monitored flows in the unbroken and broken loop pump loop seals, and

measured reverse flows if they occurred. A bidirectional turbine meter, also installed in

the line connecting the pressurizer to the crossover leg, was able to measure flow in
both directions during primary side mass depletion or mass increase modes.

6-18. DATA ACQUISITION SYSTEM

Primarily, three types of recording systems monitor the instrumentation on the FLECHT

SEASET facility. The data acquisition system consists of a SEL 32/77 computer,
Consolidated Control Corporation (CCC) data logger, and multiple stripchart pen
recorders. Figure 6-19, the facility instrumentation schematic diagrams, can be used in

conjunction with table 6-3 to locate and identify all the facility instrumentation
monitored by the data acquisition system. t

W
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6-19. Computer Data Acquisition System (CDAS)

The CDAS is the primary data collecting system used on the FLECHT facility and
consists of a SEL 32/77 computer and associated equipment. The system can record 576

channels of analog input data representing bundle and system temperatures, bundle
power, flows, and absolute and differential pressures. The computer is capable of

1

storing data scans for each of the 576 analog input channels.

.

The computer software has the following features:

-- A calibration file to convert raw data into engineering units -

A preliminary data reduction program which transfers the raw data stored cn a disk--

to a magnetic tape in a format compatible for entry into a Control Data
Corporation 7600 computer

Program F-LOOK, which reduces raw data into engineering units; program FVALID,--

which prints out key data used in validating FLECHT SEASET runs; program PLOT,

which plots up to four data channels on a single graph. All three programs are
f utilized to evaluate test runs.

In addition to its role as data acquisition system, the computer also plays a key role in

the performance of an experimental run. Important control functions include control of

injections, flow, and power as well as termination of bundle power in the event of an
overtemperature and/or overpressure condition. Table 6-4 lists the instrumentation
recorded on the CDAS.

6-20. Data Logger

The CCC data logger is a microprocessor-based data logger which can record on either

21-column paper or digital magnetic tape. The paper readout feature is used to monitor

loop heatup, ...d the digital magnetic tape recorder stores data during a test. Data are

recorded in engineering units from either standard conversion tables or thermocouples

and RTDs, or from preprogrammed calibration files for pressure and flow. Input signals

6-68
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Figure 6-19. FLECHT SEASET Natural
Circulation Facility
Instrumentation Schematic
Diagram (sheet 1 of 2)
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Figure 6-19. FLECHT SEASET Natural
Circulation Facility
Instrumentation Schematic
Diagram (sheet 2 of 2)
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TABLE 6-3,

,

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS OVERALL NSTRUMENTATION LIST

|

Number of Channels Used
.

StripchartComponent / Instrumentation CDAS CCC Recorder

TEST SECTION

Rod Bundle:
4

Heater rod thermocouples 33 4-

Bare thermocouples 9 - --

Heated thermocouples 8 -- nThimble thermocouples 20-
--

Ground plate fluid thermocouples 1 -- --

Ground plate wall thermocouples 1 -- --

,

Power:,

Primary 3 -3
,

--

j Redandant 3 -- 3i

I Housing:
i Wall thermocouples 3 3 3! Irsulation thermocouple 3 3
J Differential pressure cells 15 15 1

--

| Lower plenum: ''
-

Fluid thermocouple 1 1--

Wall thermocouple 1 1
; Insulation thermocouple 1

-

--
, --

Upper plenum:
Pressure 1 1 1Differential pressure cells 7 7 1Wall temperature 2 2Core plate fluid temperature 1 1 !

--
,

I -

Core plate wall temperature 1 --

] Irsulation temperature 1
--

- --

!

i
;

1

i, I

!

i
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TABLE 6-3 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

,

Number of Channels Used

Stripchart
Component / Instrumentation CDAS CCC Recorder

UNBROKEN LOOP

Hot leg:
1Fluid thermocouple 19 -

Wall thermocouple 10 10 -

Insulation thermocouple 4 -- --

Flow (rotameter) 2 1--

Dif ferential pressure 1 I --

Pump loop seal:
Fluid thermocouple 5 -- --

Wall thermocouple 5 5 --

Insulation thermocouple 3 -- --

Flow 1 1 1

Differential pressure cell 1 1 --

Cold Leg:
Fluid thermocouple 18 -- --

Wall thermocouple 7 7 --

Insulation thermocouple 4 -- --

Flow (rotameter) 1 1--

BROKEN LOOP

Hot Leg:
Fluid thermocouples 17 1--

.

Wall thermocouples 10 10 -

I Insulation thermocouples 4 - --

Flow (rotameter) 1 1--

i Dif ferential pressure 1 I --

Pump loop seal: ,

Fluid thermocouples 5 -- --

Wall thermocouples 5 5 --

Insulation thermocouples 3 -- --

Flow 1 1 1

Differential pressure 1 I --

.i

|

f
'
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TABLE 6-3 (cont)

FLECHT-SEASET NATURAi CIRCULATION AND-

REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

|

Number of Channels Used

Stripchart
| ' Component / Instrumentation CDAS CCC Recorder ,

Cold Leg:;

! Fluid thermocouples 15 -- --

Wall thermocouples 9 9 --

Insulation thermocouples 5 -- --

Flow (rotameter) 1 1--

UNBROKEN LOOP STEAM GENERATORS

Inlet side:
Primary fluid thermocouples (steam probes) 23 1--

Tube wall thermocouples 25 -- --

Secondary side fluid thermocouples 25 -- --

Shell wall thermocouples 2 4 --

Insulation thermocouples 1 4 --

Primary differential pressures (a) 8 8|

!
--

!
Outlet side:

Primary fluid thermocoup!es (steam probes) 21 1--

Tube wall thermocouples 15 -- --

Secondary side fluid thermocouples 9 -- --

Shell wall thermocouples 2 4 --

Insulation thermocouples 1 4 --

! Primary dif ferential pressures 1 1 --

|
'

Secondary side cooling system:
Fluid thermocouples 2 2--

Static pressures 2 2 1
Differential pressures (overall) 1 1 1

Differential pressure (orifice plate) I I I

a. Including inlet-outlet primary side aP

|
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TABLE 6-3 (cont) .

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST-

Number of Channels Used

Stripchart
Component / Instrumentation CDAS CCC Recorder

BROKEN LOOP STEAM GENERATOR

Inlet side:
Primary fluid thermocouples (steam probes) '22 1--

Tube wall thermocouples 27 -- --

Secondary side fluid thermocouples 27 -- --

Shell wall thermocouples 2 4 --

Insulation thermocouples 1 4 --

Primary differential pressures (a) 3 3 ..

Outlet side:
Primary fluid thermocouples (steem probes) 20 1--

Tube wall thermocouples 19 -- -

Secondary side fluid thermocouples 14 -- --

Shell wall thermocouples 2 4 --

Insulation thermocouples 1 4 --

Primary differential pressures 1 1 --

Secondary side cooling system:
2Fluic thermocouples 2 --

Static pressures 2 2 1

Dif ferential pressure (overall) 1 1 1

Differential pressure (orifice plate) I i 1

Downcomer:
Pressure 2 2 1

Differential pressures 2 2 2
1Fluid temperature 2 --

Wall temperature 2 -- --

Insulation Temperature 2 -- --

|

Crossover leg:
; Flow (bidirectional turbo-probe) 1 1 1

Fluid temperature 1 -- -

Wall temperature 1 -- --

Insulation temperature 1 -- --

8. Including inlet-outlet primary side aP

6-76
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TABLE 6-3 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS OVERALL INSTRUMENTATION LIST

Number of Channels Used

Stripchart
Component / Instrumentation CDAS CCC Recorder

MISCELLANEOUS

Accumulator no.1 (pressurizer)
Pressure

1 i 1Differential pressure level
1 1 1Fluid temperature 2 -- --

Wall temperature
1-- --

Accumulator no. 2
Pressure and cold leg injection 2 1 1Differential pressure l 1 IFluid temperature (b) (level)

2 g__

Wall temperature
1 1

--

Flow (injection line)
1 |--

Noncondensible gas injection:
Pressure i 1 1Fluid temperature 2 2 2Flows 2 2 2

Loop differential pressure cells 9 9
Spares

1

--

-- --

b. Including injection line

6-77
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TABLE 6-4

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

**********.cLassARye*****++e***** =

A f f'IM = ACCU 1ULATOR MTR= METLA

ROT = SOTTG1 MOZ= h02ZLt

row. iR1 KEN ORIF= untFICE

CONie C9NDE1 SED OUTL = OLILE1

OWNC01ER= 00dNCOMER PLN1= rLENUM

0/8. 01F F ERENT I AL PR Ls 50RE Pde >ACBE

Fr?. ixTENSISH PRt= PalMAAY

F. CLUID PRS = Peta >uRc

FL= FLUID PT. Pht$50Rt TR A NS P. ATit R

FL44= FLANGE ROTA= ROTANtTER

FT= F E E TI EL! d A TIOil S EC= S tCOND A4 Y
.

Con = GDSUND SP= STEA1 Pm0Bc

TN= I NC N E S t!L E V A TI 1N I S T= S i t AM

I k' J = T NJE CTION ST GEhe 4TcAM GihthAT0k

INI . INLFT STA= $ TAT 10h

tnt = IN 5 tit t T IO N T= TUBt

T N till e IN$UL AT ION TUk9= Tund1Ns

LT0= LIQUID T /C = letAiuLJUPLE

LN. LINE UNBRK. UNddD(kA

LP. LOOP UP. UF>td PLEhiM

dLa WALL

CH ANiel 1 4 EATEN 400 T/C 6H1-0 NANet:0-1000 DE6 F

CHAN1FL 2 4E AT ER 400 T/C dC2-0 M ANGisv-10uo uk G F

rHANNEL 3 HCATEk 400 T/C $F2-0 MANGE 0-1000 UEu F

CHAN1EL 4 4EATEk 800 T/C 7J3-3 kANJcs0-1000 uth F

CHAN1FL 5 4E ATER 40D T/C 7E3-3 RAN4cto-1040 DLk F

CH8N1EL 6 NE ATE R 400 T/C 7k4-C h ANJe 89-1009 DEG F

CHaNlEL 7 HEATFR 400 T/C 7(4-0 k &Nue s 0-1000 OE b F
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| TABLE 6-4 (cont)
i

FLECHT SEASET NATURAL CIRCULATION AND |,

REFLUX CONDENSATION TESTS
1

!

CDAS INSTRUMENTATION LIST

CHAN1EL 9 HEATER 40D T/C Ph!-C N ANwEs0-A000 dig F

CHaN15L 9 1 EATER 4]D T/C 6F5-C RANJEsJ-1000 Diu F

CHAN1!L 10 4ESTtR 400 T/C eG5-7 kaNGisv-Auwu Dtb F

fHow4tL 11 iE Af f e 40D T/C SF5-7 kan.c J-1960 DE6 Fs

rHaNMEL 12 HE ATER 400 T/C 7J6-C mANutsJ-1000 DtG F

fMANNEL 13 4EATFk 400 T/C 1CH6-0 AAmGesu-19&u Ot6 F

f48NNEL 14 4E ATER 400 T/C 606-0 kA.1Gtav-1960 DEG F

rHANNEL 15 HEATEE 400 T/C eto-o mANbEs0-1000 DEu F

fuaN1EL 16 HE AT ER 40D T/C tG6-6 R ANGt :0-luto utb f

fHANNEL 17 HE ATER ROD T/C SF6-t MaNGisu-1900 DE6 F |

fMA94EL 18 e1F A T E E R O D T / C 7k7-f R ANGt:4-Av00 DE6 e !

' CHAN9EL 19 i! ATER 400 T/C 7G7-0 k AN4E sJ-196C DE G F

fHANNEL 20 HEATER ROC T/C 9L7-C 4 ANGt s J-1000 DE G F

CHANNEL 21 15ATER 400 T/C EA7-f kANGtsJ-isbJ DEG F

fHAN1FL 22 4 EATER 400 T/C EH7-6 RANwt4J-lutC deb F

fHANNEL 23 4 EATER ROD T/C SE7-t k ANG t :0-10 00 dig F
,

l

CH8NNEL 24 4E ATER 40D T/C tC8-C MAN.csv-1460 web t

(NANNEL 25 4E ATER 400 T/C 5F8-0 NAN t:0-lbC0 DEG F

CHsN1FL 26 HE ATER 400 T/C 7J9-3 R AN46 80-1000 DEG F

FHA 49EL 27 dEATER RCD T/C 769-3 kANut:0-1000 oth F

CHANNEL 28 4EATEk 4DD T/C 7>10-0 NANwEs0-1000 DEG f

CHAN1EL 29 dEATES 400 T/C 1CGIC-0 RANot:0-1000 DEG F

rHauNtt 33 4 EATER ROD T/C PC11-u k ANG6 sJ-1000 ut G F

CHAN4:L 31 yc A T E R 400 T /C SFil-u RaNGtsw-loll DES F

CHANNFL 32 HEATER 400 !/C 7J11-6 NANut:0-1000 DEG F
1

CHaN4EL 33 HEATER 400 T/C 7 Ell-6 kANut:J-AwvD utb F

fHaN1rl 34 9ARE T/C 715-C h4Netso-5cc DEG t

CHa"NEL 35 diATED T/C 7Fb-C kam tsJ-200 LtG F
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCUL ATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST |

rHANNEL 36 84RE T/C 7I6-0 R ANJt :0-300 DEG F

CHANNEL 37 HEATED T/C IC16-0 kAN t:0-SJ6 CEG F

(4ANNEL 38 9ARE T/C 717-C RANeceu->b0 DEG F

CHANNEL 39 HEAffD T/C 4F7-0 kaNGLso-SbG DEG F

CHANNil 40 SARE T/C I CF 7-6 N ANst ao-20G BEG F

CHANNEL 41 SARE T/C 718-0 N ANGE 0-500 DtG F
|

CHAN 4 EL 42 HEATED T/C 4FS-0 DAN.EsJ-zoo DEG F

C H AN'4 E L 43 BARF T/C 719-3 M ANGt:0-2LC DEG F

CH641EL 44 HEATED T/C 779-3 kANGt:0-300 DcG F

CuaN1EL 45 BARE T/C 1CF10-0 m ANJ t :0-50G deb f

CHANNEL 46 NEATED T/C 4F10-C h aN4t sw-SvG DeG F

CHANN8L 47 9ARE T/C ICF11-0 NANotsJ-Swb DLG F

CHANNEL 48 HEATEC T/C 1(L7-0 kANGt:J-500 DEG F

CHaHNCL 41 4!ATED T/C 7f11-6 R AN4t ed->b0 GEG F

CHANNEL 50 94RE T/C 7111-6 ma,4Gt:0-Sub DEG F

CHAN1EL 51 TDP FLUID T/C 51A-01 UNBAK LudP 60T LLG RANGtsu-500

CHAWNFL 52 T3P WALL T/C 5fA-01 U N 8t R K LudP hJ T L eiG rah 4EsU-500

fMjNNEL 53 TOP th5UL T/C !TA-01 UNSRK LuJP Hui L tG N A N G t : 0-9 0 0

CHaNNFL 54 807 FLUID T/C STA-01 UNBRK LbdP HOT LtG NANGeso-500

CHANNEL ! S S 1f dALL T/C iTA-r1 U 48 dn LLJe HJi L tb RANGcs0-500

CHANN?L 5$ TOP wall T/: STA-03 U13eK LUJe H01 Ltu NANut40-5JO

C4aNNiL 57 807 W ALL T/C STA-63 UNB4K LbJP HJT LtG W A NG E s o-5M

rHaNNEL 59 TOP FLulu T/C 57A-03 dNBRK LOOP nJi LtG R A NGt s u-500

CHaFNFL SG Bli FLUID T/C STA-03 UNiRK o bJF hJI LtG NANCs 500

CHANNEL 61 T JP FLUID T/C STA-J4 UNBRN LCDP HJ4 t EG MANGtsu-500

CHANNEL 61 00T FLUID T/C 51A-04 UNSWK L0df HJT L LG R A N G E s v-500

CHANNEL 62 TOP FLUID T/C STA-C5 UNBRM LDGe NJi LcG RANot:0-500

ryaNNEL 63 TOP WALL T/C 51A-05 UNBRM LOJP NJi LEG RANGi 0-500

CHANNEL e4 gnT FLUID T/C !TA-05 UNBRM L COP HJI LEb RANGt:0-500

i
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHANNFL 65 BOT b ALL T/C 51A-05 UNBaK LLJP NJT Ltb RANutso-503

CHANNFL 66 90T INhul I/C STA-C5 U NB 4 K LOOP h3I LLG ReNbO v-500

CHANNEL 67 TOP FLUID T/C STA-06 UNRRK L DJ P HOT L 66 NANGted-500

"HANNEL 68 TOP WALL T/C STA-Oc UNBRK LOOP hJl LLG RANGt:0-500

rHANNEL 69 TOP INSUL T/C STA-06 UN34K L LJ P H0 T L EG RANGtsu-500

CHANNEL 73 83T FLUID T/C STA-06 UNS4K LUJP HJT LtG KANutsu-500

CHANNCL 71 30T WALL T/C S T A-0 6 UNB4K LLUP hJ1 LEG MAhGt:0-500

fMANNEL 72 TOP FLJID T/C STA-07 UNBRK LUJP h3T L tb RANGtsu-500

CHANNEL 73 90T FLUID T/C 514 w7 UNB4K LJ09 NJT LtG RahGt:0-900

CHANNFL 74 TJP FLUID T/C 5TA-09 UNdRM L uur Ful L cG RANut 0-500

CHANNEL 75 30T FLut0 T/C !TA-02 UN90N LCOP HUT ctg kANGtso-50)

(HANNEL 76 TOP FLU!0 T/C !T A-09 UN9 R K L LOP HJT L tG k A N u t s u-5 J J

rHAN1EL 77 Sif Fluto T/C STA-04 UNBRK LOJP HJ T L eu RAhutsu-500

CHANNEL 79 TOP FLUID T/C STt-1C UN34K LLOP HJ1 LEG kANutsu-501

fH4NNFL 7) TOP WALL T/C STA-10 UN94k LLcv HJT lag RANGEss-500

CHANN6L e3 TOP IN59L T/C 1TA-10 UNB4K LGov HJ1 LLG kANutso-500

CHANNEL P1 BOT FLUID T/C STA-It UNBRk Loar 601 LtG RANGesu-900

CHANNEL 82 80T WALL T/C STA-1C UNB4K LLOP HJT LtG NANut:0-500

CHANN8L B3 FlutD T/C STA-11 UNBRK LOwe Fund LP SEAL 0-500

CHANNE6 84 WALL T/C STA-11 UNBRN LCOP rump LP StAL 4-3J0

CHANNEL 85 FLUID T/C STA-12 UNBRK LOJP PUMP cP SEAL 0-300

fMAN1EL 66 W ALL T/C STA-12 UNB4K cusp FJMP LP $EAL 0-500

CHANNEL B7 INSUL T/C STA-12 U1BRK LCOP PUMP LP SEAL 0->J0

CHANNFL BS FLUID T/C STA-13 UNBRK LOOP PUMP LP btAL u-500

CHANNEL 29 b AL L T/C STA-13 UNBRK L LOP PUMP LP $[AL 0-500

fHAN1EL 93 INiUL T/C 514-13 UNB4K L0ur PUMP LP SEAL 0->J0

CHANIEL 91 FLuta T/C STA-14 UNSRK LCuP PUh/ LP 5tAL u-5Jo

CHANNEL 92 WALL T/C ST A-14 UNBRK LLJP PUMP LP SEAL 0-5J3

,
CHANNEL 93 FLUID T/C STA-15 UNBRM LC3P PUMP LP SEAL u-500

!

|
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHANNEL 94 WALL T/C STA-15 UNBRK Loup PunP LP SE AL u-5JO

CHANNEL 95 INSUL T/C STA-15 UNBRK LLJP FUMP LP SkAL 0-500

CHANNEL 96 $8ARE

CH4NNCL 97 SOT FLUID T/C STA-16 UNBlK L0uP CJLJ LEG RANGt:0-500

CHANNEL 98 TOP FLJtD T/C STA-17 UNBRK Loop CJLJ LLb RANGtsu-533

rHANIEL 99 TOP WALL 1/C 518-17 UNBRK LOOP COLu Ltb NANwu o-500s

CHANNFL 100 T]P INSUL T/C 51A-17 UNB4K L LJP LJLD LE b RANut:0-500

rMa91EL 101 S3T Flu!D T/C STA-17 JNean LUJP LOLD Ltb RANGtso-509

CHANNEL 102 81T WALL T/C STA-17 UMBRK Lu]P COLO Ltb kANut:0-500

CHAN1tL 103 T y FLUID T/C STA-le UNdRK L0dP CJLJ LLG RANGt:0-500

CHAN1EL 1c4 Bli FLUID I/C STA-le UN94K LLOP C0LJ LEG kANGtsu-500

CHANNEL 1CS TOP FLUID T/C STA-19 UNBEK LLOP CuLJ Ltb RANGoso-500

rHaNNPL 106 40T FLUID T/C 51 A-14 U1BRK LLJP COLD LEG MANGesw-500

CHANNEL 107 CLD LG IN T/C STA-20 UNB4k LLue LaLJ LtG RANutss-503

CHAN9EL 108 TOP FLUID T/C 5fA-21 UNBSK LOJP LOLD Le6 RANwt:0-500

rHAN1EL 109 dGT FLUID T/C STA-21 UNBRK LCJP COLO LEG RANutsv-501

CHANNFL 110 TJP FLUID T/C STA-22 UMBRK L CJ P LJLD LtG NANbtsu-500

CHANNLL 111 TOP W AL L 1/C !TA-22 UNBRK LCJP Lul0 LtG RANGE O-500s

CHANNEL 112 TOP IN50L T/C STA-22 UN94K L OO P LJLD LtG RAhbtsJ-500

CHAN9EL 113 SOT FLUIL T/C 514-22 JN6RK LOOP LOLD LEG RANGtsu-500

CH AN9LL 114 S3T W ALL T/C STA-22 UNBRK LLOP COLO LEb RANGt:0-500

fHaNNEL 115 TOP FLUID T/C STA-23 UNBRK L CU P LOLD Ltb RANGEso-500

CHAN1FL 116 TOP WALL T/C STA-23 UMB4K LCJP LJLO LtG RANutsu-500

CHANNEL 117 T3P IN51L T/C 51A-23 UNBRK LbJP LOLD LtG RANut:0-500

CH8N9FL 116 TOP FLUID T/C STA-24 UNBRK LuuP LOLD LtG R A Nu t s u-500

CHANNEL 11g BOT FLUID T/C STA-24 UNBRK L bd P CJLJ LEG RANGtsu-500

rHaNNEL 120 CLD LG IN T/C STA-2e U NB R K LOOP COLJ LE G RANGt:0-100

CHsNNFL 121 TOP wall T/C 17A-26 U19RK LLOP LOLO LtG k A N G t : 0- 5 0 0

ruaNNEL 122 BOT FLULD T/C STA-26 UNBRK LOJP tJLQ Ltb kANGtsu-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHANNEL 123 IDT W AL L T/C STA-2t UNBRK LCOP COLO LtG RAhutsu-Sin

CHAN9EL 124 80T INSUL T/C STA-26 UNSRK LLJP COLJ LtG kAMGesu-500

CH AN9FL '125 E(IT NJZ UP PR BRK LOOP dG1 LEh RANGt:0-500

rHAN1EL 126 TOP FLJfD I/C STA-26 824 LuuF HOT Lib kANGes0-500

rHAN1F.L 127 TOP WALL T/C STA-26 BRW LLuP NJT Lt. RANGtsu-500

rH AN9EL 128 TOP INSul T/C STA-28 BRK Luut dui Lcb RANGeso-Sio

CHAWMFL 129 BOT FLUID T/C 51A-28 BRK Loup 401 L6G N A NG e s u-500

CHANMtl 130 31T W AL L T/C STA-26 BRK L0ur HJT LcG NANGt:0-500

CHA41rL 131 TOP FLUID T/C STA-29 9NK LuuP dui LcG MANGtsu-500

rWAN4FL 132 80T FLUID TIC STA-29 8Ax LLOP N01 Lc6 RAhut:0-500
CHAN9EL 133 T3P FLUID T/C STA-30 9RK LOOP Hal LEG NAN 6t: 0-500

ruaw9FL 134 dai Fluid T/C STA-30 3RK L LOP 901 LiG kAhutsu-504

CH AN9EL 135 T3P FLUID TfC STA-31 BRK LLOP HJT LcG RANbtsu-500
CHANNEL 136 TOP W AL L I/C !TA-31 BRM LubP dui Ltu RANGcsO-500

CHAN9EL 137 80T FLUID T/C STA-31 8RK LLLP Hal LcG RANGeso-500

CHAM 1FL 138 S1T W ALL T/C STA-31 dRW L0uP dQT LcG RANGt:0-50C

CHANNEL 139 SOT IN3UL TIC STA-31 BRK LbOP d0i Lab RANLtso-500

rHAN9EL 140 TOP FLJIO T/C STA-32 BRK LLLF DOT LEG R ANGt s o-90 0

CHAN9EL 141 TOP W AL L T/C STA-32 9RK L0ur H0T LcG kANGiso-50'1
rHANNEL 142 TOP I N5'J L T/C 51A-32 iRM L0uP HJT LcG RANGt:0-500
rHAN1EL 143 Idi FLUID I/C STA-32 BRK LCOP Ndi LcG RANwLad-500

CHANNEL 144 90T WALL T/C STA-32 BRK Loue dJT Lc6 R A NG E s u-50 0

rHANNEL 145 TOP FLUID Y/C STA-33 IRK LuuP HJi LEG N ANs tt 0-500

rHANNFL 146 d3T FLUID T/C STA-33 9RK L OJP ddl LcG RANGt:Q *00

CH ANN E L 14 7 T3P FLUID T/C 51A-34 9RK LbbP dJl LtG NA NGe s u-500

CHaN4rl the 63T FLU 10 Tit STA-34 8RK LLuP HDI Lcu RANbtsu-500
CHANNEL 149 T1P HALL T/C STA-34 BRK LOOP hcl LcG RANGLs0-500

rHAN98L 150 SOT WALL I/C STA-34 3RK LLLP HJ1 Lc6 NANbtso-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHANNil 151 TOP FLUID T/C STA-35 84K LOOP dQ1 Lcb RAhbsso-500

rHANNEL 15 2 T OP W AL L T/C STA-35 SRK L0ur dal LEG kANGEsu-900

CHANNEL 153 TOP INhjL T/C STA-35 3RN LLOP Hui LcG RANGcau-500

CHAN1EL 154 80T Flut0 t/C 5T4-35 BRK LOUP dal Lab RANGt:0-500

rH441EL 155 63T WALL T/C 514-35 sRK LuuP HOT Lt6 RANGE 84-930

CMaNNI L 156 FLUID T/C STA-36 BRK LOOP PunP LP SkAL u-bw0

C H ANN E L' 15 7 WALL T/C STA-36 BRK LOOP PunP LP SLAL 0-300

CHANNFL 156 FLUID T/C STA-37 8RK LUDP PUMP iP >LAL C-5JO

CHANNEL 159 WALL T/C STA-37 BRW LOOP PUMP LP SLAL 0-Suu

rHANNEL 160 INiJL T/C STA-37 dRK L OOP PUNP LP SLAL 0-500

CHANNEL 161 FLOID T/C STA-32 RRK LLLP PUMP LP StAL 0-500

CHANNEL 162 WALL T/C STA-36 BRK L O L P P u r.P L P StAL O-Su0

CHAN1FL 163 IN31L T/C STA-3E BRK LuuP PUMP LP 5tAL 0-50u

CHANNEL 164 FLUID T/C STA-39 BRM L00P PUNP LP $EAL 6-5 0

CH4NNEL 165 W AL L T/C !TA-39 34k LOOP PunP LP StAL u-suu -

CHANNEL 166 FLUID T/C STA-4C dRK Loup PunP LP SLAL 0-500

CHANNFL 167 W ALL 1/C STA-40 BRK LOOP POMP LP SLAL 6-suJ

CHaNNIL 168 INSJL T/C STA-40 9RK LOUP PunP LP >EAL 0-500

CMa4NAL 169 TOP FLuto T/C 1T4-41 qRK LULF CULO LL6 kANut:0-500

CHANNEL 171 30T FLUID T/C 5T4-41 BRK Lude suto LtG RANGeso-900

CH4NNEt 171 TOP FLulL T/C STA-42 BRK LuoP C0LJ LEG RAhbcso-500

CHaNNFL 172 T3P BALL T/C STA-42 344 L uDP CJLJ Ltb kANGt:J-500

CHaN1E L 173 TOP Ih5UL T/C STA-42 BRK L0uP JWLJ LEb RANGtsJ-900

channel 174 90T Flu!D 1/C !TA-43 3RK L uuP C0LJ LtG RAHw6 0-500

CH4NNF.L 175 80T WALL T/C 51A-43 3RK Ludr sJLD LEG kANGtsu-500 (

CHAN4FL 176 TOP FLU 10 T/C STA-43 82K L uGP 6ulJ LtG NANGt:0-500

CHAMNEL 177 T0k WALL T/C STA-43 9RK LLur COLO LtG N A NG c s o-500

CHANNEL 17A TOP Ih5UL T/C 51A-43 8AK LuuP COLo LtG RANut:0-500

CHAwNCL 179 TOP FLUID T/C STA-44 8Ak LudP JOLD LtG RANGt:0-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHANNEL 180 80T FLUIO T/C STA-44 BRK LuuP COLD LLG RANGt:0-500i

CHANNEL 181 TOP FLUID T/C ITA-45 BRK LuGP GOLD Lt6 NAhGLs0-500

CHAN1EL 182 83T FLOID T/C STA-45 8 RK LOCP Cul0 LkG WANGeso-500
.

. CHANNEL 183 TOP FLUID T/C STA-46 BRK LUUP Cut 0 LtG RAMut:0-500
t

CHANMFL 184 TOP WALL T/C STA-46 BRK LOOP CdLO LEb RANGt:0-500

CHAN1EL 185 GOT FLUID T/C STA-46 BAK LGbP COLo tEb kANGEeu-500

CHAN4tL 186 80T WALL T/C 5fA-46 SRK Loup CJLJ LEb RANGtsu-500

CHANNEL 187 BJT 1h5UL T/C STA-46 $RK LOOP JOLO LiG RANGLs0-500

rHANNEL 168 TOP FLUID T/C STA-47 3AK LOOP CJLu LLG NANunsu-500

rHsN1hl 189 TOP WALL T/C !TA-47 dRK LOOP CULJ LtG kANGEso-500

CHAN1FL 191 T OP INiJL I/C STA-47 BRK L0uP COLD LiG RANGeso-500
i
i rHANNEL 191 $JT FLUID I/C STA-47 dRK L LuP SOLD LLG RANGisJ-500

rHANSFL 192 4GT kALL T/C 51A-47 IRK LGue Cuto Lk6 RAhGesu-500

CH ANNE L 19 3 TDP FLUID T/C STA-46 BRK Lubr LOLD Lib WANGesu-500

CHANNEL 194 T1P BALL T/C STA-46 BRK LOUF wato LtG kAhGeso-500
:

rHANNEL 195 40T FLuto T/C STA-42 BRM LuuP COLD LtG EANwss0-$00
,

'
fMAN1EL 19 6 10T WALL 1/C STA-4P 8RK LuGP JULD LtG RAhGLau-500

C4AN1FL 197 81T IN5JL T/C STA-48 BAK LuuP LJLo LEb mANGeno-500
4

fMANNIL 198 CJL D LEG INJ LN FL T/C U1dAK Ldwe LJtD Ltb NANGtse-500

rHANNEL 149 ACCUN 1 FL T/C RAhGEs0-501
'

CHANNEL 200 EXIT ADE UP PR UNBRK LLuP hJT LtG k.4Nutsu-500

CHA"4EL 201 INL ET *L NM ST PR JN9AK LDue hi GtN kANGts0-500

i CHAN9E L 202 INLET dALL T/C UN8RK LLOP ST uth RANGE 80-500

CNsN4FL 203 OUTLT PLN9 ST FH UN84K LLOP 3T GLN RANwiso-500
1

CHAN4FL 204 OUILT d ALL T/C UNORK LOOP si .Eh kA hG E s o-5SS

CHANNEL 2C5 INL TU8E WALL T/C 0 F T UNbRK L dLP ST GEN lui d-3 0-500

CHAN1FL 2C6 INL TLSE W ALL T /C 0 FT UNBkn LduP 2T mLN 113 0-0 0-500

fMANNEL 207 INL TudE dALL 1/C 0 FT UNBkk LuCP SI GtN 120 H-9 0-50i

CH ANNEL 208 IML SEC 510E F-T /C 0 F T UNbkK LGUP ST GLN 1 A-4 0-500

CHANNEL 209 INL StC SIDE F-T/C 3 FT UN BkK LOOr al GEN 8 C-$ 0-500

6-85

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



TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS |
CDAS INSTRUMENTATION LIST

CHAN1EL 213 INL SEC SIDE F-T/C 0 FT UNbkK Loup il GEN 21 E-s 0-501

CHANNEL 211 INL SEC SIDE F-T/C 0 F T UNdkK LOOP Si GEN 31 H-7 6-500

rHANNEL 212 INL TU3E HALL T/C .5 FT UNBkn LGue iT GEN 102 6-3 0-500

RWA 41EL 213 INL TU5E m4LL T/C .5 F T UNbpK LOOP af GtN A14 b-o 0-501

CHANNEL 214 INL TL35 WALL T/C .5 F T UN8mK L UCP Si Gin 119 F-6 0-500

rHANNEL 215 INL 7085 .ALL T/C .5 F T UNBdk L 0uP il GtN 12 7 H-J 0-500

CHAN1FL 216 INL SEC S IDE F-T/C .5 F T UN bkK LJLP 5t GEN 2 A -4 0-511

rHANNEL 217 INL SEC SICc F- T /C .5 F T UNbkn L OLP aT 6tN 9 C-3 0-500

rHAN9FL 218 INL SEC 510E F-T/C .5 F T UNekk LUud af GtN 32 H-7 0-503

ruaNNEL 219 INL TusE =ALL 1/C 1 F T UNbbK LOLP 5T GLH 103 b-J 0-903

CHANNEL 220 INI TL4E HALL T/C 1 F T UNokk L LLP af GLN 115 U-o 0-500

rHAN1FL 221 INL TUSE WALL T/C 1 F T UNbk K LLLP ai GtN A28 H-i 0-501

CHANNEL 222 INL Sec 5ADE F-T/C 1 FT UNbyn LuLP ai GEN 3 A-* 0-501
,

CHANNEL 223 INL SEC S lut F-T /C 1 FT UNbsk LulP ai GEN 19 C 42 0-530

CHAN1EL 224 INL SEC SIDE F-T/C 1 FT UN6mK L dLP ST GEN 23 E-a 0-501

CHANNEL 225 INL SEC SIDE F-T/C 1 F T UNdkK LuuP if BEN 33 N-7 0-500

CHANNEL 226 INL PRI ST PR 1 F T UN89K LUUP SI GEN 327 8-6 0-513

CHAN1EL 227 INL PRI $T PR 1 FT UNBkk LOOP af GtN 3Au C-g 0-531

CHAN9EL 228 INL PRI ST PR 1 F T UN6mK LOLP il htN 323 U-4 0-500

CHANNEL 229 INL PRI Si PP 1 FT UNbkK LOLP af GEN 329 t-3 0-50n

CHANNEL 233 INL SEC SIDE F-T/C 1.5 FT UN8kk LOLP if GEN 4 A-4 0-503

CHAN1EL 231 INL SEC SIDi F-T/C 1 5 F T UNdRK L ULP af GEN 11 C-5 0-500

CHANNEL 232 INL SEC FL T/C 1.5 FT UNbRK LOLP af GtN 24 c-o 0-500

|

CHANNEL 233 INL SEC SIDE F-T/C 1 5 FT UNeen LULP af GEN 34 H-7 0-500
,

1

l CHANNEL 234 INL TU9E WALL T/C 2 F T UNdkK L6CP if GEN Au4 8-3 0-500

rWANNEL 235 INL TUBE WALL T/C 2 FT UN8NK LOLP if GEN 116 0-0 0-500

rMANiiL 236 INL Tudi WALL T/C 2 FT UNbEK L0uP af GkN 121 F-e 0-900

CHAN1tL 237 INL Tbai WALL T /C 2 F T UN8kK LUud if GEN 129 H-9 0-500

CHAN1FL 239 INL SEC S aui F-T/C 2 F T UN ukK LuGP ST GEN 5 A-4 0-500

rHAN1EL 239 INL SEC SIDE F-T/C 2 FT UN8kk LOLP S T GLN As C-3 0-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND
REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

rHANNEL 243 INL SEC 510 E F-T /C 2 F T UNbkK LuGP iT 6tN 25 t-6 0-500

rpANNEL 241 INL Pk! ST PR 2 FT UNbak LubP $1 GEN 326 8-6 0-500

rHAN1EL 242 INL PRI ST PR 2 FT ON8kn LubP St GtN 425 L-4 0-900

CHANN8L 243 INL PRI ST PR 2 FI UNokK L OCP af GLN 32b L-3 0-500

ruaNNFL 244 INL Tust .ALL T/C 4 F T UNbk K L OLP al Gtd 10 5 6-4 0-503

CHaN1EL 245 int Tudi WALL T/C 4 FT JNb6n Lub7 Si htN 117 0-0 0-503

CHAN9EL 246 INL Tusi WALL T/C 4 F T UNdNK LOLP if GLN 122 F-o 0-500

rHAN15L 24 7 INL TLBE sALL T/C 4 FT HN8kK LULP 57 GEN 130 H-9 0-501

>CHAN1EL 248 INL SLC SIDE F-T/C 4 FT UNomK LbuP if GLN 13 C-2 0-531

CHANNEL 249 liL PRI ST PR 4 F T UNoku L0c7 Si bkN 334 u-b 0-531

CHANNFL 250 til PRI ST PR 4 FT UN8mk L uLP ST GtN 346 c-4 0-569

CH ANNEL 251 INL PRI ST PR 4 FT UNBAK LOOP 5T GcN 335 0-4 0-500

CH AN4FL 252 INL PRI ST PR 6 F T flNokK LOCP ai GEN'333 C-2 C-? 03

rHANNEL 253 INL PRI ST PR 6 FT UN8xk 6uDe il GLN 347 0-2 0-591

CHANNil 254 INL TOBE WALL T/C 10 FT UNb>M LOLP af 6tN 196 o-4 0-500

rHANNEL 255 INL TU3E WALL T/C 10 FT UNokK LOLP ai GEN 13A H-7 0-5 J3
c

CHANNFL 256 INL SLC SIDE F-T/C 10 F T UN 8RK LOLP af GEN 7 A-4 0-503

CHANNEL 257 INL S EC 51D F F-T/C 10 FT UN8kk LOLP 2T GLN 14 C-5 0-503

CHAN1EL 258 INL SEC SIDE F-T/C 10 FT UN8mk LOLP if GkN 27 L-d 0-500

CwsNNEL 259 INL SEC SIDE F-T/C 10 FT UNunn L0c9 3T GEN 37 H-T 3-503

CHANNEL 260 INL Pki 5T PR 10 F T UNB6n LuLP af GtN 343 e-1 0-503

CHAN1EL 261 INL PRI ST PR 10 FT UNBkK L OLP 5T GEN 332 C-2 0-503
CHAN4EL 262 INL P RI ST PR 10 F T UNdRK Ldw# ST GLN 346 0-2 0-50n

CMaN9EL 263 INL PRI ST PE 15 F T UNokK L0ue ai 6LN 342 0-1 0-500

rHaN1FL 264 INL PRI ST PR ,15 F T UNbkn LuLP af GEN 348 C-2 0-50J

CHaN1EL 265 INL PRI if PP 15 F T UNbkk lug 7 5T GEN 344 u-4 0-563

CHAN1EL 266 INL S EC SIDE F-T/C 20 FI UNBkn LDLP si GLN la C-5 0-513

CHAN1El 267 INL T L3 E dALL T/C 27 F T UNbkn L O LP si GkN 133 H-v 3-5J3
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TABLE 6-4 (cont)

" ECHT SEASET NATURAL CIRCULATION AND-

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CH A11E L 268 IML SEC SIDE r-T/C 27 FT UNbmK LOLP a f GkN 10 C-> 0-533

CHANitL 269 INL Pp1 5T PR 27 FT UNbkn LOLP aT wtN F 8-2 0-506

CHAN9E L 270 INL PRI ST #8 27 FT UNonn LOLP >T GtN E C-3 0-503

CHa41E L 2 71 INL PRI ST PB 27 F T UNgan LOOP 2T blN 1 D-A 0-509

fM AN1S L 272 INL PRt 5T PR 27 F T JNdR K L OOP iT GLN H c-1 0-50)

fHANNEL 273 INL TUBE WALL .T /C 35 F T UNomK LGUP af GkN 199 d-J 0-500

CHaN1EL 274 INL T 03 5 MALL T/C 35 F T UN6mn 6 dLP af GEN 134 H-4 0-500

CHAN15L 275 INL T !8 5 WALL T/C 35 FT UND>k LLLP iT GtN 17 C-> 0-$UJ

CHaN1LL 276 INL TUBI HALL T/C 35 FT UNBkn LuuP af GEN 4u H-7 0-500

rHaN1FL 277 00TL PA! ST PR 27 F T UNBRK Loud $T GtN D t-5 0-503

CHAN1FL 278 00TL PRI ST PB 27 FT UNbdn LuuP 5t GEN L G-3 0-500

CHaN1EL 279 OUTL Pd! ST PR 27 FT UNumk LULP >T GIN d H-3 0-503

CHAN1EL 280 1UTL Pil 5T PR 27 F T UNBan 60uP af GLN 4 J-2 0-501

CHAMMEL 281 OUTL TuSE uALL T/C 20 F T 9N 6kk LOLP ST 6th 144 M-6 0-503

CH AW1F L 28 2 OUTL P4! ST PR 15 FT UNunn LdLP iT GLN 341 P-d 0-503

CHANqrL 2P3 JUTL PR I ST PR 15 FT UMukK LOLP 5T GLN 349 H-2 0-531

rH AN1FL 26410T L Tilif WALL T/C 10 FT dNkRK LOLP SI GLN A43 M-o 0-501

CH AMMEL 285 30TL TJ3E MALL T/C 10 FT UNokk LOLP aI GLN 153 Q-4 0-503

CHANNE L 286 0UTL SEC 51DEF-T/C 10 F T UNBnK LULP iT GEN 47 L-2 0-5 01

CHAN9FL 2P7 OUTL PR I ST PR 10 FT UNb8K suLP a f blH JSC F-8 0-5 01

CH AN4 L 28 8 0'IT L Pd: ST PR 13 FT UNBRK Ldue af GEN 35e N-2 0-503

(HA41t~L 2t3 OUTL PR I ST PR 19 F T UNuRK LOLP ST GLN 3>3 G-2 0-501

CH AN1F L 290 OUT L TU3E m ALL T/C 4 FT UNbHK LubP >T GLN 14 2 M-b 0*5J3

c4aN1FL 291 QUTL TUBE WALL T/C 4 FT UNdhn LuLP 2T Gth 152 0-4 0-503

CHaN1EL 292 3dTL SEC SIDEF-T /C 4 cf UNdkn 6 dup al GEN 66 m-a 0-500
\

CHANNEL 293 DJTL Toat dALL T/C 2 F T UNBkK L du# 5T Gth 137 K-1 0-500

rH8N1FL 294 GUTL TuiE WALL T/C 2 FT UNukK Luuv il blN 141 M o 3-5 00

CHAN1EL 295 OUTL TJdE WALL Tsc 2 F T UNb>K LOLP if GLN 14 i 0-b 0-500

CH AN1E L 296 00T L Tui[ WALL T/C 2 FT UNb>K LGLP SI GEN 151 Qs 0-503

CHANNEL 297 OUTL SEC 51DEF-T/C 2 FT UNdkn LOLP >T GLN Sa N-5 S-5 03
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHA41EL 248 OUTL P4I ST PR 2 FT UNBEK LOLP 2T GLN 30A F-s 0-300
CH AMMEL 299 OUTL FR1 ST PR 2 F T UN e a n LULF a f b t N 40 7 b-9 0-503
CH&N4EL 300 00TL PRI ST PR 2 FT UNdnn LLLP S T bth 31 7 J-1 0-500

(HAM 1EL 301 OUTL PR I 51 PR 2 FT Uh8kK LJ0P iT GLN 3b4 J-6 6-50)
CH ANNE L 302 00TL 'Tul E WALL T/C 1 FT UNbRk LOCP ST GLN 136 K -1 0-5 0 )

CHANNEL 303 30TL Tuli WALL T/C 1 FT UNBkk L007 if GkN 146 M-o 0-500

CHAN4EL 304 OUTL TU5E WALL T/C 1 F T UNBun LOOP if BEN 146 0-o 0-501

CHAN1FL 305 quTL TUBE MALL T/C 1 FT UNBkk LOOP if Gth A59 Q-* 0-500

CHANSEL 306 1UTL SEC 51DsF-T/C 1 F T UNumk LOLP af GLN 43 L-2 0-50r)
CHANNEL 307 DUTL PRI ST PR 1 FT UNonK LuLP iT btN 302 F-s 0-500

CHAN4fL 3CB GUTL Pkt 5T PR 1 FT UNeRk LUUP al GtN 319 G * 6-500
CHAN9EL 309 OUTL P41 ST Pk 1 FT UNekK L OGP al GEN 3bt H-4 0-509

CHA49FL 310 JUTL P41 51 PR 1 F T UNexK Ldud 5T GEH 303 J-b 0-503

CHAN98L 311 luTL TudE WALL T/C .5 FT UNB>k LULP al GEN A49 Q-4 3-503

CHAN9tl 312 3UTL SEC 510EF-T/C .5 CT UNban Lube af GEN 42 L-2 0-500

fMAN9tL 313 luTL sic 510 E F - T / C .5 FT UNbkn LuuP 2T GEh 56 k-5 1-599

CHah9t l 314 OJTL TulE BALL Tit 0 F T UNban LDLP ai bth 14b Q-4 0-50)
rHANNfL 315 3HTL SEC 51D: F-T/C C FT UNokk Luce al GkN 41 L-2 0-500
CHANNEL 316 OUTL SEC SID! F-1/C 0 8T UNb>A L0uP si Gtn 49 N-2 0-500

CHANNEL 317 DUTL SEC SIDE F-1/C 0 F T UNBWK L JLP ai GtN 55 R-2 0-500

CHAN9EL 319 OUTL PRA ST PP O FT UNonk L0bP af GEN 33C F-o 0-500
fHAN1FL 319 JUTL Pd t ST PR 3 FT UNBdk L UUP if GLN 310 G-w 6-509
CHANNEL 323 001L PRI ST PR 0 F i UN8kK LJu# Si gen 30$ J-0 0-500

CHaN1fL 321 ACCUM 2 F-T /C 0-500

CHAN1FL 322 INL TudE dALL T/C .25 FT BRK LUJP SI btN 73 A-5 n-500

fHANNFL 323 INL TUdi dALL T/C .25 F T BP A LJJP 51 GtN 69 C-4 0-503
CHANNEL'324 INL TU$E WALL T/C .25 FT BRA LuJP 51 GLh 40 E-4 0-500

CH491EL 325 INL SIC 5102 F-T /C .25 FT BRK LOOP 21 GEh A9F B-o 0-501

CHANNEL 326 INL S EC hlDE F-T/C .25 FT BRK LuuP 5T 6tN 7G D-5 0-5 3)
CHAN9EL 327 INL SLC SIDE F-T/C .25 FT BEk LuJP 51 GEN 1A F-e O-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

fMAN1EL 328 INL TU3 E WALL 1/C 1 FT Ben LOJP 5T GEN 34 A-i 0-500

rHAN9EL 329 INL TUJi WALL 1/C 1 FT BRK E00P al Gth to C-4 3-5 03

CHANNEL 33C int TLBE MALL T/C 1 FT BRK LuJP $1 GEN 45 t-4 0-500

C4411EL 331 I NL SLC SIDE F-T/C 1 FT Bdn LOJP al Gth 29T G-o 0-bo9

rHANNFL 332 INL SEC SIDc F-T/C 1 FT 9Rn LJJP af GtN SE 0-2 0-500

CHANNEL 333 INL SEC S IDE F-T/C 1 FT BRK LuaP 51 GtN 11K F-o 0-500

CHAN1EL 334 til PSI ST PR 1 FT BRK LJJP af GEN 105 C-6 0-511

rHiWNFL 33 5 INL PRI 5T Pa 1 FT Sin LOJP $1 G LN 11 3 8-J 0-5J)

CHANNEL 336 INL PFI $T PR 1 FT BR A LOJP $T GtN 114 A-7 0-500

CHaN1EL 337 til TUi! BALL T/C 2 FT BRn LGJP ST uEN $4 A-5 n-560

(Ha"NFL 33e INL TL99 BALL 1/C 2 FT BRn LJJP 31 ulN 70 C -* 0-503

rusNNFL 339 14l 7035 dALL T/C 2 F T BR n LuJP $1 GLN 49 t-4 0-569

CHANNEL 340 INL SEC S IDE F-T/C 2 F T Be n LOJP al WEN lb B-b 0-501

(HANNEL 341 INL SLC 51DE F-T /C 2 FT BRK LuJP si uEN 24A1 0-2 0-5)3

CHANNEL 342 INL SEC 51DE F-T/C 2 F T BRn LuJP~ S T WEN IQJ f-6 0-50)

CNa4NEL 343 INL PRI af PP 2 FT BRn LDJP iT GLN 101 r-e 0-50i

(HaN4EL 344 I NL PRI ST PP 2 FT BRK LOJP af GEN 106 6-3 0-500

CHANNEL 345 INL PRI ST PR 2 FT BRn LOJP af GEN 100 A-7 0-533

CNSWEL 346 INL TUdE WALL T/C 4 FT BRK LQJP bi GtN 09 A-5 0-503

rHANNEL 347 INL TudE WALL 1/C 4 FT 8en LQJP bi bEh 71 L-4 0-503

rHANNFL 34e INL TUBE WALL T/C 4 FT 9RK LOOP ST GtN 24 t-4 0-5 03

rH441EL 349INL SEC S IDE F-T/C 4 FT 89n LOOr si GEN 6F 8-o 0-500

rHaNNEL 353 INL SEC SIDE F-T/C 4 F T 9R K LJJP ST GLN 2bA2 D-5 0-500

CHAN9EL 351 INL SEC SIDE F-T/C 4 FT BRK LOOP Si GEh 28 F-o 0-500

CHAN1FL 352 INL PSI ST PR 4 FT 9pn LoJP al GEh 192 C-d 0-500 ;

CHAN1FL 353 INL PRI ST PR 4 FT BR A LQJP ST GEN 118 8-3 0-500

r H A N'I E L 354 INL PRI ST PR 4 FT 8Pn LudP si GtN 119 A-7 0-500

rH8W9EL 355 INL TU5E WALL 1/C 6 FT 94K LudP ai Gth 19 A-5 3-500

CHAW 1FL 356 INL TU3E .ALL 1/C 6 FT BRA LQJP 5T utN 6 C-* 0-503

fH4NNEL 3* 7 INL TU1E MALL T/C 6 FT 3Rn LuJP Si GLN 1 c-4 0-500
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

.

rHaNNEL 3 5 5 I NL SEC 510E F-T/C 6 FT BRk LJJP iT GLN 43H e-o 0-50i

CH ANNE L 3!9 ( NL SEC 510E F-T/C 6 FT IRK LuJP 51 GLN 441 0-5 0-500

CHANNEL 3t.C INL SEC SIDE F-T/C 6 FT BRA LOOP al GkN 47L F-o 0-500

fHAN-JEL 361 INL PRI St PR 6 F T 4Rn LdJP JT 6tN ASO C-o 0-501

CHaN1tL 362 INL PRI ST PR 6 FT94K LUJP'al WEN Aoc s a 0-501

rHaN1EL 3631NL PRI ST PR 6 FT 6AK LJ3P al GLN AoA A-7 0-50J

Chaw 1EL 364 1.1L TU3E WALL T/C le FI GRK LdJP il btN 21 A-5 0-500

CHANNEL 36511L TU35 e4LL T /C 10 F T 9Rn LdJP al htN 29 Lv 0-500

rH AN1F L 366 til TU5c w ALL T /C 10 FT BRK L9JP si GLN 23 t-4 0-500

cHa11EL 367 INL S EC S IDE F-T/C 10 F T SRn LdJP af GtN 326 s-o 0-501

CHaN18L 368 INL SFC S IDE F-T/C 10 FTBRK LuJP al GLN 33H 0-3 0-501 |

fHaN1EL 369 INL SIC 510F F-T/C 10 FT BRn LJJP Si GtN 26A F-o 0-500

CH ANNEL 370 INL PRI 5T PF 10 FT 6Rk LG39 ST GEN 1$6 C-4 0-500 I

rHaN1EL 371 INL PRI ST PR 10 FT 8en LOJP ST GLN 166 A-S 0-503
CHANNEL 372 INL PRI ST PR 10 FT 3RA LOOP bl GEN 164 8-9 0-500

CHANNEL 37' INL TU8E WALL T/C 20 FT 8RK LO3P af GEN 67 A-S 0-501
Chaw 9fL 374 INL 7086 vaLL T/C 20 F T 9R K LOJP ST GtN 72 C-4 0-500

rHAN1EL 375 INL TL8F HALL T/C 20 FT BRA LuJP ST GtN 36 c-4 0-50J

CHANNEL 376 INL SEC 510E F-T/C 20 8 T 94k LJJP af GEN 18N e-b n-501

FHANNE L 377 INL SEC SIDE F-T/C 20 FT BRA LGJP si beh 290 0-2 0-503
CHANNFL 378 INL SEC SIDE F-T/C 20 FT GRn LOJP a f btN 14N F-6 0-503 ;

!

THaMMEL 379 INL PRI ST PR IS F T 84K LuJP ST wlN IS4 C-4 0-503 |

CHAN1FL 350 INL PRI ST PR 15 FT $RA LOOP af GEN 146 A-5 0-503

CHANNEL 381 INL PRI ST PR 15 FT BRK LOJP ai GEN 149 o-9 0-503

CHA41EL 382 INL Tusi WALL T/C 27 FT 99K LdJP Si BEN 3d A-D 3-5Ji

(HANNFL 383 INL Tbdi WALL T/C 27 FT 9RK LJJP ai btN 39 C-4 0-503

|CHANNEL 384 INL TU35 HALL T/C 27 FT SR A LudP 51 GLN 27 t-4 0-503

fMAN1CL 3F: INL SEC S IDE F-T /C 27 F T Ren LDJP af GtN 20C 6-6 C-591
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TABLE 6-4 (cont) i

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

rHaN1EL 386 INL sic 5 tDi F-T/C 27 FT BRn LUJP ST GEh 27d D-3 0-500

CHANNEL 387 INL StC S ADE F-T/C 27 FT SRn LUJP al GEh 35J F-o 0-500
.,

CHaN1EL 3e8 INL PRI Si PR 27 FT BRK LJJP if GtN 190 C-4 0-501

CuaNNEL 389 INL PRI ST PR 27 FT SR A LuuP >T GEN K A-2 0-5 0-)

rHANNEL 390 INL PRI ST PP 27 FT ARK LDJP ST 6th J d-4 0-500

rHANNEL 391 INL T L8 E mall T/C 35 FT dRk LOJP iT WEN 70 A-5 0-501

rHAN4FL 392 INL TLBE WALL T/C 35 F T 4RK LudP ST GEN 75 C-4 0-500

rHANNEL 303 INL TUBI WALL T /C 35 FT 8R A LuGP 21 GEN 33 t-4 0-500

rHaww!L 394 INL SEC SIDE F-T/C 35 FT 8Rk LOJP ST btN 3C 8-6 0-500

rH8NNEL 395 INL SkC SIDE F-T/C 35 FT BRk LuuP $1 4tN 3s- 0-3 0-500

CHAN1FL 396 INL SEC SIDE F-T/C 35 FT 8Rn LUJe 21 oLh 40 F-o 0-500

rHANNEL 397 OUTL PR I iT PR 27 F T 8Rn LuJP ST GEN M F-> 0-504

CHAN4rL 398 JUTL PRI ST PR 27- FT 8RK LOOP af GEN L E-9 0-503

rHANNEL 399 QUTL PRI ST PR ,27 F 'i BRk LUDP ai Gkh N 0-11 0-500

CHAN1EL 400 QUTL TudE WALL T /C 2r. FT BRK LOJP ST blN 65 J-4 0-900

(HAN1EL 401 QUTL TU3E WALL 1/C 20 FT BRK LOOP al GEN 06 L-5 0-300

CHaN1EL 402 OUTL sic SIOi F-1/f 2C FT Bdk LuJP ST GLN 16P G-2 0-503

CHAN4FL 403 )UTL SEC 51DE F-1/C 20 FT BR A LdJP ST GEh 170 n-5 0-501

CHA41EL 404 OdTL P91 2T PR 15 FT BR A LuoP ST GLN 148 U-Al 0-500

CH4NNEL 405 00TL PRI if PR 15 F T 8pn LudP Si GLN ISG i-d 0-500

rH ANNEL 406 luTL PRI ST PR 15 FT 8R A LuJP 51 GEN 45 1 F-5 0-500

CHAN1EL 407 30TL TuaE h4LL T/C 10 FT BRK LOJP Si uEN 30 G-A 0-500

CHANNEL 408 3UTL TdeE .ALL T/C 13 FT BRk 6JJP bl gen 20 J-4 0-509

Chaw 4FL 400 3UTL Td6E MALL 1/C 10 FT 99K LdJP at htN 31 L-2 0-5J)

rHAN9EL 410 3dfL SEC SIDE F-1/C 10 FT BRA LOJP hi GLN 341 G-2 0-503

CHANNEL 411 30TL SEC SIDE F-1/C 1C FT BRn LdJe ST btN 31F K-2 0-594

CHANNEL 412 OUTL PRI ST PR 1C F T BR A LdDP if GLN Ab5 E-9 0-500

CHANNEL 413 GUTL PRI ST PR 10 FT BRK LQJP ST BEN 1163 F-5 0-500

CHsNNEL 414 OUTL Pa t ST PR 1G FT BRA LUDP >T GtM 176 D-A 0-5Ji

(HaN9EL 415 OUTL TU3E WALL T/C 6 FT BRA LOOP al GEN 7 J-4 0-501
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TABLE 6-4 (cond

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CNaNNEL 416 30TL TU8E W ALL T/C 6 FT.8RK LJJP Si bkN e L-5 0-500

CHANNEL 417 00TL SEC SIDE F-1/C 6 FT 8ek LUJP ST GEN 390 G-2 0-500

CH&N1FL 418 JUTL StC SIDE F-ItC 6 FT BRn LUJP ST Gth 40s K-2 0-500

CH ANNEL 419 OUT L PRI ST PR 6 FT BR A LudP si BEN 159 F-7 0-500
'

fHaNNEL 420 3U1L PRI ST PR 6 FT BRA LUJP 51 GEN lb4 E-3 0-501

fMANNEL 421 OUTL TusE WALL T/C 4 FT BRK LOJP ST GEN 2 G . 0-500

CHAN1EL 422 OUTL TusE w ALL 1/C 4 FT 8Ah LdJP $1 wth 50 J-4 0-503

CMaNNIL 423 30TL Tuit WALL T/C 4 FT BRK LudP >T BEN S L-2 0-501

CMaMEL 424 OUTL SEC 5IDE F-1/C 4 FT BPn LOOP al GEN 378 G-2 0-5J1

CHANNEL 425 00TL !!C SIDE F-1/C 4 FT Ban Loup al GLN JuC K-5 0-500

CH ANNFL 426 OUTL PRI ST PR 4 FT 8Rn LJJP ST GtN AAL F-7 0-501

CHa*NFL 427 OUTL PR1 ST PR 4 FT %Rn Ld3P > T b tN 194 c-3 0-5-)3

rHANNEL 428 GUTL TJ8E w aL L T/C 2 F T IRK LudP ST btN 61 u-1 0-500

CHAN1FL 429 OUTL 1J3E W&LL T/C *2 FT BRM Lv.)P ST GEN sd J -* 0-511

CHANNEL 430 OJTL Tusi W ALL T/C 2 F T BRn LOJP ST btN 74 L-2 0-500

CHAMNEL 431 GUTL SEC S1DE F-1/C 2 FT BRM LOJP 51 GtN 30A G-2 0-500
CuaNyrl 432 JJTL Se: SIDE F-T/C 2 FT 9Rn LujP 2T BEN 44N n-2 0-501

CHAN1EL 433 30TL Pt! ST PR 2 FT BRK LJJP hi GtN A07 D-1 0-530

CH414EL 434 3JT L TJ8E d ALL T/C 1 FT BRn LGJP 31 GEN be w -A 0-500

CHAN1FL 435 00TL TusE uALL T/C 1 FT RRK LCJP al bth 44 J-4 0-509

CH4NNEL 436 0UTL TU3E WALL T/C 1 FT BRK LdDP >T WEN 43 L-> 0-503

CHAN4EL 437 OUTL SEC 51DE F-T/C 1 FT BRK LJ0P af btN 21b G-2 0-503

CHANNEL 438 OUTL SEC $IDE F-T/C 1 FT BPK LDOP 5T GEN 12L n-5 0-506

CHAN1EL 439 JUTL PRI ST PR 1 FT BRA L0sP af GtM 109 F-7 0-500

CHANNEL 440 00TL PN I ST PR 1 FT BRK LOJP 51 GEN 193 6-3 0-505

CH ANNEL 441 OUTL PRI ST PS 1 FT 8RK LOOP al BEN 1A0 0-1 0-500

CHAN1EL 442 00TL T'J 3 E WALL T/C .25 FT BRK LuJP 5T WEN 63 u-1 0-501

CHaN1EL 443 30TL Tu3E dALL T/C .25 FT 8Rn L0se >T GtN 47 J-4 0-501

CHAN9EL 444 OJTL TUBE MALL T/C .25 FT BRk LUJP bl btN 57 L-2 0-503

fMAN1EL 445 10TL SEC SIDE F-T/C .25 F T BRn LuGP ST GtN 22V G-2 0-503
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

i

CHaN1FL 4461HTL SEC 510E F-1/C .25 FT 88K LOOP al GLN 23h d-5 0-500 |

fMANNEL 447 00TL P4! ST PR 2 FT 9pn LudP ST 6EN 111 0-11 6-500

CHAN1FL 448 OUTL PRI ST PR 0 F T BRn LauP a t GLN 114 -L-3 0-500

f HANNEL 4 41 INL PLNN ST PP SRA LbJP if OfN NANGisk-500

fHAN1EL 450 INL PLN1 dALL 1/C 9Rn LOUP il GLN kANGt 0-500

fMAN4FL 451 JUTL PLNM ST PR 8Rn LuJP ST GEN kANGes0-500

rHaN1EL 452 0HTL FL 11 WALL T/C 8dk LUJP si btN R A Nw t s o-500

re tNH L 4 5 3 0'J T L PL 4 M INS T/C 9PA LdJP 41 btN NAhutsw-500

fHaNNEL 454 JUTL FL ANGE WL T/C BRA LOUP 31 GtN MANGtsu-500

fha 91EL 455 JUTL FLAN INS T /C RRK tuJe al 66N RANGtsu*500

f M AN1t L 4 * 6 INL FLANGE WL T/C |Rk LdjP ST GtN kANGEsu-500

fuaNNLL $$7 [NL FLANG[ [13 [g( $Q n LujP $1 hth RANGss0-500

rHaNNEL 454 FLUID 1/L Ch0250VLA LLO kANGLs0-500

PHANNEL 459 WALL 1/C Caua>0dtR LLb RANunso-500

CHaNNIL 463 INSUL 1/C CmU550%td Lab RANGesO-503

CHAN1EL 461 FLUID T/C LOWtk PLtN6N RANGesu-500

CHaN1fL 462 WALL T/C L 0sta PLcNLM kANGtsu-500

CH AN1EL 463 INSUL 1/C L0ath PLtNbH NANGEs0-500

fHaNNEL 464 HOU514G WALL T/C 4 FT 50 OtG RANGkso-560

fha 41EL 465 40U5!NG h4LL T/C 6 FT 125 OtG RANGeso-5J1

CHANNEL 466 HOUSING WALL 1/C 4.25 FT 135 DtG RANGeto-500

CHANNEL 467 4005143 INSUL 1/C 4 FT 90 Otw k A NGE s o-901

CHANNEL 46e 400 $ 113 INSUL T/C 6 F T IJS Otb kANGE 0-500

CHANNEL 469 HOUSING INSUL T/C 9 05 FT 135 Otb RANGt:0-50J

fHANNEL 470 GRD PL4TL FL T/C RANGES 0-530

CHANNEL 471 GRO PL A T E W A L L T/C RANutsu-500
|

CHaN1[L.472 CORE PLATE FL 1/C RANGEsu-500 ;

CHaN9EL 473 CORE PLATE WL T/C MANGtsw-SM

CHANNEL 474 UP PLN1 WALL T/C 1P2.75W v6 Otb kANGcse-500

CHANNEL 475 UP PL11 IN5UL T/C 162.7ss N. OcG MANGt w-530
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHaN9fL 476 UP PLNM WALL 1/C 142d 135 Oc4 RANGh 0-500

rH4N1tL 477 UP PLN1 INSUL 1/C 192W 135 Osb RANGis0-500

CH&WNEL 478 FLul0 1/C 1 FT b us .1C o.i t d MANuceu-500

rW8N1[L 479 WALI 1/C 8 FT Qus.tCuMed W A NGi s o-500

CHAN1fL 480 INSUL T/C P FT OLhNwwMed R ANw h a w-533

fMANNEL 481 FLUID 1/C 15.P3 FT 00m.1CLMcR NANGtsu-501

| fMANNEL 4b2 BALL T/C 15,83 FT D Cs.t. LM e d RANGis0-500

rHaNNEL 483 INSUL 1/C 15.P3 FT DCadCuMcd kANutsu-511

rHeNNFL 4d4 [NL FL4h WALL T/C Uh82K LOOP bT wtN M A Nu t s u-$ 00

| fHaNNEL 485 t h s. FLAN INS T/C UhBRK LOOP AI GEra NANGt:0-500

CuaN9EL 486 00T L FL A N WL 1/C UNBRK LOOP St GEN MANGt:0-900

CHAN92L 487 00TL FL A N INS T/C UhBRK LOOP hl G tit R A NG L s 0-50 0

CHaN4FL 488 INJECT LINF FL 1/C thERT GAS R ANGE 0-500

CHANNEL 4P9 ACCUP1 F-T/C RANGiso-501

CHANNE L 49C 400$lNi D/P 0-1 FT +- J.3 PSID

CH AN1EL 491 HOUSIN3 0/P 1-2 FT +- u.5 PSID
I CHANNEL 492 HOUS!1G D/P 2-3 FT += ueb PSID

CH ANN E L 49 3 HOUSING D/P 3-4 FT += u.3 PSID

CHANNEL 494 40USIN3 D/P 4-5 FT +- 0.5 P SI D

CHaN9tL 495 40VSIN3 0/P 5-6 FT +- 0.2 PSID

; CMaWNEL 496 HOUS ING D/P 6-7 FT +- 0.5 PSID
|

j

i

| CHANNEL 497 640 U S IN G 0/P 7-P FT += 0.5 PSIO
1

1
CHA91rL 498 ynUSING D/P 8-9 FT +- 0.5 PSID

'

rHaN18L 499 NDUS IN 3 0/P 9-1c FT +- u.S PSID,

|

| CHAM 1EL 500 HOUSIN3 D/P 10-11 FT +- u.5 PSID |

rHa91cl 501 4OUSING D/P 11-12 FT +- 0.b PSID |

| resNiiL 502 40051N3 D/P C-12 FT +- 5.0 P'ID

CHAN1Et 533 HOU S IN 3 0/P 144-15t.75 IN +- 1 0 PSID

rHANNFL 504 400511G 0/P 15t.15-164.75 Ih +- 1.b PSI D

|
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TABLE 6-4 (cond.

FLECHT SEASET NATURAL CIRCULATION AND
1*
lREFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST
i

i

CHANNEL 505 UP PLN1 D/P 164.75-173.75 Ih +- 0.5 PSID

CHANNEL 506 UP FLN1 D/P 170.75-176.75 IN +- o.5 PSID |

CHAN9EL 507 UP PL11 D/P 17t.75-162.75 IN *- 0.b PSIO

; CHANNEL SCO UP PLNM O/P 182.75-192 IN + u.2 PSID

CHANNEL 509 UP PLNM D/P 1 * E . 75-20 9 IN += 59 PSID

CHANNEL $10 DWNCC1ER D/P t-198 11 +=10.0 PSID

CHAH4EL 511 D W N COM E R 0/P 198-10P IN +- 3.0 PSID

CHAN1FL 512 HOT LiG D/P lhL PLN9 LN8dK UP ST GEN +- 2.5

CHANNEL *13 NOT LfG D/P HCT LEG RISE Oh6d4 UP 5T 6tN + - 2. 5

CHAN1EL 514 HOI LEG 0/P IhL PLN9 Skd UP $T GEh +- 2. 5

CHaNMEL 515 HOT Lil D /P HLT LEG RISE 8RK UP ST GEh +- 2. 5

CHAN9FL 516 INL PLNM 21N.-TOP LhddA L0dv 51 GtN +- 5.0

CHANNEL 517 JUTL PLNM 21N.-700 UNdx4 LOOP $1 GtN +- 5.0

CHA11FL 518 INL-0JTL PLN1 bhdad LOJP ST GEN += 1.0

CHaNMEL 519 991 TJ8E B-7 0-2 FT ON8dK LUJP 31 btN + - 1. 0

Chaw 1EL 520 PPI Tu1E 8-7 2-4 FT uneAK LOJP 31 btN +- 1.0

CHAN9EL 521 PRI TuSE C-6 0-2 FT Laddn LudP 51 GEN *- 1.0

CHaN9EL 522 89I To36 C-e 2-4 FT Uh8NK LdJP 51 btN +- 1 0

CHANNEL 523 PPI TU9c E-S 0-2 FT ON8dK LL0r ST Gkh +- 1.0

rHANNEL 524 PRI TU3E E* 2-4 FT ONddn LuJP h1 BEN +- 1.0

CHANNEL 125 SFC $10 E 0-TOP FT uh844 L0dP 21 stN +- 25.0

CHANNEL 526 INL PL N M 2Ih.-TOP eNn Lode 31 C6N *- 5.0

rHANNEL 527 OUTL PLNM 21N .-T L p BMK Lude S T GLN +- 5. 4 -

CHAN9FL 528 INL-0JTL PLNM b RA LOOP 2T bsN + - 1. 0

CHahNEL 529 PRI TU8i A-6 0-2 FT dNK LGJP bl 6tN +- 1. 0
(

CHaN1FL 530 *RI TV3E 8-6 2-4 FT bHK LuwP af GtN +- 1.1

CHANNEL 531 SEC SIDE d-TOP F T enn LuJP >T btN +- 25.0

CHAN1EL 532 COLD LEG UUTL-DhhCOMER LNbMA LUJP S1 GLN +- 1 0

CHAN9EL 533 UP 5 T k.1 DdNCOMEN CCLD LEG I4J * - 1. 0

CHAN1FL 534 COLD LEG OUTL CChbCDPER BAK LLOP 51 GEN +- 1.0

CHANNEL 535 HOUS11G-DWNCUMER C FT LkU55bved LLG + - 1. 0
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

CHAN1EL 536 4CCUM 1 PT RAhGis0-dwo PS!A
fMANNEL 537 4CCUM 2 PT RAhkesu-ZwJ PSta
f M A 'N F . 530 ACCUP 2 D/P +- 10. PSID

fMA11EL 539 UP-DbN;0MER E A T D/P
+- $.0 #5I0

fHANNLL 540 ACCUP 1 121h.-10P D/P *- 19. PS10

CHANNEL 541 SEC 081F D/P UN4xn LULP hi 6th *- S u PtID
fM&H8L 542 SE C 041F. 0/P RRN LudP af GtN *= 29 PSID

CHANNEL 543 PUPP SE AL 01Wh LEG 0/P UNBun LODP +- S.9 PSID
CHANNEL 544 PbMP $EAL D0dH LEG D/P BRM LLDP +- 5.0 PSID

CHANNFL 545 UP PLN1 D/P 192-210 +- 1.L PSID

fkANNdL 546 UP PRES 5URE PT u-130 PSIA

CHANNFL 547 DOWNClith FET PT DWNCOPER 0-150 P514
CHANNEL *49 CULD L5G thJ PT bN9mn LdJP u-sw0 PSIA
CHANNFL 549 %FC PT UNBan Lbur af Ota 0-1Lu PSIA
CWAN1rL 550 SEC PT BRk LCar 31 och c 150 r$fA
fHAN1FL SS1 GAS INJ LIN! PT u-stu PSIA

CHANNFL 552 GA5 INJ UNBRK HET LEG FL Od MeltR O-3999 SCCM

fMANNEL 553 GAS INJ BdM HC1 LEG FL1d MtitR O-10u0 SCCN

fHaNNEL 554 IHL SEC SIDE FLCW F-T/C UNBRn LJbf ST GEN 0-500 05G F

CHANNEL 555 00TL SIC SIDE FL0b F-1/C UNBkn LJUF af bEh 0-500 0FG F

fMANNEL 556 INL 5tC SIDE FLCh F-T/C BRk LudP ST uch 0-200 DEG F

CH&NNEL 557 OUTL SEC h!DE FLOW F-T /C BRK LCde si GEN u-bus DEG F
fMANNEL 553 PEI A. BbhDLE PDWER RANGE 80 4wo KW

CHANNEL 559 AEDUhDANT BUNDLE POWER kAhGfs0=1CO KW

(HAN1EL 560 PRI B. BUbDLE POWIR aANut:su-luu nd
fueNNEL $61 REDUh04h1 BuhCLE PO WF R RAhGest-149 KW

CH&NNEL 562 PRI C. BUhDLF POWER RANGesu-190 KW

CHANNEL 563 REDUNDANT BUPDLE POWER kAhGE 0-109 EW

CHANNEL 564 INJ LINE BIDIREC110NAL .33-2.$ GPM

CHAN1EL 565 INJ LINE TURB MTE COLD LEG 2-20 G#N
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TABLE 6-4 (cont)

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

CDAS INSTRUMENTATION LIST

THAN1FL 566 UNBRK il sin SEC SIDE Otif FLOh n8R PI L-15u P$1A

CHaNNIL 567 BPK ST CtN SLC SIDE 04tF FLum Mik Pi 0-12% Pa!A

CHANNFL 566 SPARE

rHaN1EL 569 40T LEG CON 3 L 10 FIL p R 1T A uhodK LOUP A G-leu GPM

CHANNEL $73 HOT LiG COND L IC FIL P ROTA LhenK LDJr o 0-1.9 G#M

rHANNEL 571 hcl LtG COND LIG FILM NOTA own LUDP 0-1.0 GPM

rHaNNEL 572 00t0 L EG COND LIO FILM ROTa whodK LLJP 4-1.w GPM

C H 8 '!N e l 573 COLD LEG CONC L10 FILM ROTA okn 60JP u-l.O GF1

CH A NH L $74 PUMP LP SE AL BICIREC1IONAL Lhedk LuJr 2.5-22. GPM

rHaNNEL 575 PUPP Lp SEAL BIDIGECTIONAL B>A LLJP 9-9.0 GPM

CHANNEL 576 CR 0553VE d LiG BIDIRECTIONAL Tudddemued 2.3-230 GPM
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.from thn loop s;nsors tre conditioned so th;t the input to the cn: log / digital conysrter is
i

a zero to 1-volt signal. These irput conditioning cards are speclGilzed for different
-types of sensors.

,

|

Three analog / digital converters were urad simultaneously to get a system scan rate of
45 channels per second.

The CCC data logger was used for monitoring loop heatup.and aiding in equipment

troubleshooting. It records key facility, vessel, and fluid temperatures and displays
them directly in engineering units. This makes the job of monitoring loop heatup more
efficient. The CCC data logger also records millivolt data from test section and loop
differential pressure cells; it thus allows the operator to keep a check on the operation
and repeatability of differential pressure cells.

6-21. Multiple-Pen Stripchart Recorders

I

Nine Texas Instruments and two L&N stripchart recorders are used to record bundle
power, selected bundle thermocouples, fluid thermocouples, rotameter and turbine meter

flows, turbo-p obe flows, and accumulator, housing upper plenum, downcomer, pump loop

seal and steam generator level. These recorders give the loop operators and test
directors immediate information concerning test progress and warning in the event of i

system anomalies. The stripcharts give an analog recording of critical data channels as

a backup to the computer. Stripcharts are also needed during the heatup phase of the
facility, when the computer is not available. Table 6-5 lists the channels associated with

the strip chart recorders.

6-22. FACILITY OPERATION

A detailed procedure of how each test was conducted is given in section 7, Test
Description. The procedures discussed in the following paragraphs served as guidelines

which were subject to change or modification, depending on the test facility response
and shakedown test results.
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TABLE 6-5

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION
; TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIST |

Component Measurement Channel No.

PRIMARY INSTRUMENT ATION

Pressurizer Pressure 536'
'

(accumulator no.1) Level 540
Fluid temperature '489
Flow (inlection line bidirectional

'

turbine meter) 564

Rod bundle Inlet temperature (loop piping fluid T/C) 461
Outlet temperature (ground plate fluid T/C) 470
Inlet flow (crossover leg turbo-probe) 576
Level (overall AP) 502
. Heater rod temperature 7J6-0 (zone A) 12
Hester rod temperature 7E6-0 (zone A) 13

~

Heater rod temperature 6D6-0 (zone B) 14
Heater rod temperature 8B6-0 (zone C) 15

.

Rod bundle Primary zone A 558.

Primary zone B 560
Primary zone C 562
Redundant zone A 559
Redundant zone B - 560
Redundant zone C 562

Upper plenum Pressure 546
'

Level (overall aP) 509

Hot legs Unbroken loop inlet temperature (steam probe T/C) 200
Broken loop inlet temperature (steam probe T/C) 125

Unbroken loop
steam generator

j --Primary side Inlet fluid temperature 201
i Outlet fluid temperature 203 (

Overall AP 518
Flow (pump loop seal turbine meter) 574

'--Secondary side Inlet fluid temperature 554
_

Outlet fluid temperature 555
Pressure 549
Level (overall AP) 525
Flow (orifice AP) 541

6-100
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TABLE 6-5 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION

TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIST

Component Measurement Channel No.

Broken loop
steam generator

--Primary side inlet fluid temperature 449
Outlet fluid temperature 451
Overall AP 528
Flow (pump loop seal turbine meter) 575

--Secondary side Inlet fluid temperat.ure 556
Outlet fluid temperature 557
Pressure 550
Level (overall aP) 531
Flow (orifice aP) 542

2

Downcomer Downcomer extension pressure 549
Downcomer extension level 511

4

Downcomer level 510
Fluid temperature 478

SECONDARY INSTRUMENTATION (a)

1 Accumulator no. 2 Pressure 537(cold leg /UHI Level 538injection) Fluid temperature 321
Flow (injection flow) 565

Noncondensible Pressure 551gas injection Fluid temperature 488
system Unbroken loop injection flow 552

Broken loop injection flow 553

Noncondensible gas Water flow
sampling system Water temperature .

'

3 Cas analyzer output (X-Y recorder)

Upper plenum Upper plenum extension level 545
)Core plate fluid T/C 472 |

Core plate wall T/C 473 ;

Unbroken loop Condensed liquid film 569hot leg flow (rotarr,eters) 570

a. To be connected when needed
!

I 6-101
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TABLE 6-5 (cont) |

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION

TESTS STRIPCHART RECORDER INSTRUMENTATION CHANNEL LIST 1

Component Measurement Channel No.

Unbroken loop Condensed liquid film 572
cold leg flow (rotameter)

Broken loop Condensed liquid film 571

hot leg flow (rotameter)

Broken loop Condensed liquid film 573
cold leg flow (rotameter)

|

|

|

|
I6-102
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6-23, Instrument: tion Plcn

The proper choice of instrumentation is essential if meaningful results are to be obtained

from an experimental or testing program. Therefore, considerable effort was expended
to optimize allocation of instrumentation channels based on projected data
requirements. As previously discussed (paragraph 6-17), three types of data acquisition
cquipment are available in the natural circulation test facility:

Computer Data Acquis' tion System (CDAS)--

Consolidated Control Corporation (CCC) data logger
--

Stripchart recorders--

Only channels connected to the CDAS are described herein. A detailed instrumentation
channel listing appears in table 6-4.

Other channels connected to the CCC and
stripchart recorders are utilized for loop performance. Data recorded by means of the
CCC and stripchart recorders are not used directly for data analysis and evaluation.

The overall instrumentation description for the natural circulation test f acility is given
in table 6-5.

The CDAS has a total of 576 channels available for data storage. This represents an

increase of 310 channels over the FLECHT-SET Phase B facility. In that test program,
the steam generators did not have enough instrumentation to determine their behavior

during testing. For the natural cliculation tests, both steam generators were extensively
instrumented with primary side fluid, tube wall, and secondary side fluid thermocouples;
diff erential pressure cells for monitoring levels; and sampling probes for noncondensible
gas measurements.

6-24. Rod Bunule Instrumentation

The rod bundle dnas not play an important role in the natural circulation test as

compared to the reflood experiments. It is considered only as a low-power heat source,

cnd no heat transfer data will be obtained during testing. Although the rod bundle was

|
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extensivsly instrumented for reflood exp: rim:nts, only fsw heatcd red, thimble wall, and
fluid thermocouples were monitored for operational and safety reasons by the COAS,

CCC, and stripchart recorders, as indicated in table 6-5.

Figure 6-20 is a cross-sectional view of the bundle showing the location of instrumented
heater rods, aspirating probes, bare and heated fluid thermocouples, and thimbles
instrumented with wall thermocr.uples. Figure 6-21 shows the instrumentation locations

as a function of elevation, and in relation to the spacer grids and heater rod power steps
Thesimulating the modified cosine a .lat power profile built into the heater element.

CDAS monitored 32 heater cladding thermocouples,10 bare fluid thermocouples, and 7

heated fluid thermocouples. Radial location and elevations are shown in appendix F,

figures F-2 through F-16. The CCC data logger monitored 20 thimble wall

thermocouples, and four heater cladding thermocouples were monitored by a TI
stripchart recorder. The aspirating steam probes were not used in this test, but could
have been used as fluid thermocouples if necessary.

6-25. Thimble Instrumentation

Two thimbles were instrumented with wall thermocouples, as shown in figure 6-22. The

location of the T/Cs at various elevations on the two instrumented thimbles was based
on the following guidelines:

Provide for instrumentation at the same elevation as the steam probes and heater--

cladding thermocouples

Provide for axial instrumentation in a given flow subchannel--

To best satisfy these guidelines,10 instrumented thimble thermocouple elevations were

identified and are listed in table 6-6. Each instrumented thimble contained 10

thermocouples, one at each of the elevations identified in table 6-6. The relationship of
the instrumented thimble thermocouple locations with respect to other bundle

The
instrumentation, axial power profile, and grid positioning is given in figure 6-23. '

data on this figure indicate that thimble thermocouples were at the came elevation as

steam probes; thus the first guideline is satisfied.

6-104
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[ TABL.E 2.
E INSTRUMENTED TWIMBLES

^ TED BARE EMOW N BLE
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Figure 6-20. FLECHT SEASET Natural
Circulation Rod Bundle
Instrumentation

|
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TABLE 6-6

FLECHT-SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION

ELEVATION OF THERMOCOUPLES

ON INSTRUMENTED THIMBLES _

|
<

,.
.

Elevation Thimble

[m (in.)] Total 4-1 7-L
i

0.30 (12) 2 1 1 |

0.61 (24) 2 1 1

I 0.99 (39) 2 1 1

1.22(43) 2 ! I

l.52 (60) 2 1 1

1.83(72) 2 1 1

2.13 (84) 2 1 1

2.44(96) 2 1 1

2.82 (l i 1) 2 1 1'

3.05(120) 2 1 1

_.
|

1 TABLE 6-7

FLECHT SEASET NATURAL CIRCULATION AND

REFLUX CONDENSATION TESTS

AZIMUTHAL ORIENTATION OF INSTRUMENTED THIMBLE THERMOCOUPLES

Thimble Grid Thermocouple

Location Azimuth
e-

0
4-1 315

7-L 135
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Figure 6-20 shows that the two instrum:nted thimblns w:ra locatcd at grid coordinates
4-1 and 7-L. The thimble thermocouples were located at the azimuthal locations
identified in table 6-7. As all 10 thermocouples on a given thimble were located at a
given azimuth, the second guideline identified above is satisfied.

6-26. Steam Probe Instrumentation

Steam probes are used to measure vapor superheat during reflood esperiments.
However, during naturel circulation tests, the rod bundle was covered with liquid and no
vapor superheat was expected. Consequently, the steam probes were used to measure

water temperatures only. If the bundle had uncovemd, some steam superheat could have

been measured. There are three types of steam probe instrumentation in the bundle:

Aspirating steam probes--

Bare thermocouples--

Electrically heated thermocouples--

Steam probe locations in the bundle are shown in figure 6-20. The aspirating steam
probe design (figure 6-23) consisted of a thermocouple inside a 6.4 mm (0.125 in.)
diameter tube, which in turn was centrally located inside the bundle thimble. The
thimble wall had two holes set 180 degrees apart at elevations where steam

temperature was measured. This type of steam probe only works when a highly
droplet-dispersed flow is present. The steam / droplet mixture is forced by the bundle

internal pressure through the thimble wall holes and follows a tortuous path before
entering the center tube where the water droplets are separated. The steam passes
around the thermocouple and is exhausted to atmosphere. The exhausted steam is

collected in a container with ice, where it is condensed and its mass is determined by
weighing the container before and ef ter the steam is collected. During the natural
circulation tests, neither steam nor water was aspirated through the probes. The
thermocouple was in stagnant water inside the thimble.

The bare and electrically heated steam probes had the same design, as shown in figures
6-24 and 6-25, except for the number of thermocouples in each thimble. Their locations

6-113
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in the bundl;, the numb:r cf th:rmocouplIs p::r thimbic, end the sl:;vati ns tre shown in
table 2 of figure 6-20. In this design, the sheathed (304 stainless steel) thermocouples
are centered in scalloped sections of the thimble wall at various elevations.

The thimble scalloped wall section serves as a shield or baf fle to prevent water droplets f

from wetting the thermocouple prematurely. The difference between a bare and a f
heated thermocouple is that in the latter a small electrical current is passed through the

thermocouple to heat it to temperatums above saturation in order to evaporate any
droplets which might wet it. Again, this scheme would have been employed in reflood

experiments, but for the natural circulation tests the thermocouples were not
electrically heated. Both types of steam probes were used to measure water
temperature in the bundle. There were 10 bare thermocouples and 7 heated

thermocouples connected to the data acquisition system (table 6-4).

6-27. Power Measurements

Six instrumentation channels are devoted to measurement of power into thu bundla

heater rods. Three are used as a primary measurement from which power is controlled

by the computer sof tware. Three independent power measurements were used for data

reduction purposes. Power input to the bundle heater rods was measured by dual
watts /rms, volts /rms, and amps /rms transducers. These two transducer systems produce

a de output proportional to the power input. The voltage and current inputs to the watts
transducer are scaled down by transformers so that the range of the watts transducer

matches the bundle power. The scaling factor of the transformers was accounted for
when the raw data (millivolts) are converted to engineering units.

6-28. Housing Instrumentation

The housing is equipped with wall and insulation thermocouples to compute housing heat

reserve as part of the overall mass and energy balance. These thermocouples were

monitored by the computer as listed in table 6-4. Axial and radial locations of these

thermocouples are shown in figure 6-19. The housing instrument ring has a fluid

thermocouple located above the ground plate. It will measure the rod bundle bulk outlet

temperature. This thermocouple was monitored by the CDAS and by a Tl stripchart

!
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record;r loc:t:d in the fccility control panel. The instrumInt ring has also a well
' thermocouple and a pressure tap for differential pressure measurements across the

ground plate and upper core plate. Locations of these instruments are shown in figure
6-19 and tne CDAS channel numbers are listed in table 6-4.

The housing is also equipped with pressure taps every 0.30 m (12 in.) on each side (180

degrees apart) starting at the 0 m (0 in.) elevation, the beginning of _ the rod bundle
heated length. Differential pressure cells are connected to the pressure taps to provide
12 axial readings which are used to compute mass storage and frictional losses in the rod

bundle. in addition, there is an overall differential pressure cell connected between the
0 and 3.66 m (0 and 144 in.) elevations, and another cell connected across the rod bundle

ground plate between the 3.66 m (144 in.) and the 4.02 m (158.4 in.) elevations.

6-29. Lower Plenum Instrumentation
,

! The lower plenum is instrumented with a fluid thermocouple located close to the rod

bundle inlet to measure oundle inlet temperatures. This was a key measurement in the

natural cicculation tests, because it was employed to coatrol the steam generator
*

secondary side flowa to maintain the constant inlet rod bundle temperature. This
thermocouple was connected to the CDAS, and to a Tl stripchart recorder located in theg

test facility control par,el. The lower pier.um is also instrumented with wall and
insulation thermocouples to determine heat losses. All these measurements, fluid, wall, ;

and insulation temperatures, will be used in calculating the system mass and energy
balance. The locations of these instruments are shown in figure 6-19 and their
corresponding CDAS instrument channel numbers are listed in table 6-4.

6-30.. Upper Plenum Instrumentation

The upper plenum is instrumented with six differential pressure cells to measure axial

pressure drops and level at the following elevations: 3.96 to 4.18 m (13 to 13.73 f t)

across the simulator vpper core plate; 4.18, 4.34, 4.49, 4.64, and 4.88 m (13.73, 14.23,
14.73,15.23, and 16.0 f t); and an overall level from 4.18 to 5.31 m (13.73 to 17.42 f t.).

These measurements will be used to calculate mass storage in the upper plenum, and to

monitor the upper plenum level during the reflux condensation cooling mode. A pressure

6-119
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i

transmitt:r monitored the upprr plinum stitic pressure, This transmitttr is connected |

to the pressure tap at the 5.31 m (17.42 f t) elevation. ,

Upper plenum inlet fluid temperature is monitored by a thermocouple located at the
bottom tip of an upper plenum column. Its hot Junction is directly above the upper core

plate. Wall temperatures are monitored at these elevations: the first at 4.18 m (13.73
f t) corresponding to the upper core plate, the second at 4.64 m (15.23 f t) and at an
azimuthal location of 90 degrees, and the third at 4.09 m (16.0 f t) and at an azimuthal

location of 135 degrees. Insulation temperatures are measured at the same elevations,

corresponding to wall temperatures located at 4.64 and 4.88 m (15.23 and 16.0 f t). The

upper plenum outlet fluid temperatures are determined by thermocouples located in the
centerline of the unbroken and broken loop outlet nozzles shown in figure 6-19 as steam

probes (channels 125 and 200).

In addition, the upper plenum vessel has two 7.6 cm (3 in.) diameter windows whose

centerlines are located at the 4.38 m (16.0 f t) elevation and at azimuthal locations of 69
and 213 degrees, as shown in figure 6-7. Penetrations for light sources are at the 4.98 m

(16.33 f t) elevation. These windows allow visual examination, optical pcobe monitoring

(if available), and motion pictures of flow regimes in the upper plenum, mainly during

two-phase and reflux condensation cooling modes.

6-31. Hot Leg Instrumentation

The hot legs are instrumented with fluid, wall, and insulation thermocouples. Their
locations, shown in figure 6-19 are designated as stations (St. No. xx), which indicate

approximately their location along the length of the hot leg piping. Most of these
stations have top and bottom fluid, wall, and insulation thermocouples. However, not all

of these thermocouples are connected to the CDAS because of the limited number of
channels available. Table 6-3 shows the total number of thermocouples used, and table

6-4 lists their corresponding CDAS channels. The top fluid thermocouples are 304
stainless steel sheathad, type K (Chromel-Alumel) with ungrounded junctions, having an

overall diameter of 1.58 mm (0.0625 in.). They are inserted about one-third of the pipe p

diameter through fittings at the top of the hot leg pipes. The bottom fluid

thermocouples are also of the same type, but are only 0.51 mm (0.020 in.) in overall

:

i

6-120

i



a v --nm- -

, y

.

.oro t.C.

*C
t

.38i

L
sse view Ax's

.
432 t ,

,

N
. -w/ .

r,-: :.s

. \.x'/-:e .

-

\ t / 7 \

[\[f'
4

\ h.\ ASIS
: ,1 N 4, wer - sooo ta .

iHAtr couetinc.ptr
, , .j3
, . .,

/ . DRILL THRU

v :-
,,f

-

-t 's. i-
1 ,

N l
k

'
-

, .N:.

h
@~

--
. a v. - . m s m o~ ~m ..s ^]_-

.as nica nos.

1

%_e
g ,.

|

4

i

i

gg *&@E

, ~ , - - , - , , . . . - . , , - . , . -- ..,.--_..-,,--,.-,,.m.m.-.m.-- ,,--.-,-,-,,--.m v,---,r..--,. ---yr,,,,..- s , _-



. . . . . _

_. . _ _

A

!

|

20616-89

}b'.T.* | |m * ===

| ; ;
'

rag, y ,, -.. . ,_,

| elel 002 1 or' o MALE coNii. '500 TutSE 'n'heirT (odiLL THRUI 55-Stoli-8 't.

_ g +.000"g 02 TUDE .500 0.t1 = .055 W m 3.00 LG 304 SST I
r _- 05 Tu tSE .095 0 D. m .024 f.D. = 4.50 LG 347 SST 4
t

04 THERuocouru .020 DsA CHRoMEL - ALUMEL TYPE A I

f OS ADAPTER FR .457 DIA EAR 347 SST g

!

l
,

* .098 i .003 HOLE

$~
@.

am.l _ s

(Ig'-
-

is

21.Of!

4,1 N D - PGH VALVE 4 FITTING CO. PG4, PA .| 4-

,

W| e, l
y ,

i \
ys3 || y (SEAL WELDE

I
|3-~g ;

( 162 i.005 Ds4e-

k.

'I!

W -v ~~ .4 00 1.005 LIA

r

l
L

STATsON N3 "C' dim i OM $ RATION to. ~['Osu. L,001'
I .b3 2* .295
2 .2L4 24 2W, '

5 .268 25 . SOS
T/C JUNCTION To BE 4 .2 so Ez SesLorATED w Tu x-pay h5 m o

(.e .Z 7(. 20 .505
7 .275 69 308
8 .266 de .t Se

"-~[T~ 'M 9 .254 47 .#64
""'

\'1' 7 io 24a 46 .i&2
"-

'\ \-~, ,. 27 .Ef8 4S 86 6

\ 20 250 44 . l(e6
'

' ' ,
'

29 .2 54 43 14 2
~ 30 .234 42 .pa s

SI 255 48 .84 7,
, ,

4, L 32 .2.l i 16 .300
,N 53 .225 a7 .299

S4 .225 lo .217
35 .2.31
26 .300

VIEW A I

SCALE 8:t

Figure 6-26. FLECHT SEASET Natural
Circulation Hot and Cold
Leg Fluid Thermocouple
Support Fixture

6-12 1

. .



_ - - - - _ _ _ - _-
_

3.18 x 0.84 mm(0.125 x 0.025")
WALL SS TUeING ~ 0.48m
(18") LONG. INSERT IN PLAC(,
INSERT T/C, THEN BEND 9.52mm

d, gf (0.375") RADIUS AND WELD158 mm (0.625")

[; : : :: : 12'amm
(0.125. )

33 JL

i1
II 12.7mm- _
II (0.5")

f Ii"
3.18 mm(0.125") SS QC
ROD WITH 600 ANGLE p-------

- - - - - -

roiNTS __

01 *)

e
G
u

J6

19 mm
(0.75")

- _ ~ ~ . ~ _ 3
~

+;
-. - -

9.5mm
.g 4_ (0.375")

g,r

P *-
4.8 mm - (0.188'')
(0.188")

3.8mm (1.5") :

E$
a

Figure 6-27. FLECHT SEASET Natural Circulation Insulation Thermocouple Support 5
Fixture m

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



diamattr. ThIse th;rmocouptgs ware insertid through fitting 2 Et the b:ttom of the pips

and supported with special support fixtures (figure 6-26). They were inserted about 0.51

mm (0.020 inches) above the bottom of the pipe to ensure that the thermocouple

junction was far enough away from the pipe wall to accurately measure the temperature
of the condensed liquid film flowing countercurrently toward the upper plenum during
the reflux condensation cooling mode tests.

It was expected that this condensed liquid film might be slightly subcooled flowing out of

the steam generators, and might be slowly heated by the steam flowing in the opposite
direction. The insulation thermocouples were installed just below the insulation cover

by means of a special support fixture (figure 6-27), which maintained the thermocouple
at a fixed distance from the pipe wall. Insulation temperatures, in conjunction with

pipe wall and fluid temperatures, will be employed to calculate heat losses, and mass
and energy balances. The wall thermocouples were also connected to the CCC data

logger to monitor pipe temperatures during heatup.

The hot legs are also instrumented with differential pressure cells connected from a
pressure tap at th9 bcttom of the pipe to the bottom of the steam generater inlet plenum

(figure 6-19), to determine mass storege or accamulatico in the hot iag riser. This hnt

leg secticn has a long-radius benu and an inclined pipe section connected to tne steam

generator inlet plenum nozzle, as shown in figure 6-2, elevation view. The hot legs are
also instrumented with rotameters to measure the flow of the condensed liquid film

flowire countercurrently from the steam generators to the upper plenum during the
reflux condensation cuoling mude. Figure 6-19 st'ows the locatien and flow schematic

diagram for these rotameters The liquid film is drained through a nozzle at bottom of
the pipes, flows through the rotameters, and is returned to the bottom of the plenum

just above the upper core plate.

A weir is inserted between the flanges downstream of the drain, which prevents the
condensed liquid film from flowing back to the upper plenum. The rotameters have a

3range of from 0.63 x 10 ' to 6.3 x 10 m /sec (0.1 to 1.0 gal / min). The unbroken loop
~

hot leg system has two rotameters connected in parallel in order to measure flows above ,

6.3 x 10~'m /sec (1.0 gal / min). The rotameters have an electronic transmitter whose3

signalis monitored by CDAS channels 569 through 573, as indicated in table 6-4.
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6-32. Steam Generator Instrumentation

Both steam generators' primary and secondary aide walls are extensively instrumented to

characterize their behavior during the natural circulation tests. As described in
paragraph 6-!!, a recirculating secondary side system with additional instrumentation
was added to each steam generator.

The inlet and outlet plenums are instrumented with fluid, wall, and insulation
thermocouples, and differential pressure cells to measure mass accumulations (figure
6-19). The tubesheet is also instrumented with wall and insulation thermocouples (figure
6- 19). At this location in both steam generators, there is a lot of steel mass (plenum
flanges, instrument ring, tubesheet, and shell bottom flanges), where stored heat and

heat losses could be significant in the mass and energy balance calculations.

The steam generator bundle instrumentation locations for the unbroken loop steam
generator are shown in figures 6-28 and 6-29. The bundle instrumentation locations for

| the broken loop steam generator are shown in figures 6-30 and 6-31. The tube buncle
i instrumentation is specifically des;gned to measure a radial variation in heat transfer

rate due to expected nonuniform two-phase flow in the inlet plenum. The distribution of

secondary fluid and tube wall thermocouples is skewed toward the bottom of the bundle
! in the unbroken loop steam generator, because most of the heat transfer occurs at the

lower elevations.

Data from the steam generator separate effects test showed that, for tests with
'

qualities of 50 percent and test time near or greater than 10 minutes, elevationc above
j l.22 m (4 f t) were important in calculating steam generator heat transfer. For this
i reason, more instrumentation was placed in the 1.22 to 3.05 m (4 to 10 f t) elevations in

the broken loop steam generator.

i
The broken loop steam generator was specially instrumented with thermocouples having

ungrounded and grounded junctions. The thermocouples with ungrounded junctions are

used to monitor fluid tempera'tures in the primary and the secondary sides. The thermo-

i |
(
:

i 1. Howard, R. C., et al., ''PWR FLECHT SEASET Steam Generator Separate'
Effects Task: Task Plan Report," NRC/EPRl/ Westinghouse-2, March 1978.

:

i

i
i
)
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couples with ground:d junctions em inst:ll;d en the steam g:nerator secondary side
tube walls. All these thermocouples can be connected differentially to measure

temperature differences between the secondary side flow and the tube wall, from the
tube wall to the primary side fluid, and/or from the secondary side fluid to the primary
side fluid. Table 6-8 identifies 64 broken loop steam generator thermocouple channels

that can be connected differentially to pluvide 32 differential temperature
measurements at various elevations and radial positions for both inlet (uphill) and outlet

(downhill) sides. The unbroken loop steam generator was instrumented with grounded

thermocouples to provide fast response for the FLECHT SEASET steam generator

separate effects test. Consequently, these thermocouples cannot be connected

differentially. However, additional steam probes installed in the primary side of this
steam generator make it possible to measure temperature differences between the

Jsecondary and primary fluid at the 8.23 m (27 f t) elevation.

The tubes on the inlet side of the tube bundle were instrumented with diff erential
pressure probes to monitor differential pressure from the zero to 1.2 m (4.0 f t)
elevations. The purpose of the differential pressure probes was to detect any mass

accumulation in the inlet side of the tuoe bund'e. A summary of the bundle

instrumentation is presented in table 6-3 f ar the unbroken and broken loop steam

generators. The instrumentation connected to the CDAS is listed in table 6-4.

i

Shell wall and insulation thermocouples will be monitored by tha CCC data logger.

The recirculating cooliry) systam of both steam generators is instrumented with so inlet

orifice plate flowmeter and associated diffemntial pressure cell, a pressure transmitter,
and a thermocouple. Measurements from these instruments are used to calculate '

secondary side flows. Additional thermocouples are located in the outlet lines at the top

of the steam generators to monitor outlet temperatures and determine the temperature
rise of the secondary side cooling fluid. A differential pressure cell is utilized to
determine and, in some tests, control the secondary side liquid level. A pressure
transmitter is employed to determine the static pressure at the top of the steam
generators shell side.

1
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TABLE 6-8

FLECHT SEASET NATURAL CIRCULATION AND REFLUX

CONDENSATION TESTS STEAM GENERATOR AT MEASUREMENTS

Inlet Side Outlet Side

Secondary Tube Wall Secondary Secondary Secondary
Fluid channel- Channel- Fluid Channel - Fluid Channel - Tube Wall Fluid Channel-Tube Wall Primary Fluid Primary Fluid Tube Wall Channel-Primary Primary FluidElevation Channel Channel channel Channel Fluid Channel Channel[m (f t)) (T/C-T/C) (T/C-T/C) (T/C-T/C) (T/C T/C) (1/C-T/C)- (T/C-1/C)

(TROKE N I OOP

0.0 R(0.2 5) 325 - 322 -- -- -- -- 446 - 444 -- --

(195 - 73) (2 3W - 57)
-- --

0.30(l) 331 - 329 328 - 336 312 - 334 ein -435 436 - 439 -- --

(20T - 46) (54 - 112) (5C - 105) (126 - 44) (4) - 109)

0.6t(2) 340 - 338 337 - 345 341 - 343 432 - 429 -- - 432 - 447
(15.0 - 70) (53 - 108) (24Al - 101) (13M - 52) (36A - t il)

~
1.22(4) 349 - 347 346 - 354 350 - 352 425 422 423 - 426U (6F - 71) (59 - 119) (25A2 - 102) (38C - 50) (5 - 225)

- -

1.83(6) 358 - 356 355 - 363 359 - 368 488 - 415 416 - 419 - --

(4 3H - 6) (10 - 161) (441- 158) (40E - 7) (8 - 159)

3.05(10) 367 - 364 365 - 372 369 -370 411 - 409 408 -412 -- --

(32G - 25) (29 - 164) (26A - 156) (3tF - 31) (2.6 - 165)

| 6.10(20) 376 - 373 - -- -- -- 403-401 - -. -
! (18R - 67) (170 - 66)

8.23(27) 3R5 382 383 - 390 -- -- -- --

(2RC - 38) (39 - J)
- - - -

. 10.67(35) 394 - 391 -- -- -- -- -- -- -- -- - -

(3C - 76)
j

! tJNOROKEN LOOP

R.23(27) -- -- -- -- 26R - 269
(16 - F)

Broken lonp steam generator - 12 al rwasurements
1Jntiroken loop steam generntnr - 1 AT measuremerit

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

-

- - --- - -- - - - -

- - -
- - '- -
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6-33. Pump Loop Sealinstrumentation

The unbroken and broken loops pump loop seal pipe sections are instrumented with fluid

and wall thermocouples at five different locations (stations 11 through 15 and 36 through
|40, figure 6-19):

Stations 11 and 36- The top of the downhill leg, close to the steam generator--

outlet plenum nozzles

Stations 12 and 37- Midway down the downhill leg--

Stations 13 and 38- Upstream of the turbine meters in the horizontal leg--

Stations 14 and 39- At the 90-degree elbows between the horizontal and the uphill--

legs

Stations 15 and 40- Downstream of the orifice flanges about two-thirds of the--

way up the uphill legs

Insulation thermocouples are provided at stations 12, 13, 15, 37, 38, and 40 for
calculation of heat losses. A differential pressure cell monitors levels in the downhill

side, and this level measurement is used to estimate the mass storage in the pump loop

seal piping. Bidirectional turbine meters measure flows through each loop in both
directions. Table 6-4 lists all instruments monitored by the CDAS.

6-34. Cold Leg Instrumentation

The cold legs are instrumented with fluid, wall, and insulation thermocouples similar to

those on the hot legs (paragraph 6-31). Cold leg instrumentation locations are shown in

figure 6-19, table 6-3 summarizes the number of instruments utilized, and table 6-4 lists

the instrument channels monitored by the CDAS. The bottom and top fluid

thermocouples are installed in the same manner as in the hot legs. The condensed liquid

film flowing from the steam generator outlets to the downcomer extension is also
|rerouted and measured by a rotameter system installed in similar positions as in the hot

6-136
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O12gs. The rotameters have a flow range of 0.63 x 10 to 6.3 x 10 m /sec (0.1 to 1.0
gst/ min). The condensed liquid film is returned to approximately the midplane elevation

: of the downcomer.

Additional instrumentation is provided at the unbroken loop cold leg injection section, as
sh:wn in figure 6-19. It consists of a differential pressure cell and a pressure transduc. -

to determine pressure- and flow-induced pressure oscillations, fluid thermocouples
upstream and downstream of the injection point (stations 19 and 20), and a fluid
thermocouple and a pressure transducer in the injection line close to the injection point
to monitor cold leg injection cold water temperature and injection pressure.

6-35. Downcomer Instrumentation

The instrumentation in this component consists of fluid thermocouples located at the
bottom of the downcomer and at the 5.03 m (16.5 f t) elevation, wall and insulation
th:srmocouples at the 2.44 and 5.03 m (8 and 16.5 ft) elevations, two differential
pressure cells to measure levels from the zero to 5.03 m (16.5 f t) elevations and from

the 5.03 m (16.5 f t) elevation to the top of the downcomer extension, and a pressure
transducer which monitors the static pressure at the top of the downcomer extension.
This instrumentation is shown in figure 6-19 and CDAS channels are listed in table 6-4.

6-36. Crossover Leg Instrumentat 1

|

The crossover leg is instrumented with a bidirectional turboprobe with a range from 1.45 |
x 10' to 1.45 x 10-2 m /sec (2.3 to 230 gal / min) to monitor flows in and out of the test

section. This flow measurement can be compared to the sum of the flows in the

unbroken and broken legs measured by the turbine meters in the pump loop seals. Fluid,

wall, and insulation thermocouples are provided and located upstream of the turboprobe,
as shown in figure 6-19.

|
|

6-37. Accumulator Instrumentation

Accumulators no. I and 2 are instrumented with a bottom fluid thermocouple, a
differential pressure transducer to measure levels, and a pressure transmitter for,

6-137
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determining static gas overpressure. Either accumulator can be routed through the

proper valving to the bottom of downcomer injection line or to the cold leg and upper
head injection (UHl) lines. The injection lines are equipped with a bidirectional turbine

-4 3meter with a range of 2.0 x 10 ' to 1.57 x 10 m /sec (0.33 to 2.5 gal / min), and a-

-4 -3 3
unidirectional turbine meter with a range of 026 x 10 to 1.26 x 10 m /sec (2 to 20

gal / min). All these instruments are shown in figure 6-19 and the corresponding CDAS

channels are listed in table 6-4.

6-38. Noncondensible Gas injection System Instrumentation

The noncondensible gas injection system is instrumented with a fluid thermocouple to

measure the gas temperature, a pressure transducer to monitor gas injection line
pressure, and two gas flowmeters. The flowmeters have a range of 0 to 5000 SCCM
(standard cubic centimeters per minute) for the unbroken loop and 0 to 1000 SCCM for

the broken loop injection lines (figure 6-19). Instrumentation connected to the CDAS is

listed in table 6-4.

6-39. Balance of Loop Instrumentation

In addition, the loop is instrumented with various differential pressure cells to measure
,

!

pressure drops across the following components:

Downcomer to inlet plenum, measuring the pressure drop across the crossover leg--

i

|

Upper plenum to the unbroken loop steam generator inlet plenum bottom,--

monitoring pressure losses across the unbroken loop hot leg

Upper plenum to the broken loop steam generator inlet plenum bottom, monitoring--

pressure lossee across the broken loop hot leg

Upper plenum to downcomer extension, measuring entire loop pressure losses,--

including hot legs, steam generators, pump loop seals, and cold legs

6-138
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Unbroken loop steam generator outlet plenum to the top of the downcomer--

extension, monitoring pressure losses across the unbroken loop pump loop seal and

cold leg

Broken loop steam generator outlet plenum to the top of the downcomer extension,--

measuring the pressure drop across the broken loop pump loop seal and cold leg

All these instruments are shown in figure 6-19 and are listed in the CDAS channel
instrumentation table 6-4.

6-40. Noncondensible Gas Sampling System Instrumentation

During natural circulation tests with noncondensibles, steam-water-helium mixtures are

sampled and analyzed with a system shown schematically in figure 6-32. The aspirating
steam probes installed inside both steam generators primary side tubes are used as

sampling probes at various radial and axial locations. Figures 6-33 and 6-34 show the

radial locations and elevations of the sampling probes for the unbroken loop and broken
loop steam generators, respectively.

The sampling probes are externally connected to a manifold, as shown in figure 6-32.

Samples are taken through each individual sampling probe. The sample, a mixture of
water, steam, and noncondensible helium gas, is passed through a condenser where the

steam is condensed and the water-helium mixture is cooled to room temperature. A
pressure regulator downstream of the condenser reduces the system pressure to
atmospheric pressure. The water arid helium mixture is passed through a stripping
column where these two components are separated. The helium is carried out (stripped)

by a low flow of argon gas injected at the bottom of the stripping column. The water

from the stripping column is passed through a flowmeter and dumpec to drain. The I

argon-helium mixture is passed through a drying column, where moisture is adsorbed by

a drying agent. The dried gas mixture is then passed through the GOW-MAC gas
analyzer conductivity cell. A parallel stream of the carrier gas (argon) is also passed
through the GOW-MAC gas analyzer reference conductivity cell. The difference in
conductivity between the sample and reference streams is proportional to the helium

concentration. This helium concentration and the water measured by the flowmeter is
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~ rel:ted to the helium g:s concentrition ct the simpling location by mens of calibr; tion

curves of a typical sampling probe (aspirating steam probe). The GOW-MAC analyzer
cutput is recorded in a X-Y recorder. - The flowmeter signal is monitored by the CCC
data logger.

|

6-41. DATA VALIDATION CRITERIA AND PROCEDURES

l

| Data validation begins with instrumentation performance reliability checks. All the

data collection Instrumentation is periodically calibrated to assure the accuracy of the
! dat a.

|

| The data validation process is further reinforced when all instrumentation is checked for
| proper operation prior to the actual running of a test. Before each test, a reading from
i

cvery channel is recorded and compared to the expected value for that channel. An
abnormal reading will indicate a problem in that channel, and corrective actions can be

taken before the actual test is run. If the discrepancy cannot readily be resolved, an
Essessment of the ability to make a valid test run without the defective channel is

made. Then, either the test is run noting the defectiva channel, or testing ceases until
the situation is corrected. This channel verification procedure increases the probability
that allinstr' mentation will work properly once a test is under way.

If some instrumentation fails just prior to or during a test but the remaining
instrumentation is sufficient to calculate overall mass balances, some heat transfer

coefficients, fluid temperatures, and all orifice meter flowrates, then the run may still
I be considered valid. If the instrumentation is not sufficient for these calculations, the

run is considered invalid and will be repeated. If excessive instrumentation failure

occurs during the testing, and it becomes apparent that the original program objectives

cannot be met, serious consideration is given to discontinuing testing for repair or
replacement of the af fected channels. In any event, an attempt is made to repair any
failure before another test is performed.

The main criterion for run validation in the natural circulation tests was the capability

to perform a mass and energy balance within 10 percent around each major component in

the system (rod bundle, upper plenum, steam generator, and so forth). For

i

!
|

|
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this purpose, tha minimum instrumtntation to b3 op;rsting during each t:st is listed in

table 6-9.

This list of minimum instrumentation is based on a judgment of the minimum data

required to fulfill the task objectives. Actual test data may indicate that a lesser subset
of the instrumentation is needed to fulfill the task objectives.

For each test conducted, a Run Specification and Validation Sheet was completed

(appendix G). This table specifies initial test conditions and validation requirements for

each FLECHT SEASET natural circulation and reflux condensation test. This table also ]
I

provides space for comments on run conditions, causes for terminating and invalidating a
I

run, instrumentation f ailures, and preliminary selected thermocouple data, i

,

i lAf ter the instrumentation had checked out satisf actorily and the test was run, the data
l

for each channel were scrutinized to see if the system behaved as expected. Abnormal

behavior of a data channel was investigated to determine if it was due to equipment

malfunction or a physical pl:enomenon. These procedures, along with periodic equipment

calibrations, were designed to assure that the data being recorded were accurate and
i reliable.

Another aspect of data validation was considered once the instrumentation reliability ,

had been determined. The actual test conditions were compared with the parameters

specified by the test matrix to determine if the test run satisfied the test matrix. The
facility conditions before initiation of a test were compared to the expected values for

such parameters as bundle power, system pressure, fluid temperatures, flows, and levels

if applicable. The instrumentation transient responses were compared with their
expected system behavior to determine if there were any data channel problems, system.

control-problems, or deficiencies in the facility hardware. Conversion of the data to:

engineering units on the SEL computer allowed preliminary test validation to be done
;

upon completion of running the test and before data analysis. This preliminary
validation provided for timely feedback on facility operation and data collecting
equipment performance.

6-146'
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TABLE 6-9

FLECHT SEASET NATURAL CIRCULATION AN'D REFLUX

CONDENSATION TESTS MINIMUM INSTRUMENTATION,

REQUIREMENTS FOR A VALID TEST
|

Channel Description

TEST SECTION, UPPER PLENUM, AND LOWER PLENUM

: 461 Fluid T/C, lower plenum
38 Bare T/C,71[2.13 m (7 ft) heated length],

I 472 Core plate fluid T/C
! 463 Insulation T/C, lower plenum

468 Housing insulation T/C,1.83 m (6 ft),1350
462 Wall T/C, lower plenum
465 Housing wall T/C,1.83 m (6 ft) ,

I502 Housing D/P,0 - 3.66 m (0 - 12 ft)
503 Housing D/P, 3.66 - 4.03 m (144.0 - 158.75 in.)
504 Housing D/P, 4.03 - 4.18 m (158.75 - 164.75 in.)
509 Upper plenum D/P, 4.03-5.31 m (158.75 - 209.0 in.)
545 Upper plenum D/P, ~4.88 - 5.33 m (192.0 - 210 in.)
546 Upper plenum pressure transmitter

i 539 Upper plenum - downcomer extension D/P!
558 Primary A bundle power
560 Primary B bundle power
562 Primary C bundle power

UNBROKEN LOOP HOT LEG

54 Bottom fluid T/C, station 01, unbroken loop hot leg
81 Bottom fluid T/C, station 10, unbroken loop hot leg69

Top insulation T/C, station 06, unbroken loop hot leg68 Top wall T/C, station 06, unbroken loop hot leg
512 Hot leg D/P, inlet plenum, unbroken loop steam generator513 Hot leg D/P hot leg rise, unbroken loop steam generator569 Hot leg condensing film rotameter, unbroken loop A

BROKEN LOOP HOT LEG |
'

i126 Top fluid T/C, station 28, broken loop hot leg
154 Bottcm fluid T/C, station 35, broken loop hot leg |
142 Top insulation T/C, station 32, broken loop hot leg
141 Top wall T/C, station 32, broken loop hot leg
514 Hot leg D/P, inlet plenum, broken loop steam generator
515 Hot leg D/P, hot leg rise, broken loop steam generator
571

Hot leg condensing film liquid film rotameter, broken loop hot leg
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TABLE 6-9 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX j

CONDENSATION TESTS MINIMUM INSTRUMENTATION. |
~

l

REQUIREMENTS FOR A VALID TEST

Channel Description

UNBROKEN LOOP STEAM GENERATOR

201 Inlet plenum steam probe, unbroken loop steam generator
203 Outlet plenum steam probe, unbroken loop steam generator
485 Inlet flange insulation T/C, unbroken loop steam generator
202 Inlet wall T/C, unbroken loop steam generator
204 Outlet wall T/C, unbroken loop st.eam generator
554 Inlet secondary side flow T/C, unbroken loop steam generator
555 Outlet secondary side flow T/C, unbroken loop steam generator
525 Secondary side D/P, O m (0 ft) - top, unbroken loop steam generator
516 Inlet plenum, D/P, 5 cm (2 in.) - top, unbroken loop steam generator
517 Outlet plenum D/P,5 cm (2 in.)- top, unbroken loop steam generator
549 Secondary pressure transmitter, unbroken loop steam generator
541 Secondary orifice D/P, unbroken loop steam generator
566 Secondary orifice pressure transmitter, unbroken loop steam generator
518 Inlet-outlet plenum D/P, unbroken loop steam generator

BROKEN LOOP. STEAM GENERATOR

449 Inlet plenum steam probe, broken loop steam generator
451 Outlet plenum steam probe, broken loop steam generator
457 Inlet flange insulation T/C, broken loop steam generator
450 Inlet plenum wall T/C, broken loop steam generator
452 Outlet plenum wall T/C, broken loop steam generator
556 Inlet secondary side flow T/C, broken loop steam generator
557 Outlet secondary side flow T/C, broken loop stsam generator
537 Accumulator no. 2, pressure transmitter, broken loop steam generator
526 Inlet plenum D/P,5 cm (2 in.) - top, broken loop steam generator
527 Outlet plenum D/P,5 cm (2 in.)- top, broken loop steam generator
550 Secondary pressure transmitter, broken loop steam generator
542 Secondary orifice D/P, broken loop steam generator
567 Secondary orifice D/P, broken loop steam generator
528 Inlet-outlet plenum D/P, broken loop steam generator

a

.

.
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TABLE 6-9 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX

CONDENSATION TESTS MINIMUM INSTRUMENT TION
REQUIREMENTS FOR A VAllD TEST

Channel c

Description

UNBROKEN LOOP PUMP LOOP SEAL

85 Fluid T/C, station 12, unbroken loop p' ump loop seal' 93 Fluid T/C, station 15, unbroken loop pump loop seal
i 90 Insulation T/C, station 13, unbroken loop pump loop seal

89 Wall T/C, station 13, unbroken loop pump loop seal.
574 Pump loop seat bidirectional, unbroken loop pump loop seal,

543 Pump seal down leg D/P, unbroken loop pump loop seal

l. BROKEN LOOP PUMP LOOP SEAL
!

158- Fluid T/C, station 37, broken loop pump loop seal
166 Fluid T/C, station 40, broken loop pump loop seal
163 Insulation T/C, station 38, broken loop pump loop seal
162 Wall T/C, station 38, broken loop pump loop seal

'575 Pump loop seal bidirectional, broken loop pump loop seal
544 Pump seal down leg D/P, broken loop pump loop seal

UNBROKEN LOOP COLD LEG

122_ Bottom fluid T/C, ctation 27, unbroken loop cold leg
112 Top wall T/C, statior 22
111 Top fluid T/C, station 22
572 Cold leg condensing film rotameter, unbroken loop cold leg
532 Cold leg outlet-downcomer D/P, unbroken loop cold leg

BROKEN LOOP COLD LEG

195 Bottom fluid T/C, station 48, broken loop cold leg
178 Top insulation T/C, station 43, broken loop cold leg
177 Top wall T/C, station 43, broken loop cold leg
513 Cold leg condensing film rotameter, broken loop cold leg
534 Cold leg outlet-downcomer D/P, broken loop cold leg

DOWNCOMER

481 Fluid T/C,4.82 m (15.83 f t), downcomer
478 Fluid T/C,0.30 m (1 ft), downcomer

; 480_ Insulation T/C,2.44 m (8 f t), downcomer
479 Wall T/C,2.44 m (8 ft), downcomer-

| !
'

!

'
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TABLE 6-9 (cont)

FLECHT SEASET NATURAL CIRCULATION AND REFLUX

CONDENSATION TESTS MINIMUM INSTRUMENTATION

REQUIREMENTS FOR A VALID TEST

Channel Description

510 Downcomer D/P, 0-5.03 m (0-198 in.), downcomer
511 Downcomer D/P,5.03 m (198 in.) top, downcomer
547 Downcomer extension pressure transmitter, downcomer

DOWNCOMER BEND AND CROSSOVER

460 Insulation T/C, crossover leg
459 Wall T/C, crossover leg
576 Crossover leg bidirectional turbo-probe

ACCUMULATOR NO.1

489 Accumulator no. I fluid T/C
536 Accumulator no. I pressure transmitter
540 Accumulator nr. I D/P,0.30 Hi(12 in.), top

ACCUMULATOR NO. 2

321 Accumulator no. fluid T/C
537 Accumulator no. pressure transmitter
538 Accumulator no. D/P

COLD LEG AND UHIINJECTION SYSTEM

198 Cold leg injection line fluid T/C unbroken loop cold leg
565 Injection line turbine meter cold leg
548 Cold leg injection pressure transmitter

NONCONDENSF3LE GAS INJECTION LINE

552 Gas injection line unbroken loop hot leg flowmeter
551 Gas injection pressure transmitter
488 Injectics line fluid thermocouple, inert gas I
553 Gas injection line broken loop hot leg flowmeter

f
BACKFLOW INJECTION LINE

564 Injection line bidirectional
199 Accumulator no. I fluid T/C

6-150
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Af ter the instrumentation has been functionally checked and the test parameters and
performance have been compared with the test matrix, the final data validation is <

ptrformed during data reduction and analysis. In the process of data reduction and.

j onelysis, system mass and energy balance will be computed. These calculations
dstermine if the data are within specified accuracy and whether the instrumentation is

; adequate for analyzing what has happened in the system.
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SECTION 7

:

TEST MATRIX 1

7-!. INTRODUCTION

Pcragraphs 7-2 through 7-25 of this section describe shakedown tests required to ensure

that the FLECHT SEASET facility was operating properly and performed tests specified

in the test matrix. The test matrix, which is explained in paragraphs 7-26 through
7-46, was designed to meet the task objectives and fulfill the data requirements
discussed in sections 2 and 3. A final as-run test matrix will be presented in the data
enalysis and evaluating report.

7-2. SHAKEDOWN TEST MATRIX

Prior to conducting the natural circulation and reflux condensation tests outlined in

p:ragraphs 7-26 through 7-46, a series of shakedown tests were run on the test
fccility. These _ shakedown tests were conducted not only on separate facility
components, but also on the completely assembled test facility.

The purpose of shakedown tests is to ensure that the instrumentation, control, and data

ecquisition systems were working properly so that useful and valid data could be
obtained during the natural circulation experiments. Some of the shakedown tests were

also intended to verify and adjust control procedures. A brief summary of each
rhakedown test follows. A more detailed discussion is presented in appendix F.

The following paragraphs outline the shakedown tests conducted on various facility
components prior to performing the test matrix.

7-3. Thermocouple Wiring Connection Checks

The purpose of this test is to check the continuity of each thermocouple wiring
connection from the patch board to the computer.

7-1
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7-4. Heater Rod Power Connection Check

This test is intended to check the continuity of each heater rod power connection at the

fuel panel.

7-5. Instrumented Heater Rod Radial Location and Corresponding Thermocouple

Checks

This test, performed only on rods whose thermocouples were connected to the
computer, is intended to check the following items:

For each instrumented heater rod, all corresponding thermocouples are checked 1--

for appropriate computer channel hookup and proper recording of data.
.

; In completing the above check, radial power connections between the fuse panel--

and the appropriate heater rod are confirmed.

,

The output polarity of each thermocouple at the computer is also checked.--

7-6. Heater Rod, Thimble, and Steam Probe Thermocouple Axial Location Checks

This test, performed using only instrumented heater rods, is intended to check the

following items:

For each bundle thermocouple elevation, all corresponding heater rod, thimble,--

,

and steam probe thermocouples are checked for appropriate computer channel

axial hookup and proper recording of data.

In completing the above check, each heater rod, Lt imble, and steam probe--

| thermocouple elevation is confirmed.

,

,

7-2
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7-7. Stum G:nsrator Thermocouple Axial Location Checks
<

In this test, the steam generator secondary side is filled to a known level and the

response of the secondary fluid and tube wall thermocouples is recorded. The
thermocouples' response as the water level increases indicates the installed axial

position of the thermocouple. This test was conducted on both steam generators.

7-8. Rod Bundle Housing Differential Pressure Cell Axial Location Checks;

Steam Generator Plenum, Downcomer, Upper Plenum, and Accumulator

Volume and Level Transmitter Checks; and Component Volume Checks

This test is intended to check the following items:

Rod bundle housing and' loop differential pressure cells are checked for--

appropriate computer channel hookup and proper operation.

Rod bundle housing control volumes are established in 0.30 m (12 in.) increments.--

The upper and lower plenum volumes and the downcomer volume are checked.--

Accumulator and steam generator plenum volumes are determined.--

7-9. Pressure Transmitter and Dif ferential Pressure Cell Zero Shif ts

During this test, all differential pressure cell zero readings and zero shif ts are checked.

7-10. Loop Primary Side Filling Procedure and System Volume

Checks

This shakedown test verifies that a noncondensible gas can be purged from the test
loop with steam. This method was used to get the loop water solid for the single-phase
natural circulation tests.

7-3



7-11. Liquid Flowmeter Calibration Checks

This test is intended to check the following items:

An in-place check of the flowmeter calibrations for agreement with the full flow--

range calibrations performed prior to the shakedown tests
I
|

The flowmeters for appropriate computer channel hookup j--

7-12. Hot Leg and Cold Leg Liquid Film Flowrate Meter Check

The purpose of this test is to check the special hot and cold leg piping used in the )

reflux condensation tests, which contains a flowmeter to measure any condensed steam

flowing back to the rod bundle upper plenum.

7-13. Test Loop Hydraulic Loss Coefficient Measurements

This test is run by isolating parts of the test loop and supplying a known mass flow of
steam to the isolated part of the loop. Installed test loop instrumentation is monitored

for flow and pressure drop. From these data, the loop hydraulic loss coefficients are

calculated.

7-14. Loop Heatup and Heat Loss Check

In this test, the loop heatup procedure is verified and the heat loss through the pipe and

component walls to the environment is measured.

7-15. Isothermal Calibration of Steam Generator Bundle Thermocouples

The purpose of this test is to define the calibration characteristics of the steam
generator bundle thermocouples after they are installed in the tube bundle. Two types ,

of tests were run to determine the thermocouple response characteristics. The first

type of test was an isothermal (zero heat flux) test. The second type consisted of

,

t

|
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differential thermocouple corrections (see paragraph 6-32). In these tests, the
difference between local secondary fluid, tube wall, and steam probe temperatures
was measured. Generally, in the isothermal tests the measured temperature

, differer.ces are not zero because of calibration differences between the individual
]

; thermocouples. This calibration characteristic was measured at various temperatures

; to establish trends as a function of temperature.

. 7-16. Saturation of Primary Side Water with Noncondensibles and Sampling System
Checks

This test determines how much helium (noncondensible gcs) is required to saturate the

system primary side water, and how long it takes. The operation of the sampling
system and hellum analyzer instrumentation is also checked. The test provides a check

between the sampling probe bench calibration and the facility sampling system.
|

7-17. Noncondensibles Injection Checks
1

4

.
This test checks the helium injection system operation, and the interaction between the'

primary side and accumulator no.1 (pressurizer). This test should be a continuation of

the previous test (paragraph 7-16).

7-18. System Pressure Relief Checks

The purpose of this test is to check the ability of the spring-loaded pressure relief
valves to depressurize the system in case of overpressurization. These salves are
connected to one of the drain lines of the crossover leg.

1

7-19. Accumulator No. I Gas Overpressure Feed-and-Bleed System Checks-

]

This test checks the feed-and-bleed capabilities nf- the accumulator's gas
3
'

overpressurizing systems to maintain a constant pressure during level changes in these

tanks due to primary side mass depletion or mass injection trannients.
.

1

1

; 7-5
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7-20. Cold Leg injection Checks

i

The purpose of this test is to check the water injection system capability of injecting
3water at a rate of 7.82 x 10-4 m /sec (1.67 lb/see or 12'4 gal / min) for 48 seconds.

while maintaining constant pressure in the primary side.

7-21. UHI Injection Checks

1

This test checks the capability of the injection water system to simulate upper head

injection (UHI) during different modes of natural circulation.

7-22. Steam Generator Secondary Side Cooling System Flowmeter

Calibration Checks i

The purpose of this test is to check in place the calibrations of the flowmeter and
;-

related instrumentation.;

7-23. Steam Generator Secondary Side Boiling Mode at Constant Level,

Boiloff (Drying), and Recovery Checks
,

I

i The purpose of this test is to check the operation of the steam secondary side cooling

system in the boiling mode at constant level, boil the secondary side dry, and recover by,

establishing forced circulation through the secondary side.

i 7-24. Single-Phase, Two-Phase, and Reflux Condesnation Shakedown Test

i

The purpose of this test is to make sure that all facility instrumentation and controls

work properly, to determine the time constant of the system or how long it takes for;

the system to reach steady state after a stepped change has been made, and at what
rates data should be taken during a test. This test is similar to test no. 8 of the test

' matrix and the same procedure should be followed. Test conditions are given in table

F-10 in appendix F.

i

i

|

I
4
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7-25. Forced Convection Secondary Side Film Coefficient Calibration Tests l
<

The purpose of this test is to develop a set of correlations for the steam generator

stcondary side film coefficients. This will be accomplished by controlling the primary
end secondary side flow and temperature boundary conditions.

7-26. NATURAL CIRCULATION AND REFLUX CONDENSATION TEST MATRIX

A test matrix was designed to study the system's thermal-hydraulic performance for
occh of the natural circulating cooling modes, single-phase, two-phase, and reflux

condensation. The test matrix consists of the 20 tests shown in table 7-1.

Parametric studies will be made to investigate the effect of the following:

Variation in bundle power--

Heat sink (steam generator secondary sides)--

Cold leg injection and upper head injection (UHI)--

Noncondensible gas injection--

Transient from single-phase flow to two-phase flow to reflux condensation cooling
--

mode

A description of each test of the proposed natural circulation and reflux condensation

test matrix is given below. Since it is the first time that this type of test was run in
this facility, these test procedures served simply as guidelines, and were open to
ch:nge or modification depending on the test facility response and shakedown test

rssults. The as-run test matrix will be presented in the data analysis and evaluation
report.

|

|
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7-27. Test No.1 - Single-Phase Natural Circulation Reference Test

Objectives:

1. To determine single-phase natural circulation primary side flows, and the time
needed to establish natural circulation steady-state conditions at various bundle

powers at constant pressure with variable system mass inventory (pressurizer l
J

valved into the system) ;

2. To determine forced convection flows in the steam generator secondary sides
needed to establish and maintain primary side natural circulation at various bundle

powers

Initial Conditions:

1. The primary side should be filled with water at 0.69 MPa (100 psia) and at 126 C
(258 F)[39 C (70 F)subcooling].

2. The steam generator secondary side should be full of water at ambient
temperature and at 0.14 MPa (20 psia).

3. The pressurizer should be connected to the crossover leg and should be pressurized'

with a gas overpressure of 0.85 MPa (123 psia). This pressure compensates for the

difference in hydrostatic head between the tcp of the steam generators an,d the

pressurizer level, and maintains a 0.69 MPa (100 psia) pressure at the highest point

in the system. The water level in the pressurizer should be at about 0.61 m (2 ft)

and the temperature should be 127 C (258 F).

4. The bundle power controls should be set at 22.2 kw (0.2 percent power) total power.
,

!

Procedure:

{ l. Apply power to the bundle at 22.2 kw.

1

7-8
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TABLE 7-1

FLECHT SEASET NATUKAL CIRCULATION AND REF

Primary Side Secondary %de

Fluid Flow
Bundle Initial Fluid T emperat ure Rate and

Pressure Power Temperature Pressure Temperature Riseta) Conditior/a)
T est
Number [t#a (psia]] (k w) [C0(OF)] [MPa (psia)] [C0(OF)} [C0(OF)] 3[m /sec (gal / min)]

1 0.69 22.2-66.9~ 126 0.14 (20) Ambient 39 (70) 1.3 x 10-4-1.4 2 x 10- 3
'.100) ii1.2 ~222.4 (258) ( 2.2 - 22.5)

Circulating

2 0.69 222.4 22.2 126 0.14 (20) Anbient 39 (70) 1.42xt0-3
(100) (258) (22.5)

Circulatirig

3 0.69 222.4 126 0.14 (20) Anbient 39-26 I .42 x t 0- 3*
(100) (258) (70-46) 2.13x10-3

i (22.5-33.8)
Circulating

4 0.69 222.4 126 0.14 (20) Anbient 39-76 1.42 x 10- l~
(100) (258) (70 -137) 7.07 x 10-4

(22.5 - 11.2)
Circulating

5 0.69 222.4 126 0.14 (20) Anbient 39 (70) 1.42 x 10- 3
(100) (258) (22.5) '

Circulating

6 0.69 222.4 126 0.84 (20) Ambient 39 (70) 1.42 x t 0- 3
(800) (258) (2 2.5)

Circulating

7 0.69 222.4 126 0.14 (20) Arrbient 39 (70) 1.42 x 10- 3
(100) (258) (22.5)

Cireu.at ing

8 0.69 222.4 126 0.69 (100) Anbient 3'J-6 1.42 x 10- 3*
(100) (258) ~159(319) (70 -10) 1.0lx10-2

(22.5 -160.0)
Circulatino

9 0.69 222.4 126 0.10 (15) Anbient 78 boiling to
(100) (258) - 99(210) (140) dryout and

icf all

a. Nominal salues
f

~ - ,
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_UX CONDENSATION TEST MATRIX
.

Water injection.

Nuncondensible

Gas inj)ectionSubcooling Rate (a) Rat e(a
1.iquid T est
t.evel L ocation (C0("T)] [kg|sec (Ib/sec)) (SCCM) Description

Full - - - - Single phase
reference test

Full - - - - Single phase, power
ga

sink ef fect
decay, and constant heat

,

Full - . . - Smgle. phase, increasing
heat sir * capacity ef feet

Full - - - - Single-phase, decreasing
heat sink capacity ef fect

\

1
i

F ull Cold leg 78 (140) 0.757 - Single phase, cold
(l.67) leg injection ef fect

Ful1 - - - 4107 Single-phase, noncondens-
for 5 min able gas injection etfect into

both hot legs

Full - - - 1020 Single-phase, noncondens-
fer 5 min ible gas injection etfeet into

broken leg only

Full - - - - Single-phase to two-phase to
reflux condensation transient
test

10.7 m 0 - - - - Single-phase to two-phase to
(35ft 0) reflux condensation transient

test, secondary side effects

7-9-
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T ABLE 71*(

FLECHT SEASET NATURAL CIRCULATION AND

i

Primary Side Secondary Side

fluid Flow
Bundle Initial Fluid Te rature Rate and

Pressure Power Temperat ure Pressure Temperature Rise a) Condition (s)
Test
Number [MPa (psia)) (kw) [Co(OF)] [MPa (psia)] [ColoF)] [Co(of)] [m3 sec (gal / min))/

10 0.69 222.4 126 0.10(15) Ambient 78 (140) Boiling at
(100) (258) - 99(210) constant level

11 0.69 222.4 126 0.10(15). Ambient 78 (140) Boiling at
(100) (258) ~99 (210) constant level

12 0.69 222.4 126 0.14 (20) Ambient 39 (70) 1.4x10-3
(100) (258) (22.5)

Circulating

13 0.69 222.4 126 0.14 (20) Ambient 39 (70) 1.42 x t 0- 3
(100) (258) (22.5)

Circulating

14 0.69 222.4 126 0.10 (15) Ambient 78 (140) Boiling
(l00) (258) ~99 (2 l0)

15 0.69 222.4 126 0.14(20) Ambient 39 (70) 1.42 10-3
(100) (258) (22.5)

Circulating

16 0.69 222.4 126 0.16 (20) Ambient 39 - 26 1.4 2 x 10- 3~
(100) (258) (70-46) 2.13x 10-3

Circulating

17 0.69 222.4 126 0.10 (15) Ambient 78 (140) Boiling broken
(100) (258) -*99(210) loop steam genera-

tor to dry and
refill

!8 0.6? 222.4 126 0.I4(20) 94 6-8 1.0 t x 10-2
(100) (258) (200) (10 -15) (160)

Circulating

19 0.69 222.4 126 0.10(15) Ambient 78(140) Boiling broken
;100) (258) ~99 (210) loop steam genera-

tor to dry and
refill

20 To be determined

a. Nominal values

1
|

i

|
'
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REFLUX CONDENSATION TEST MATRIX

Water injection

Noncondensible
Gas inject.on

Subcooling Rate (a) gege(a)
T est

| Liquid

|
1.evel Location (C0(OF)] [k g/sec (Ib/sec)] (SCCM) Description

3f4
Upper 78 (140) 0.43 (0.94) - Single-phase, two-phase, and

f ull plenum fu. 347 see reflux condensation tran-
sient with UH1 simulation

3/4
full Cold leg 78 (140) 0.76 - Two-phase, cold leg injec-

(l.67) tion ef fect

Full

Cold leg 78 (140) 0.76 - Reflux mode cold leg
(1.67) insection ef feet to recovery of

single-phase mode
Full

- - - 4107 Two-phase mode, noncondens-
for 5 man ible gas injection

35 Ft
Min

- - Single-phase mode, minimum- -

secondary heat sink ef fect
Full

- - - 4107 Reflux mode, noncondensible

for 5 min gas injectson e f f eetsFull

- - - - Two-phase mode, increased
heat sink ef fect10.b0 m

(35-0 f t) Broken
loop steam gen.

- - - Two-phase mode, decreasederator to 0 -

heat sink ef feet10.7 m (0-35 ft)

Full - - - - Reflux mode, increased heat
sink eifeet

10.7 0m - - - - Reflux mode, decreased heat
sink ef fect

(35 0 f t) Broken
loop steam gen-
erator to 0-
17 m (0-35 f t)

.
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2. At the same time, start circulation in the steam generator secondary side at
nominal flow of 1.04x10'# m /sec (1.65 gal / min) in the unbroken loop and 3.5x10

3m /sec (0.55 gal / min) in the broken loop steam generators. These flows were
calculated by assuming a AT rise of 39 C (70 F) in the cooling water. Adjust flows
to maintain approximately 39 C (70 F) subcooling at the bundle inlet.

3. Allow the primary side to reach steady state, which is defined as constant primary
side flows, constant pressure, and constant bundle inlet temperature.

4. Monitor and record all instrumentation channels during the transient stage at a
rate of I scan per 0.5 seconds, and during steady-state conditions at a rate of I

scan per 5 seconds. Measurements of particular interest are primary side flows,

system pressure, primary side depletion mass rates, steam generator secondary

side flows, temperature distribution throughout the system, and overall system
pressure drop.

5. After the system has been operating at steady state for 30 minutes, increase
bundle power in small steps up to 66.9 kw (0.6-percent power) over a 30-minute

period, and simultaneously adjust the steam generator secondary side cooling water l

flows to maintain the nominal 39 C (70 F) subcooling at the bundle inlet; repeat
asteps 3 and 4.

6. Repeat step 5 for bundle powers of 111.2 kw (1-percent power) and 222.4 kw
(2-percent power).

i.
7-28. Test No. 2 - Single-Phase Natural Circulation as a Function of Bundle Power

Objective:

To determine the effects of reducing buncle power while maintaining a constant heat
sink during the single-phase natural circulation mode

7-13
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Initial Conditions:

1. This test could be a continuation of test no. I after the system has been operating

at steady state for 15 minutes with constant bundle power at 222.4 kw, constant

primary side natural circulatie>n flows, and constant steam generator secondary

side cooling water flows.

2. The power controls should be set so that the bundle power- can be ramped I
i

automatically from 222.4 kw down to 22.2 kw over a period of 60 minutes. ]
l

Procedure:

1. Maintain the steam ganerator secondary side flows constant throughout the power

ramp.

2. Observe system behavior during this transient, and in particular, the effect of
forming a " cold water plug" in the steam generator primary sides because of
excess cooling capacity as the bundle power decreases. This phenomenon could

stop, or at least slow down, primary side natural circulation, resulting in a pressure
increase in the upper plenum.

3. The test should be terminated if the primary side pressure rises above 1.03 MPa

(150 psia), by scramming bundle power and venting system through the letdown

valves.

4. Measurements of interest are primary side flows, system pressure and pressure

drops, primary side mass inventory changes, pressurizer level or mass inventory

changes, temperature distribution through the system, and transient times.

,.
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7-29. Test No. 3 - Single-Phase Natural Circulation, increased Heat Sink Capacity
Effect

Objective:

To determine the effect of increasing the heat sink (steam generator secondary side

croling) by 50 percent on the flows required to maintain primary side single-phase
n*.tural circulation with a constant bundle power of 222.4 kw (2-percent power)

Initial Conditions:

1. The primary side filled with water at 126 C (258%) and 0.69 MPa (100 psia)

2. The steam generator secondary sides filled with water at ambient temperature and
at a pressure of 0.14 MPa (20 psia)

3. The pressurizer connected to the primary side with a gas overpressure of 0.82 MPa

(119.2 psia), and a water level equivalent to half the pressurizer volume

Procedure:

.

1. Apply about 50 percent of the required power (222.4 kw) to the bundle, and at the

same time start circulation on the steam generator secondary sides. Adjust these
flows in order to achieve primary side natural circulation and maintain a 39 C
(70 F) subcooling at the bundle inlet.

2. Increase power to the bundle in steps until the required 222.4 kw (2-percent power)
is reached.

3. Determine the steam generator secondary side flows needed to maintain a 39 C

(70 F) subcooling at the bundle inlet. These flows should be the same as those

determined in test no. I for a bundle power of 222.4 kw.

7-15
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4. After the system has reached steady state, start proportionally increasing the
steam generator secondary side flows in steps until the total flow is 50 percent
higher than the total flow determined in step 3, or until the primary side natural
circulation is stopped. This increase of cooling flows should take place over a
period of 30 minutes at 5-minute intervals. At each step, the flows should be

3 3 I

m /sec (1.69 gal / min) and 3.6x10-3 m /sec (0.57 gal / min) toincreased by 1.0lx10~0
,

the unbroken and broken loop steam generators, respectively. By increasing the

steam . generator secondary side flows, the primary side temperature will be
decreased, resulting in a primary side water volume reduction. Consequently, the

pressurizer level should be carefully monitored during this test. Higher heat sink
capacity could also cause a cold water plug in the hot legs, stopping natural

:

circulation and resulting in a rapid increase in system pressure.

5. Measurements of interest are primary side flows, system pressure, steam generator

secondary side flows, primary side mass inventory changes, pressurizer level or
mass inventory changes, temperature distribution throughout the system, and

transient times.

7-30. Test No. 4 - Single-Phase Natural Circulation Reduced Heat Sink Capacity

Effects

Objective:

To determine the effects of reducing the heat sink capacity (steam generator secondary

side cooling) by 50 percent on the flows required to maintain primary side single-phase
natural circulation with a constant bundle power of 222.4 kw (2-percent power).

Initial Conditions:

1. This test could be a continuation of test no. 3 after the steam generator secondary ,

side flows have been reduced to normal values needed to maintain primary side )
single-phase natural circulation with a 39 C (70%) subcooling at the inlet of the

I
bundle.

l

I
|
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!

! 2. The pressurizer remains valved into the primary side, but its level should be
reduced to about one-qua'rter full to allow primary water volume expansion

' because of temperature increases caused by reducing the system heat sink (steam

generators) capacity. The pressurizer gas overpressure should be maintained at
0.82 MPa (119.2 psia).

Procedure:

|

| 1. Once steady-state single-phase natural circulation operation has been attained

with a bundle power of 222.4 kw, start reducing the steam generator cooling water
flows in steps down to 50 percent of the starting flow or until the rod bundle exit

temperature reaches saturation temperature. The reduction in cooling water flows

should take place over a period of 30 minutes at 5-minute intervals. At each step,
the flow should be decreased by 1.01x10-" m /sec (1.69 gal / min) and 3.6x10-

m /sec (0.57 gal / min) to the unbroken and broken loop steam generators,
respectively. At this time, two-phase flow may be observed through the upper

i plenum windows or the hot leg transparent pipe sections.
|

| 2. As the steam generators' heat sink capacity is decreased, the primary side
temperature will go up, causing liquid volume expansion. This excess volume

should be accommodated in the pressurizer volume resulting in a level rise.

3. Measurements of interest are the same as those in test no. 3.

7-31. Test No. 5 - Single-Phase Natural Circulation, Cold Leg Injection Ef fects

Objective:

1

1 To determine the effects of cold leg injection on single-phase natural circulation with
constant bundle power of 222.4 kw (2-percent power)

7-17
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Initial Conditions:

1. This test will be run with a constant mass inventory in the primary side, which
means that accumulator no. 2 will be employed to provide the cold leg injection

water. Therefore, accumulator no. 2 should be connected to the unbroken cold leg.

2. The system should be operating in a single-phase natural circulation mode similar -

to the conditions m test no. 3.

|

3. The steam generator secondary sides should be filled with water at ambient
temperature and a pressure of 0.14 MPa (20 psia). |

4. Accumulator no. 2 should be connected to the cold leg injection line. This
accumulator should be filled with water at 87 C (188 F)[78 C (140 F) subcooling]

with a gas overpressure high enough to effectively inject water in the cold leg.
-The water will be injected at a rate of 0.76 kg/sec 1.67 lb/sec) for about 48
seconds. This volume of water is equivalent to the volume of the unbroken cold

leg piping.

5. Bundle power controls should be set initially to about 122.3 kw (55 percent of

required power).

Procedure:

1. Apply power to the bundle (122.3 kw) and simultaneously start steam generator

secondary side flow.

2. Adjust steam generator secondary flows to maintain 126 C (258 F) at the bundle

inlet, and establish steady-state natural circulation.

3. Start increasing bundle power in steps, simultaneously adjusting the steam
generator secondary side cooling flows until the system has been operating for 30
minutes with primary side natural circulation, a bundle power of 222.4 kw
(2-percent power) and a bundle inlet temperature of 126 C (258 F).

|

i 7-18
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4. Start cold leg injection at a rate of 0.76 kg/sec (1.67 lb/sec). The cold leg
injection should last 48 seconds.

5. At the end of the cold leg injection, valve out accumulator no. I from the system

6. Determine system behavior and transient times needed to reach steady state
again. Continuously monitor and record primary side flows, temperatures, and
pressure, and steam generator secondary side cooling flows and temperatures. If
the cold leg injection stalls primary side natural circulation, the bundle rod
temperatures may go up rapidly, causing an increase of primary side pressure.
Therefore, bundle power should be scrammed on heater rod high temperature,
260 C (500 F), or when the system pressure reaches 1.03 MPa (150 psia).

7. Measurements of interest are cold leg injection flow, primary side flows and
pressure, bundle temperatures, steam generator secondary side cooling flows and
temperatures, transient times, and system temperature distribution.

,

7-32. Test No. 6 - Single-Phase Natural Circulation, Effect of Noncondensible Gas
injection into Both Hot Legs

Objective:

To determine the effect of noncondensible gases on single-phase natural circulation

when gases are injected into both hot legs. The gas should be injected in steps at the

top of both upper plenum hot leg outlet nozzles. The noncondensible gas will be
helium. The amount of helium to be injected on each step is equivalent to the volume
of 1.52 m (5 f t) of both steam generator tube bundles (44 tubes). This volume is
4.1 x 10~3 3 (0.145 ft ) at 0.69 MPa (100 psia), of which, 3.9x10-3 3 (0.109 f t ) is for

3m m

3 (0.036 f t ) is for the broken loop hot leg.the unbroken loop hot leg, and 1.0x10- m

However, prior to this injection, the water in the primary side should be saturated with
3helium. About 2.5x10- (0.09 f t ) of helium is needed, based on a primary sidem

volume of 0.8864 m (234.2 gellens) of water at 126 C (253 F).

7-19
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. Initial Conditions:

1. The primary side filled with water at 126 C (258 F) and 0.69 MPa (100 psia)

2. The steam generator secondary sides filled with water at ambient temperature and
a pressure of 0.14 MPa (20 psia)

3. The pressurizer (accumulator no.1) filled with water saturated with holium at
126 C (258 F) to's level of 3.05 m (10 ft) and a helium gas overpressure of 0.82

]
MPa (119.2 psia)

4. The circulating pump valved into the primary side

5. The bundle power controls set to 122.3 kw

Procedure:

1. Start forced circulation in the primary side.

2. Start injecting helium to the primary side through the upper plenum hot leg nozzle
3gas injection lines at a rate of 4.2x10-6 m /sec (0.009 ft / min) to the unbroken

3 3loop hot leg and 1.2x10 ' m /sec (0.025 f t / min) to the broken loop hot leg for 3~

minutes or until the total of 8.5x10~ m (0.3 f t ) has been injected. Keep
circulating for another 10 minutes and take water samples to determine helium
concentration of 0.0125 cm3 (O C, I atm)/g H O at I atm. Add more helium if

2
necessary.

3. After primary water is saturated with helium, stop and isolate the circulating pump.

-4. Apply power to the bundle and start circulation in the steam generator secondary

sides to maintain 70 C (158 F) at the bundle inlet. 4

5. Continue increasing bundle power in steps up to 111.2 kw until single-phase natural

circulation steady state has been attained.
t

i

|- 7-20
1

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



.

i-

6. Valve out the pressurizer.

3' 7. Start helium injection in steps equivalent to the volume (0.004115 m (0.1453 f t ) -

| of 1.52 m (5 f t) of both steam generators' tube bundles. Of this volume, 0.00309
3 (0.109 ft ) should be injected into the unbroken hot leg at a rate of 30873i m

cm / min for 5 minutes, and 0.0010 m (0.036 ft ) should be injected into the
3broken leg at a rate of 1020 cm / min for 5 minutes. Allow the primary side to

reach steady state after each helium injection. Monitor and record all
: Instrumentation channels, during injection in particular, and during the time to
| reach steady-state operation.

! 8. Continue helium injection in steps as specified above until 85 percent af the steam

generators are filled with helium, or natural cimulation is stopped, or the system;

pressure reaches 1.03 MPa (150 psia).

:
'

9. Af ter each helium injection and after the system has reached steady state, draw
samples from the steam generators to determine helium concentration in the

primary side water and distribution in the system, and in particular, the axial gas
concentration in the steam generator tube bundles. Valve in the pressurizer when

samples are being drawn from the system. Af ter sampling has been completed,|

valve out the pressurizer.

10. Measurements of interest am noncondensible gas injection rates, concentrations,,

and ' distribution in the system; primary aide flows, pressure, and temperatures;

. transient times to reach equilibrium or steady-state operation; steam generator
secondary side flows, temperatures, and pressums,

i

7-33. Test No. 7 - Single-Phase Natural Circulation, Noncondensible Gas Injection
Effect (Broken Loop Only) .

|

Objective: I
'

' To determine the effect of noncondensible gas injection on single-phase natural
i circulation when injection takes place only into the broken loop with the possibility of

incapacitating one of the heat sinks

7-21
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Initial Conditions and Procedures:

Initial conditions and procedures am the same as those in test no. 6, except that the
noncondensible gas is injected only into the upper plenum broken loop hot leg outlet

3nozzle. The total volume of gas injected per step should be 1.0x10- m (0.036 f t ) at a

rate of 1020 cm / min for 5 minutes.

7-34. Test No. 8 - Single-Phase, Two-Phase, and Reflux Transient Test at Constant

Pressure

Objective:

To determine primary side and steam generator secondary side (heat sink) behavior

during transient modes of operation from single-phase to two-phase natural circulation
to reflux condensation, maintaining the system pressure constant with system variable

mass inventory.

Initial Conditions:

1. The primary side should be filled with water at 126 C (258 F) and 0.69 MPa (100

psia). This water should not have any dissolved helium.

2. The steam generator secondary sides should be filled with water at ambient
temperature but pressurized to 0.69 MPa (100 psia). This means that the gas
overpressure in the expansion tank (containment tank) should be 0.917 MPa (133

psia) with e initial water level of 1.83 m (6 f t).

3. The pmssurizer (accumulator no.1) should have a level of 0.61 m (2 f t) with water

at 126 C (258 F) and a gas overpressure of 0.8501 MPa (123.4 psia), and should be

connected to the primary side, e

I4. The power controls should be set initially to provide 111.2 kw to the bundle.

|
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!

1. Turn on power to the bundle, and at the same time start circulation in the steam

generator secondary sides. Adjust cooling flows in order to achieve primary side
natural circulation and maintain 39 C (70 F) subcooling at the bundle inlet.

2. Increase power to the bundle in steps until the required 222.4 kw (2-percent power)
is reached.

:

)
| 3. Simultaneously adjust steam generator secondary side cooling flows to maintain !

39 C (70 F) subcooling at the bundle inlet.

| 4. After the system has been at steady state for 15 minutes, start decreasing the
steam generator secondary side cooling flows in steps. This will reduce the
amount of subcooling at the rod bundle inlet. If reducing the secondary side flows

is not enough because of the large heat transfer ama of the steam generators,
start reducing the cooling water to the secondary side heat exchanger. This will

j start raising the temperature of the secondary side water, and also raise the |
primary side temperature.

5. As the bundle inlet subcooling decreases (temperature increases), boiling will occur
in the bundle and two-phase flow natural cimulation should be established.
Carefully monitor loop conditions to determine the time at which this mode of

natural circulation is achieved. In particular, monitor and measure the primary
side mass depletion due to liquid thermal expansion as the temperature increases

and due to phase changes when steam generation is started. This mass will go into
the pressurizer, causing an increase in level. Mass depletion rates could also be
determined by measuring reverse flows in the injection lines with the bidirectional

turbine meter. In addition, observe flow regime changes through the upper plenum
j windows and/or steam generator inlet plenum windows. The bundle, upper plenum,
i
'

and steam generator inlet plenum differential pressure measurements could also

indicate when voids start forming in the primary side.

|

I
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6. Af ter operation in two-phase natural circulation mode for about 30 minutes, start

decreasing 'the cooling water flow to the steam generator secondary side heat
exchanger, and if necessary, decrease the steam generator secondary side flows,

until the temperature difference between the primary and secondary sides is about
06 C (10 F). As the temperature in the primary side increases, approaching .

saturation, boiling could occur at the top of the steam generator tubes when the
lowest system pressure exists. - This steam and the steam being generated in the

bundle, if any, will eventually displace the water out of the steam generator tubes,

steam generator plenums, hot leg, cold leg horizontal runs, upper plenum, and
downcomer extension ~ volumes above the hot and culd legs, respcctively. The

displaced liquid will be going into the pressurizer, raising its level by about 2.3 m
(7.4 f t). Voiding of the components mentioned above will cause a mduction in j,

primary side hydrostatic head equivalent to about 0.114 MPa (16.6 psia), which

requires a mduction of the pressurizer gas overpressure from the initial pressure
'

of 0.161 MPs (23.4 psia) down to 0.047 MPa (6.8 psia), when taking into account

the hydrostatic head induced by the pressurizer raised level. This reduction in
pressure is necessary if a 0.69 MPa (100 psia) static pressure is to be maintained at

the top of the upper plenum. Since the reduction in hydrostatic head occurs in a

transition period, it might be necessary to adjust the pressurizer gas overpressure
as the primary side water level decreases during this transient period.

7. Once the reflux condensation mode has been established, adjust system conditions

to maintain a water level at 0.61 m (2 f t) below the upper plenum hot leg exit
nozzles, and operate the system at steady state for 30 minutes.

4

8. During this period, measure condensed liquid film flows in the hot and cold legs
with the liquid film rotameter system installed in each leg.

i 9. Measurements of interest am primary side flows, system pressure, system pressure

drops; steam generator secondary side flows and temperatures; mass inventory
changes in the primary side and pressurizer; temperature changes and distribution'

'

throughout the system; transient conditions and times needed to go from one mode

of natural circulation to another; time when steam generators start voiding;
]

differential temperatures between secondary side fluid, tube wall, and primary side

in the steam generators; liquid film flow, thickness, and velocity during reflux

| condensation mode; and steam velocities in the hot legs during reflux condensation.
!
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. 7-35. Test No. 9 - Single-Phase, Two-Phase and Reflux Transient Test with Variable
.

.
.

Steam Generator Heat Transfer Area and Recovery

Objective:

To determine the effect of the- steam generators' heat ; transfer area on natural
circulation single-phase, two-phase, and reflux condensation modes with boiling in the
secondary side until it is completely dried, and then reestablishing secondary side

coolant flows (increasing heat transfer area)^ until primary side ' single-phase natural

circulation is reestablished. The test will be conducted with a variable mass inventory
and variable system pressure. .

Initial Conditions:

1. The initial conditions are the same as those in test no. 8. The primary side water

temperature should be 126 C (258 F at 0.69 MPa (100 psia), the steam generator
secondary side should be at atmospheric pressure, and the pressurizer (accumulatcr

no.1) should have a gas overpressure of 0.7129 MPa (103.4 psia).

|

2. The steam generator secondary side cooling system expansion tank should be filled

with water at 93 C (200 F) with a gas overpressure high enough to inject water in
the steam generator secondary sides after they have gone dry. A volume of 0.792

3 (28.0 f t ) is needed. This volume is equal to the combined secondary side3m

volumes of both steam generators. This tank should be valved out initially from
the cooling system.

Procedure:

1. Establish single-phase natural circulation as in test no. 8.

2. After steady-state operation for 15 minutes, stop circulation of the steam
generator secondary side flows and adjust the water level such that the tubes are

just covered with liquid [10.67 m (35 f t)] The excess water could be drained from

the secondary side or vented to the atmosphere as steam.
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3. At the initiation of the transient, let the steam generator secondary sides start

boiling (evaporative boiling) and either vent the generated steam to the
atmosphere or drain the condensibles af ter the steam has been condensed by the

secondary side heat exchanger. It is estimated that the steam generator secondary

sides will boil dry in 2.2 hours, including the time needed to heat the water to

saturation temperature.

4. Transition to two-phase natural circulation might start about 8 to 10 minutes into
the transient. This is the time required to heat the secondary side to saturation,

assuming good mixing. At this time, primary side water will near saturation
temperature at the bundle inlet and boiling should occur in the bundle. Monitor
primary side mass depletion into the pressurizer and adjust pressurizer gas
overpressure as the level rises, as indicated in test no. 8.

5. Allow the steam generator levels to decrease and carefully monitor changes in the

primary side behavior as the secondary side heat transfer area is decreasing.

6. Determine conditions when the primary side goes into the reflux condensation

cooling mode.

7. Determine the ef feet of losing all the heat transfer area when the steam generator

secondary sides boil dry. At this time, the primary side pressure could increase

and uncovery of the bundle could occur in about 18 minutes.

8. Start injecting water at 93 C (200 F) into the steam generator secondary sides
from the expansion tank as soon as the steam generators boil dry, and determine
time needed to reestablish cooling capability. However, if the primary side

pressure reaches 1.03 MPa (150 psia) or if the heater rod temperature goes above
260 C (500 F) before steam generator secondary side cooling has been
reestablished, scram the bundle power and vent the system through the letdown

valves.

|

9. Continue injecting water in the steam generator secondary sides until full or until I

circulation can be started. During this period, determine system response and

!
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|

changes in primary side cooling modes, mass inventories, pressurizer level, primary,

I side flows, system pressure, and pressure drops and temperatures.
!

10. Continue increasing the steam generator secondary side cooling capacity to
evaluate the potential for reduced natural circulation head and loop seal cold
water plugging.

|

| !!. Measurements of interest am same as those in test no. 8, plus steam generator
secondary side water levels to maintain the different modes of natural circulation.

! 7-36. Test No.10 - Single Phase, Two-Phase, and Reflux Condensation Transient
!

With UHI Simulation

Objective:

To determine the effect of UHI injection on natural circulation single-phase,
two-phase, and reflux condensation modes, during boiling in the steam generator
secondary sides. The test will be conducted with a variable mass inventory and variable
system pressure.

Initial Conditions:

1. The primary side should be filled with water at 126 C (258 F) and 0.69 MPa (100
psia).

2. Accumulator no. 2 should be used as a UHI injection water supply tank, and should

be about three-quarters full with water at 60 C (140 F), and with a gas
overpressure high enough to inject water into the upper plenum. The injection line

should be connected to the upper plenum pipe penetrations located just above the
upper core plate.

3. The steam generator secondary sides should be thme-quarters full with water at
.

|

room temperature. During the test, the secondary side will be operating as an |

evaporative heat exchanger with a relatively constant water level. The steam

being generated would be condensed by the secondary side heat exchanger and
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returned to the secondary side to maintain a constant level. In this case the,

secondary side circulation pump would not be in operation.

S. Accumulator no. I should be used as a pressurizer and should have a level of 0.61 m

(2 f t) with water at 126 C (258 F) and a gas overpressure of 0.848 MPa (123 psia).U

u

'

Procedure:

l. Establish single-phase natural circulation as in test no. 8 with 222.4 kw of bundle

power.
l

2. Af ter operation at steady state for 15 minutes, start the UH1 injection at a rate of

0.43 kg/sec (0.94 lb/sec) for 347 seconds.

3. At the end of UH1 injection, isolate accumulator no. I from the system primary

side and carefully monitor the effect of the UHI water injection on the
single-phase natural circulation mode. it is postulated that UHI injection might
stop or at least slow down the natural circulation flow until the subcooled UHI
water mixes with the system water and natural circulation is reestablished. During

this period, this system pressure may start increasing. If it reaches 1.03 MPa (150

psia), scram power and depressurize the system by activating the letdown valves.

4. When the system pressure is down to 0.69 MPa (100 psia), valve in accumulator no.

I and start apply:ng power to the bundle again.

5. Reestablish single-phase natural circulation and continue adjusting the steam

generator secondary side conditions until two-phase flow natural circulation is
established with a bundle power of 222.4 kw. The steam generator secondary sioes

can be adjusted by lowering the water level, which in effect reduces the heat sink
effective heat transfer area and results in an increase of primary side water

temperature until boiling occurs in the steam generator tubes, hot legs, upper
i

plenum, and bundle.
.

I
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6. Af ter operating for 15 minutes in a two-phase natural circulation mode, valve out

accumulator no. 2 (pressurizer) and start UHI injection at a rate of 0.43 kg/sec
(0.94 lb/sec) for 347 seconds.

7. Observe the effects of UHI injection by monitoring system pressures, temperature
and flow changes, mass inventory changes, and transient times. As in the
single-phase natural circulation case, UH1 injection might stop the two-phase
natural circulation or at least slow it down.

! 8. Continue monitoring the system until some mode of natural circulation is

. reestablished or the system pressure reaches 1.03 MPa (150 psia). At this point,
scram bundle power and reduce primary side pressure through the letdown valves.

|

| 9. When the system pressure is down to 0.69 MPa (100 psia), valve in accumulator no.

| ' (pressurizer), and turn on power to the bundle until the 222.4 kw power level is
reached.

10. Adjust level in the steam generator secondary sides until reflux condensation mode

is established in the primary side, as described in test no. 8, step 6.

11. After steady-state operation in the reflux mode for 15 minutes, valve out
accumulator no.1 (pressurizer) and start UH1 injection at a rate of 0.43 kg/sec

| (0.94 lb/sec) for 347 seconds.
I

!
\

12. Observe the effects of UH1 injection by monitoring system pressures, temperature
and flow changes, mass inventory changes, and transient times. As in the case of

two-phase natural circulation, UHI injection might stop the reflux condensation
mode or at least change it into the two-phase natural circulation mode.

13. In any case, continue monitoring the system until more natural circulation is
reestablished or the system pressure increases to 1.03 MPa (150 psia). At this

| point, scram bundle power and reduce primary side pressure through the letdown
valves.

7-29

__ _ _
_ _ _ ,



_-.

14. Measurements of interest are same as those in test no. 8 plus effects of UHI

injection on the natural circulation modes.

7-37. Test No.11 - Two-Phase Natural Circulation, Cold Leg Injection Effects

Objective:

l.
!To determine the effects of cold leg injection on two-phase natural circulation during
|

boiling in the steam generator secondary sides. The test will be conducted with a
variable mass inventory and variable system pressure.

Initial Conditions:

Initial conditions are the same as those in test no. 5 except for the secondary side of

the steam generators, which should be operated as evaporative coolers (boiling mode)

and should be initially about three-quarters full with water as in test no.10.

Procedure:

1. Establish two-phase flow natural circulation in the primary side by adjusting the

boiling level in the steam generator secondary sides as in test no.10.

2. After the system has been operating at steady-state two-phase flow conditions for

15 minutes, isolate accumulator no.1 (pressurizer) from the primary side and start

cold leg injection at a rate of 0.76 kg/sec (1.67 lb/sec) for 48 seconds.

3. Determine the system behavior by monitoring system pressures, pressure drops,

temperatures, flow changes, mass inventories, and steam generator secondary side

levels, temperatures, and pressures. _

S

4. The cold leg injection might stop the two-phase natural circulation by either
collapsing the voids in the primary side or forming a cold water plug in the steam

generator outlet and cold legs. In either case, continue operating the system until
a natural circulation mode is reestablished or the pressure in the system increases
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to 1.03 MPa (150 psla). At this point, scram bundle power and let down primary
side system pressure through letdown valves.

l 5. Measurements of interest are the same as those in tests no. 5 and no.10.
|

7-38. Test No. 12 - Reflux Mode, Cold Leg Injection Effect to Recovery of
Single-Phase Natural Circulation Mode

Objective:

To determine the effect of cold leg injection during reflux condensation mode until
single-phase natural circulation mode is reestablished

Initial Ccnditions:

Initial conditions are the same as those in test no. 5. However, if in test no. 8 it is
d termined that it takes a long period of time to establish the reflux condensation

mode when starting with a liquid-full system, this test could be started with the system
partially full of water at about 126 C (258 F) at 0.69 MPa (100 psia). The water level

in the bundle and the downcomer should be at 0.61 m (2 f t) below the hot leg nozzles,

end the pump loop seal piping should be filled to the top of the uphill vertical legs. The
rest of the primary side volume should be filled with saturated steam at 0.69 MPa (100

psia). The steam generator secondary sides should be filled with water at 114 C

(238 F) and pressurized to 0.69 MPa (100 psia) or higher if needed to provide the proper

net positive suction head (NPSH) to the circulating pumps.

Procedure:

y 1. If the system is initially full of water, follow the procedures in test no. 8 unta the
reflux mode is established.

2. If the test is initiated with the primary side partially filled with water, start
applying power to the bundle at a low value, and increase power and adjust the
steam generator secondary side flows until the 222.4 kw power level is reached and
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the system is operating in the reflux condensation mode. In this case, accumulator
no. I does not need to be valved into the system and used as a pressurizer.

3. Af ter the system has been operating at a steady state for 15 minutes, start cold

water injection at a rate of 0.76 kg/sec (1.67 lb/sec) until single-phase natural
circulation is established or the primary side pressure reaches 1.03 MPa (150

pala). At this point, power to the bundle should be scrammed, the secondary side
flow could be increased and its temperature lowered, or the primary side pressure

could be let down through the letdown valves.

4. Measurements of interest are the same as those in tests no. 5 and no.10, including

transient times to reach single-phase natural circulation, measurements of primary j

flows, and in particular, observation and measurement of possible flow reversals

caused by the cold leg injection.

7-39. Test No.13 - Two-Phase Natural Circulation, Noncondensible Gas Injection

Effects

j

Objective:

To determine the effects of noncondensible gas injection into the primary side when it

is operating in two-phase flow circulating mode

Initial Conditions:

Initial conditions are the same as those for test no. 6.

Procedure:

The procedure is the same as that in test no. 6 except that noncondensible gas injection
fshould not start until the system has been operating in the two-phase flow mode for 15

minutes and the pressurizer has been isolated from the primary side.

|,
Measurements of interest are the same as those in test no. 6.

|
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7-40. Test No.14 - Single-Phase Natural Circulation with Minimum Secondary Side
Heat Sink

Objective:
1

To determine the minimum boiling level in the steam generator secondary sides to
maintain primary side natural circulation with a bundle power of 222.4 kw

Initial Conditions:

Initial conditions are the same as those in test no. 9.

Procedure:

The procedure is the same as that in test no. 9 except that the steam generator
secondary side boilir.g level should be lowered to the minimum height required to
maintain primary side single-phase natural circulation at steady state for at least 15

minutes. The test could be terminated by scramming bundle power and increasing
boiling level in the steam generator secondary side.

Measurements of interest are the same as those in tast no. 6.

7-41. Test No.15 - Reflux Mode, Noncondensible Gas injection Ef fects

Objective: .

1

To determine the effects of noncondensible gas injection during the primary side reflux
condensation mode

Initial Conditions:

Initial conditions are the same as those in tests no. 6 and no.13.
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Procedure:

The procedure is the same as that in test no. 6 except that noncondensible gas injection

starts when the primary side has been operating in the reflux mode for 15 minutes and

the pressurizer has been isolated from the system. The test is terminated when the
primary side system pressure reaches 1.03 MPa (150 psia). At this point, the bundle
power should be scrammed, the steam generator secondary side cooling flows should be

increased, and the primary side pressure should be decreased by venting through the

letdown valves.

Measurement of interest are the same as those in tests no. 6 and no.13.

7-42. Test No.16 - Two-Phase Flow Natural Circulation, Heat Sink Increase Effect '

Objective:

To determine the effect of increasing the heat sink capability by 50 percent on the

two-phase flow natural circulation mode. This test will be conducted with a primary
side constant mass inventory and variable pressure.

Initial Conditions:

Initial conditions are the same as those in test no. 3.

Procedure:

The procedure is the same as that for test no. 3 except that increasing of the steam

generator secondary side flows should not start until the primary side has been
operating in steady-state two-phase flow mode for at least 15 minutes with a bundle

power of 222.4 kw, and the pressurizer has been isolated from the system. By
increasing the heat sink capacity, the primary side voids could be collapsed and the e

fluid temperature could be decreased to a situation where a cold water plug could be
formed and stop the two-phase flow natural circulation; this could induce an increase in

primary side pressure. The test should be terminated when the primary side system
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pressure reich:s 1.03 MPa (150 psia). At -this point, the bundle power thould be
scrammed,'and the system pressure should be decreased by_ activating the letdown

| . valves.

Measurements of interest are the same as those in test no. 3.

-7-43. Test No.17 - Two-Phase Flow Natural Circulation, Heat Sink Reduction Effect

Objective:

To determine the effect of reducing the heat sink capability (heat transfer area) on

two-phase natural circulation with boiling in the secondary side of both steam
generators and allowing.the broken loop steam generator secondary side to boil dry and

recover. This condition could cause an imbalance in the system heat removal
capabilities with the possibility of flow reversals in the broken loop.

Initial Conditions:

Initial conditions are the same as those in test no. 9.

Procedure:

1. Establish two-phase natural circulation as in test no. 9, with boiling in both steam

generator secondary sides maintaining a constant boiling level. :

l

l

2. Af ter the system has been operating at steady state for 15 minutes, isolate the

broken loop steam generator secondary side and allow it to boil dry, and at the
same time maintain a constant boiling level in the unbroken loop steam generator
secondary side.

3. As the transient progresses, carefully monitor primary side flows, temperatures,t

and pressums. The reduction of heat transfer area could cause a temperature rise

in the primary side accompanied by a pressure increase, a reduction in flow in the

broken loop, and eventually, a flow stoppage and/or flow reversal. Another
possibility is that the unbroken loop flow could increase in an attempt
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to compensate for the loss of flow in the broken loop. In this case, the unbroken

loop steam generator could remove all the heat load and could sustain the ]
'

two-phase flow natural circulation mode.

4. After the broken loop steam generator secondary side has boiled dry, start
injecting water at 93 C (200 F) from the expansion tank until a constant boiling
level is attained to reestablish steady-state two-phase natural circulation in the I

primary side of this steam generator. During this transient,' carefully monitor
primary side flow pattern changes and unbroken loop steam generator behavior.

5. The test could be terminated if

The system pressure increases to 1.03 MPa (150 psia), in which case the bundlea.

power should be scrammed, and the system pressure should be reduced ay

venting through the letdown valves

b. After 30 minutes the broken loop steam generator has boileo dry and the large

steam generator can maintain steady-state two-phase natural circulation with a

system pressure below 1.03 MPa (150 psia).

7-44. Test No.18 - Reflux Condensation Mode, Heat Sink Increase Effect

Objective:

To determine the effects of increasing the heat sink capability by 50 percent on the

reflux condensation mode. This test will be conducted with a primary side constant
mass inventory and variable pressure.

Initial Conditions:

(

Initial conditions are the same as those in tests no. 8 and no.16.

1
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; Procedure:
!

...
1. Establish the reflux condensation mode as in test no. 8, with boiling in both steam

. .

generator secondary sides maintaining a constant level.

2. Follow the same procedure as in test no.16.

7-45. Test No.19 - Reflux Condensation Mode, Heat Sink Reduction Effect

Objective:

To determine the effects of reducing the heat sink capability (heat transfer area) on
the reflux condensation mode, with boiling in the secondary side of both steam
gtnerators and allowing the broken loop steam generator secondary side to boil dry and
then to recover.

Initial Conditions:

Initial conditions are the same as those in tests no. 9 and no.17.

Procedure:

1. Establish the reflux condensation cooling mode as in test no. 9, with boiling in both

steam generator secondary sides maintaining a constant level.

2. Follow the same procedures as in test no.17.

1

7-46. Test No. 20
,

) Conditions for this test will be determined based on the results of all previous tests.

.

.
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SECTION 8

DATA REDUCTION, ANALYSIS, AND EVALUATION PLANS

8-1. N ATURAL CIRCULATION AND REFLUX CONDENSATION DATA REDUCTION

The bundle, components, and system instrumentation are designed to provide sufficient
data for the following purposes:

-- To perform mass and energy balances around each component, the entire system,
and the steam generator secondary side cooling system

To identify cooling modes occurring during natural circulation--

-- To determine the natural circulation flow rates as a fur.ction of bundle power

-- To determine bt,dle mass storage rates, axial void fractions, and exit conditions
for the natural circulation two-phase cooling modes

-- To provide mass storage rates in the upper plenum, steam generator plenums, and
other loop components, for the two-phase flow tests

To determine whether nonequilibrium conditions exist in the upper plenum, steam--

generator, and loop components

To quantify the steam generator secondary side behavior as a heat sink during--

natural circulation cooling modes

To investigate the stability of the different natural circulation cooling modes ana--

the transition between cooling modes
1

To identify the two-phase flow regimes occurring during the experiments in the--

upper plenum, hot legs, and steam generator inlet and exit plenums

8-1



. .-

To determine countercurrent stratified flows in the hot legs during the reflux--

condensation cooling mode

To determine primary side system behavior during the loss and/or recovery of the--

heat sink during natural circulation cooling modes

To determine system transient behavior during simulated cold leg and upper head--

injection

To determine the effect of noncondensible gases in the steam generators during--

various natural circulation cooling modes

The data acquisition, control, and processing system as configured for natural
circulation and reflux condensation testing is described in paragraph 6-19. Paragraph

6-41 explains the data validation criteria and procedures. Brief descriptions, including
identification of main function and outputs, of the computer codes to be used in
reducing and analyzing natural circulation and reflux test data are given in table 8-1.

The computer codes named in table 8-1 are essentially new codes; little of the data
reduction and analysis software previously developed for any of the FLECHT-type

programs was applicable to the current program for three reasons:

The new data acquisition, control, and processing system generates a data tape file--

structure that is significantly different from that of the previous system. This
necessitated a rewrite of the CATALOG routine.

The operation of the systems effect test (SET) facility in a natural circulation and--

reflux condensation cooling mode necessitated writing a mass and energy balance

code that would account for such factors as water-solid primary loops, long-term

energy loss to the ambient by primary piping, steam generator secondary side
boiling dry, and ECC injection into both the cold leg and the test vessel upper

Iplenum (UHl).

The use of differentially connected fluid-to-wall thermocouples, coupled with a--

revision of the computation procedures associated with the reduction of steam

generator data, resulted in new steam generator data reduction and analysis coding.

8-2
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TABLE 8-1

DATA ANALYSIS AND REDUCTION CODES

.

Primary Units
Code Function Output Metric English Engineering

CATALOG Reads data tape Computer file in form
generated at the for use as input to
experiment site and other data reduction
creates a data file codes; tabular list-

for use on the PSCC ing of test data and
scientific computer time in engineering f

units

? Time see see-u Temperature OC OF
Pressure MPa psia
Dif ferential pressure MPa psig

3Flow m /sec gal / min
Power kw kw

NCPLOT Plots each data Same tabular output Same as Same as
channel as a function as CATALOG, plus CATALOG CATALOG
of test run time curves

NCXPLOT Plots data Plotted curves Same as Same as
from various CATALOG CATALOG
tests on the
same axis (cross-
plotting of data)

NCMEBAL Calculates overall One-phase and MPa psig
mass and energy two-phase pressure
balances

..
. . _ .

. .. ..

. . .
.
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TABLE 8-1 (cont)

DATA ANALYSIS AND REDUCTION CODES

Primary Units '

Code Function Output Metric English Engineering

NCMEBAL Void fraction -

(cont)
-

Steam quality . -

Two-phase density kg/m3 lbm/ft3

Mass storage in
loop components kg Ibm

$ Mass balance - - -

Saturation line in m ft
bundle

iFlow rates
-- Cold legs kg/sec lbm/sec
-- Crossover pipes kg/sec lbm/sec
-- ECC injection kg/sec lbm/sec

Energy balance
-- Bundle energy input kw Blu/hr
-- Primary loop losses kw Btu /hr

to ambient
-- Secondary loop losses kw Btu /hr

to ambient
-- Secondary loop kw Btu /hr jstorage effects
-- Heat gain by kw Btu /hr

secondary side fluid-
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TABLE 8-1 (cont)'

4 DATA ANALYSIS AND REDUCTION CODES

I

Primary Units
Code Function Output Metric English Engineering

; 35GTEMP Reads CATALOG and Time see sec
performs interpolation Temperature OC OF

: of steam ~ generator Position m ft

temperature data Flow kg/sec lbm/sec

SGFLUX Employs SGTEMP output Time see sec
2 2j to calculate local Reynolds numbers w/m _oC Btu /sec-ft .oF

heat fluxes in steam Prandtl numbers w/m2 Blu/sec-ft2
i generators Film coefficients

Heat fluxes
:
I cm

! 0
,

|

l

1
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To facilitcta und:rstrnding the purposas of ths date tsduction end entlysis codas end
how these codes support the tcst objactiv;s, th2 d;sircd besic test d:ta are listed in
table 3-1, and the desired reduced data are given in table 8-2. The logical sequencing
of the data reduction and evaluation computer codes is shown in figure 8-1.

The purposes of the mass and energy balance code for the natural circulation test

facility (NCMEBAL) are as follows:

To calculate local (component) and system (loop) mass balances--

To calculate local (component) and system (loop) energy balances--

The code will use loop geometry data and initial condition data tu estimate initial liquid

mass inventory of each of the primary loop components; the initial component mass
inventory estimates will be summed to give an initial loop mass inventory estimate.
The mass inventory of the primary loop wi!! be calculated for each time during the test
that data are collected; this inventory will be compared to the initial mass inventory.

Metered ECC injection flow, when applicable, will be compared to primary loop
increase in mass inventory.

A primary-to-secondary side energy removal rate will be calculated using primary loop
test data. Included in the calculation will be component-by-component heat storage
rates and losses to ambient. A secondary side energy gain, including steam generator

energy storage ef fects, will be calculated and compared to the aforementioned
primary-to-secondary side energy removal rate as an overall facility energy balance.

During .wo-phase natural circulation and reflux condensation operation, estimates of

the following quantities made using collected test data:

The saturation line within the bundle--

Local steam quality at various locations in the test vessel upper plenum, hot legs, ,
--

and steam generator inlet plena

8-6
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1 TABLE 8-2
,

INFORMATION DERIVED FROM BASIC

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TEST DATA I,

i '

1

Derived Thermal-Hydraulic
Quantity Method Used - Code Location

! Primary loop mass balance Summation of mass stored Each component using
;. in loop components - appropriate
i NCMEBAL instrumentation

Primary loop energy balance Energy input to bundle Each component using
compared to energy losses appropriate

'

of loop - NCMEBAL instrumentation

j Secondary side energy gain Calculation of either mass Temperature rise across
j flow or boiloff rates - NCMEBAL steam generators, flow
1 ? measured at steam"j generator inlets
4

j Primary to secondary side Comparison of heat lost Broken and unbroken
j energy balances to steam generator by primary loop steam generators

loop to heat gained by steam
| generator liquid - NCMEBAL
I
' Quality at steam generator Calculation of local quality Bundle exit, across
; tubesheets at bundle exit, accounting hot leg piping and

for pressure drops around loop steam generator
i to steam generator tubesheet - plenum

NCMEBAL
,

i

: Bundle saturation line Energy balance on bundle - Along the bundle -
NCMEBAL heated length

1

1

1

j <

'j

1
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . - _ _ - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _
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TABLE 8-2 (cont)

INFORMATION DERIVED FROM BASIC

FLECHT SEASET NATURAL CIRCULATION AND REFLUX CONDENSATION TEST DATA

Derived Thermal-Hydraulic
Quaritity Method Used - Code Location

Flow regimes Photographs and appropriate Test vessel upper
data plenum, steam

generator nodal
,

plenum

Steam generator film SGFLUX Designated steam
coefficients and heat generator nodal
fluxes positions

cm

b3

!
-

;

i

i

1

i

a
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20616 37

PERFORM TEST AND
COLLECT DATA USING

SEL 32/77

U

WRITE DATA FROM
DISK TO TAPE

u TRANSMIT
TO MNC

RUN COMPUTER CODES
FLOOK AND PLOT ON
SEL 32/77 FOR OUICK
EVALUATION OF TEST
AT EXPERIMENT SITE

I

PERFORMED AT THE '

FOREST HILLS SITE

n

_____________ _ _____ ___

u

PERFORMED AT MNC

1r

CATALOG DATA FILE GENERATED BY SEL 32/77 AT TEST SITE
ON POWER SYSTEMS COMPUTER CENTER (PSCC) SCIENTIFIC
MAINFRAME (EITHER CDC 7600 OR CRAY-1), EXECUTE DATA

REDUCTION AND DATA EVALUATION CODES

Figure 8-1. Logical Sequencing of Computer Codes
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Rate of condensation of vrp;r in the primary loop hot 1;gs due to heat stor:g2--

effects and heat losses to the ambient

The above named variables, as well as flowrates, system mass balance, system energy

balance, and other selected parameters were displayed in both graphical and tabular

output forms.

8-2. DATA ANALYSIS AND EVALUATION

The test data will be evaluated to determine the effects of various system parameters
on the natural circulation and reflux heat transfer performance of the SET facility.

The parameters considered include bundle power, primary side pressure, loss of
secondary side heat sink, injection of noncondensible gases, and cold leg and upper

plenum (UHI) ECC injection. These tests will serve a twofold purpose: to provide a
better understanding of the systems behavior associated with the natural circulation
and reflux condensation phenomena, and to provide a data base for an improved steam

generator performance model.

During natural circulation testing, the primary loops operated in one of the following
cooling modes: one-phase natural circulation, two-phase natural circulation, or reflux
condensation. During a given test, the operating conditions within the primary loop
could vary over two or all three of the aforementioned operating cooling modes.
During the two-phase and reflux condensation cooling modes, flow regimes were
recorded using high-speed motion picture cameras and enhanced photographic
techniques. These data were recorJed at the test section upper plenum and at the inlet

plena to the steam generator simulators.

8-3. PREDICTIVE MODEL FOR PLECHT SEASET NATURAL CIRCULATION TESTS

The objectives of the natural circulation predictive model are to predict the transient
flow (single-phase and two-phase) properties in various loop components of the natural -

circulation test facilities and the overall heat transfer behavior in the steam generator

U-tubes. The model is ex'pected to be applicable to ell intended operating cooling
modes of the natural circulation tests including single-phase tests, two-phase tests,

reflux condensation tests, and tests with water or helium gas injection.

8-10
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For all intended operating cooling modes of the natural circulation tests, the bundle

core was covered by subcooled or boiling water (that is, no heater rod dryout was
anticipated). Hence the core heat releese can be well approximated by the heater rod

power. Also, once the loop component surface temperature and insulation surface

temperature were measured, the component heat loss could readily be calculated by a
simple conduction model. Since similar calculations have been performed in the mass:

and energy balance program described in paragraph 8-l, to avoid redundancy of effort
the core heat release and component heat loss were input from the results of the mass
and energy balance program.

One-dimensional, two-phase, three-field (liquid water, steam, and helium gas)
conservation equations (mass, energy, and momentum conserv'ations) will be
developed. The conservation equations are supplemented with drif t-flux relations, flow

regime maps, heat transfer correlations in the steam generator U-tubes, and equations

of state. A literature survey will be conducted to determine the most appropriate
models for these supplementary equations and correlations.

.

The conservation equations are approximati.. by implicit finite difference equations.

[ The finite difference equations developed are in general nonlinear; hence an iterative

technique will be emplnyed to solve these equations and to calculate the flow split
between the broken and intact loops and the flow split in the steam generator
U-tubes. A computer code FSNCP (FLECHT SEASET Natural Circulation Predictions)
will be developed to perform these calculations.

1

i

Finally, the predictions will be com/ared with the natural circulation data and
data-based quantitles in order to verify the model and to identify areas where model
improvements are required.

,

8-11
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SECTION 9
|

TASK SCHEDULE
r

'

Tcble 9-1 is a list of the major milestenes for this task. It is expected that the final
i combined data and data analysis and evaluation report will be published by March 15,

1983.

i

:

i

)

4

|

!

|'

|

.

h

1

9-1
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1

l

1

TABLE 9-1

FLECHT SEASET SYSTEM EFFECTS TASK

MAJOR MILESTONES 1

I

Months

After Contract

Milestone Start Date Calendar

Number Milestone (7/1/77) Date

El initiate test planning and 14 9/1/78
fac..:'ity modification design

study

E2 issue draft task plan for 22.5 5/15/79

review

E3 Complete facility design 43 2/1/81

and major procurement

E4 Complete facility modifica- 49.5 8/24/81

tion and initiate shakedown

testing

E5 Complete shakedown testing 56.5 3/15/82

E6 Complete testing 59.5 6/15/82

'

E7 Complete combined draf t 66.5 3/15/83
data and data analysis

and evaluation report

9-2
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j APPENDIX A

| WORK SCOPE
|

The following work scope details the objective and subtasks of FLECHT SEASET
! Task 3.2.7, Systems Effects Task.

OBJECTIVE
t

Obts.in and evaluate data on the effects of bundle, component, and system parameters

upon reflood, natural circulation, and reflux condensation thermal-hydraulic behavior in
systems effects tests.

SCOPE

1. Perform a design modification study of the FLECHT-SET facility that includes
consideration of:

a. The AEC Task Force report on FLECHT-SET Phase B (ref: report transmitted
! from H. Sullivan to S. Hanauer, V. Stello, R. Smith, and L. S. Tong,
i

I "FLECHT-SET Report," April 18, 1974)

b. The results of a study to further understand two-phase separation, entrainment,

and liquid fallback mechanisms in PWR upper plenums. This study will include

performing a literature search and analytical scaling studies to examine
two-phase separation, entrainment, and fallback mechanisms.' Scoping
experiments will be recommended and, if necessary, performed to support this

study. A scaling rationale for the FLECHT SEASET upper plenum will be
developed by considering the following:

-

1) The results of the literature search and the scaling studies

|
|

2) The FLECHT SEASET system scaling constraints

t
i

A-1
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c. Redundant instrumentation, such as gamma densitometers, liquid level

detectors, and Storz lenses

d. Provision for testing the effects of noncondensibles on natural circulation and
reflux condensation system behavior

Single-phase, two-phase, and reflux boiling (condensation) natural circulatione.

systems effects tests with upgraded steam generator instrumentation and
feedwater flow capability

2. Modify the existing FLECHT-SET facility to include the changes mutually agreed to

by the PMG af ter review of the Task P-lan.

3. Procure and install instrumentation to determine the bundle inlet flow rates, bundle

axial void fraction and fluid mass storage, bundle energy balance, upper plenum

mass storage, nonequilibrium conditions at bundle and steam generator exits (using

steam probes), steam generator heat release rates, steam generator tube wall

temperatures, steam generator secondary side temperatures and flows, system

energy and mass balance, and system fluid distribution.

4. Design, procure, and instrument a bundle that includes heater rods and a housing.

5. Perform system calibration, instrumentation calibration, facility checkout, and

f acility shakedown tests.

6. Perform natural circulation and reflux condensation tests to investigate the effects

of bundle, component, and system parameters on the system thermal-hydraulic

behavior.

'
7. Review and validate the data.

8. Reduce the data to obtain derived quantities such as bundle inlet flow rates, inlet !

fluid enthalpy, system pressures and pressure drops, steam generator behavior as a

heat sink, amount of two-phase separation in the various system components, and
j

f the system mass and energy balances.
!

A-2



9. Process and store transducer data on computer tape.

10. Prepare a combined data and data evaluation and analysis report for the natural

circulation and reflux condensation systems effects tests, including uncertainty
estimations for both data and derived thermal-hydraulic quantities.

I 1. identify the two-phase flow regimes occurring during two-phase natural circulation

using photographic methods and other appropriate data. Where possible, identify
the heat transfer regimes and mechanisms that occur within the steam generator

and system and compare to existing heat transfer correlations. If necessary and
possible, propose improved heat tranuer correlations in the steam generator.
Compare the natural circulation test flows with simple lumped parameter models
of the system.

12. Evaluate the following:

a. Stability of the system with different modes of natural circulation and reflux
;

condensation

b. Effects of different bundle, component, and system parameters on natural
circulation and reflux condensation heat transfer

c. Similarity between FLECHT-SET, Semiscale and, if available, the Kraf twerk
Union 340-rod experimental data

d. The flow regimes that exist in various system components using movies,
photographs, and appropriate data

13. Develop a predictive model using a drift flux formulation to predict the natural
circulation experiments.

A-3
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APPENDIX B

FLOW RESISTANCE CALCULATIONS

Flow resistance coefficient calculations were made in the FLECHT SEASET systems
cffects reflood and natural circulation test facility as part of the original scope in this
task. The purpose of these calculations was to size the total loop resistance of the test

facility to those values representative of a Westinghouse four-loop PWR (SNUPPS plant
viith Model F steam generators). Table B-1 summarizes these results. The flow
resistance coefficient calculations were based on the hot leg dynamic head. The cold

leg coefficients were corrected by the ratio of the hot leg to the cold leg densities
during reflood.

As discussed in section 4, the scaling of the FLECHT SEASET systems effects test
components and loop piping were based on the ratio of the PWR core flow area to the

flow area of the 161-heater-rod bundle, resulting in a scaling factor of 307. The system

elevations and loop piping lengths were preserved as closely as possible. Figures B-1 and

B-2 ahow the plan view and the elevation view, respectively, of the reflood test facility,
including loop piping lengths and elevations referenced to the bottom of the rod bundle

hsated length.

|

B-1



- - - =_ ---
_,

i

. TABLE B-1
.

SUMMARY OF FLECHT SEASET SYSTEMS EFFECTS REFLOOD j

TEST RESISTANCE CALCULATIONS
.

Component Flow Resistance Coefficient K(a)'

Unbroke n loop (upper plenum to downcomer) . PWR- FLECHT SEASET Facility )

Hot leg 0.31 2.48

Steam generator 7.88(b) 8.39(b)

Pump loop seal 21.68(b) 13.00(b,c)

Cold leg 1.18(D) 7.17(b)

Broken loop (upper plenum to containment)

Hot leg 0.31 3.81

Steam generator 7.88(D) 3.81(D)

Pump loop seal 21.68(b) II.89(b,c)

Cold leg 0.22(b) 6.02(b)

TOTAL 30.09 30.08

Crossover leg 11.68 II.27(d)

a. All resistance coefficients are referenced to the hot leg dynamic head.

b. Corrected for density difference between cc!d leg (superheated steam) and hot leg

(steam-water mixture) ,

c. Includes flow resistance orifice plate values to make total loop resistance equal to

that of a PWR

d. Includes bottom of downcomer, lower plenum, bidirectional turbine meter, and J

flexible hose
!
t

>
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| APPENDIX C
J

|

REVIEW OF TEST PARAMETER RANGES

Correspondence with Combustion Engineering, Babcock and Wilcox, Exxon, and EG&G

rIgarding test parameter ranges for reflood experiments is reproduced on the following
p:ges.

This information is included in this task plan to fulfill a commitment made in the
criginal scope of the system effects task, although it is not pertinent to the natural
circulation tests.

l

|
|
1

4

1

C-1

- - .- _ _ _ _ = _. . - . _ . _ . _ -. ___



~ -

Combost.on Engineenng Ir Te 203 688-1911
1000 Prospect H,ll Road Te1em 9 9297
Windsor Connecticut 06095

M COMBUSTION .

ENGINEERING

November 30, 1977

Mr. H. W. Massie
FLECHT-SEASET Project Engineer
Westinghouse Electric Corporation
Box 355
Pittsburgh, Pennsylvania 15230

Dear Mr. Massie:

In response to your letter of October 12, 1977 I have enclosed comments
on the proposed FLECHT-SEASET program. Note that the best estimate
conditions listed in the attached tables are values based on calculations
using best estimate input parameters and LOCA Evaluation Model codes.

I have also enclosed information contained in CESSAR on the System 80
steam generator. I hope this information will assist you in planning
the FLECHT-SEASET tests.

Sincerely,

$.~ Y ,-,

ames H. Holderness
ECCS Analysis

JHH:jdg
Encl.

1

P
|
|
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TABLE 6

17 X 17 Ill0CRr0 TESTS

Nominal L!! Condition ; Preferred Rance of Condition

1. PARAMETER

Flooding Rate 3.24.7 in/sec same as unblocked
variable in steps over 65 secondr.

"
Pressure 24-32 psia

"

Peak Power at BOC 0. 7 kw/ f t

ECC Water Subcooling 100 F a

,

Rod Initial Temperature 1200 F "

at BOC

& Blocked
% Blockage (AUnblocked) 20-90%

% Bypass * 90% 0-90%

2. SPECIAL TESTS Same as unblocked

3. COMMENTS ON INSTRUMENTATION steam prove measurement in blocked subchannel and comparable unblocked
subchannel location

,

!

4. AflY ADDITIONAL COMMENTS 3-zone blockage capability, e.g. 90% blockage (four subchannels)
'

50% blockage (50% of bundle)
0% blockage (remainder of bundle)

* Definition: Percent Bypass - Percent of Subchannels which are unblocked; e.g., 05 = uniform coplanar' blockage.

_ _ _ _ _ _ _ _ _ _ _ _____ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _
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Tant.E 7

17 X 17 llN01.0CKEI) TESTS

j Nominal Nominal Preferred Range
EM Condition JLE _Condi tion _ of Conditions-

,

1. Parameter
.

. - Flooding Rate 3.24).7 in/sec 6 1.1 in/sec 0.5-6 in/sec, constant &1

variable in steps over 65 sec continuously variable variable in steps
over 65 sec continuously over sec

- Pressure 24-32 psia 30-50 psia 20-60 psia,

- Peak Power at B0C 0.7 kw/ft 0.6 kw/ft 0.3-1.0 kw/ ft

- ECC Water Subcooling 5100 F 100-0 F 0-150 F
variable over 200 sec constant & variable,

- Rod Initial Temp. 1200 F 1000 F 300-1600 F
at B0C

2. Special Tests- 1) reflood rate variable in steps and continuously over 45 second period
,

; ii) time-varying enthalpy from maximum subcooling to saturation over 400 Second period

4

3. Comments on redundancy in steam probe measurement at each elevation
Instrumentation

i

4. Any Additional'

Comments
| .

. _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 6

STEAM GENERATOR SI:PAPATE EFFECTS TESTS
1

Nominal EM lioniinal lif Preferred Range
Conditions ConditInns of Conditions

1. PARAMETER

2 2 2
- Inlet Primary Steam 4-5 #/ ft -sec 2-3 /// i t -ner 1-5 #/ft -sec

Flow

- Inlet Primary Quality 1.0 0.3 0.1 -1.0

- Primary System 24-32 psia 30-50 psia 20-60 psia

Pressure

- S.G. Secondary 1060 psia 920-1000 20-1200

Pressure

; - S.G. Secondary Level tubes covered tubes covered tubes covered a
partially covered

- S.G. Secondary 550 535-545 230-570
Water Temperature

,

2. SPECIAL TESTS

i

: 3. COMMENTS ON
j INSTRUl!ENTATION

4. ANY ADDITIONAL'

COMMENTS
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, TABLE 5.5-2

STEAM GEf4ERATOR PARAMETERS (I)
|
|

| ilumber of Units- 2

9
| -- Heat Tre.nsfer Rate, each, Btu /hr 6.512 x 10

Primary Side

Coolant hiet Tenparature, F 621.2

Coalant C -let Tenperature, F 564.5

6Coolant Fi:. Rate, each, lb/hr 82 x 10
3Coolant 'lalu e at 53'F si:h , ft 2158

Tube Sirs,::. ' . 3/4

Tube Thi:kress, in., .:-'.il .042

Secondary Side

Steam Pressure, psia 1070

6Steam Fi 0.ste (at .In cistere) each, Ib/hr 8.59 x 10

Feedwater Ts~:eratu a et 'ull oower F 450

fiois'ture Carryo.ar, ..si?.t percent maximum 0.25,

Primary Inlet !!azzle, i.0/IO,in. 1/42

Primary Outlet i;ozzle, |4c/10, in. 2/30

Steami;ozzle,io/ID,in. 2/28

j Feedwater flozzles, flo/ Size /Sch. 2/14/80
8'

.

Auxiliary Feedwater tiozzle, flo/ Size /Sch. 1/6/80

Overall Hegt Transfer Coefficient ( es tima ted) ,OBtu /hr-It F 1728 P,

i

(1) Perforcance parameters are based on full power operation. See Table 5.3-2 also.

Amendment tio. 8
October 7,1974

4
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Babcock &Wilcox ro-e ce eret.e c ovo

P.O Bon !?63. Lyn:hberg, Va. 245;$

Telep%9e: (804) 384 5:11

November 11, 1977

H. W. Massie, Jr.

Wastinghouse Electric Corporation
B:x 355
Pittsburgh, PA. 15230

D2ar Mr. Massie:

I regret our delay in responding to your letter of October 12
requesting proposed test conditions for the unblocked, blocked, and
stsam generator separate effects FLECHT tests.

We have reviewed the nominal or reference conditions and ranges
of conditions given in Tables 1-5 of the attachments to your request.
Wa are in general agrettent with the proposed conditier.n and have no
further cc=nnts in that regard.

As also requested, we have' reviewed Tabics 6-8 of the attachteints
cnd have provided nominal EM values and suggested ranges of conditions
for the listed parameters.

.

I hope that this information can be of value to you in designing
the test program. If you require clarification or have need of further
information,,please feel free to contact me directly.

Sincerely,

5
J. J. Cudlin, Manager
LOCA Methods Unit
Technical Staff

JJC/bm
Attcchments

_ _ _ _ _ - _ _ _
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TABLE 6

17 X 17 BLOCKED TESTS _

Nominal EM Conditien- Preferred Range of Condition

1. PARAMETER

Flooding Rate in/s 1.5 8 to 6

Pressure psia 40 25 to 50
1

Peak Power at BOC Kw/f e 0.8 0.5 to 1.0 }

ECC Water Subcooling F 100 50 to 150
try one at O

Rod Initial Temperature
at B0C F 1200 600 - 1600

A Blocked
% Blockage ( A Unblocked) 60% 10: _ 7og

% Bypa5S Not Available

2. SPECIAL TESTS

3. COMMENTS ON INSTRUMENTATION

4. ANY ADDITIONAL COMMENTS

_ ._ _ . _ _ . _ . . . ..
.

._

_j
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TABLE 8

STEAM GENEPATOR SEPARATE EFFECTS TESTS

Nominal EH Nominal BE Preferred Range
'

Conditions Condit1ons of Ccn:41tlens

l. PARAMETER'

- Inlet Primary Steam
flois Ibm /sec 150 150 50 - 200

1 - Inlet Pr1 mary Quality 3g
% 50 30 _ 100

; - Prtr.ary System
Pressure Psia 40 40 25 - 50

!

- S.C. Secondary
470Pressure fe 470 250 - 1000

| - S.G. Secondary Level 20 20 16 - 26tt

- S.G. Secondary
j Water Ternperature 460 460 400 - 540o -

g

$ 2. SPECIAL TESTS

I
3. COMMI:llTS Cil

lilSTR'Jt:EMTATION

4. ANY I.",DITIONAL
i Cot 2" :TS

_ _ _ _ _ _ _ _ _ _ _ _
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E$N NUCLEAR COMPANY,Inc.
I

2101 Horn Rapids Road
' P. O. Box 130. Richland, Washington 99352
Phone: 4509) 943-8100 Telex: 32623

| WVK-77-6 November 15, 1977

Mr. E. H. Davidsc,

Division of Reactor Safety Research
Nuclear Regulatory Commission
Washington, D.C. 20555

,

Dear Mr. Davidson:

Exxon Nuclear has the following comments regarding the proposed FLECHT-
SEASET tests (Westinghouse letter SPM-77-665 of October 12,1977):

1. The reference test conditions for blocked and unblocked tests
presented in Tables 1 and 3 are acceptable.

2. The range of test conditions for the blocked and unblocked tests
are acceptable except for two parameters, the peak power and
the coolant subcooling. The maximun peak power appears to be
too high. We suggest a maximum of 0.8 Kw/ft. Also the coolant
subcooling should range between 50 and 180 F.

3. The range of conditions for the steam generator separate effect
tests are acceptable except for the secondary side pressure and
temperature which should have lower limits of perhaps 200 psia
and 382 F.

4. A useful separate effects test would be to model the upper
plenum region of the fuel rod and to measure the response of
wall temperature and fill gas temperature with time. The upper
fuel rod plenum cundition is a very sensitive parameter in ;

:

determining rupture conditions of the fuel rod during a LOCA.

5. Measurements of droplet density and size near the upper tie
plate (11 to 12 ft elevation) would be helpful in predictions
of fallback into the core as well as heat transfer to the upper
fuel rod plenum.

s

._. _ .- - - .
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Mr. E. H. Davidson -2- November 15, 1977

6. For the flow blockage tests, ENC would like to see the experiments
made with 20-70% of the flow channel blocked.

Sincerely,

&fCL ;1'.
Dr. William V. Kayser
Nuclear Safety Engineering

WVK:mh
cc: Mr. H. W. Massie, Jr.

1

!

l
,

_ _ _ _ _ _ __-



! bbEb Idaho, Inc.
r O b. * * *

Idaho Fans laanc 8342'

October 14, 1977

fir. R. E. Tiller, Director

Reacter Operations and Programs Division
Idaho Operations Office - DOE
Idaho falls, Idaho 83401

"BEST ESTIllATE" DESIGil DATA FOR FLECIIT-SIASET TEST FACILITIES -
Stig-293-77

Ref: G. H. Johnsen, et. al. , / Cor parison of "Best-Estimate" and
" Evaluation Model" LOCA Calculations: The BE/EM Study, EG&G
Idaho Inc. , PG-R-76-009, Decen'ber 1976

Dear 14. Tiller:

At the August 30, 31, 1977 FLECliT-SE ASET Program lianagement Group
meeting, EG&G Idaho, Inc. was asked to provide " Dest Estimate" type
data to aid in the design of the several test facilities of that
program. Specifically, the following infomation was requested for
a four-loop PWR:

1. Total core power at the beginning of reflood.

2. Core inlet, equivalent forced-feed, flooding rate (inches per
second) as a function of time throughcut the reflood period.

3. Upper plenum pressure as a function of time during reflood.

4. Representative fuel rod axial temperature profile at reflood
initiation.

5. The subcooled temperature of the liquid at the core inlet as a
function of time during reflood.

4

The following information is our response to the subject request.
It is our understanding that Westinghouse (Test Contractor) is
asking for max-min type data with which to size the test facilities
rather than specific tests to be performed. Depending upon the
specific parameter under discussion, "Best Estimate" type pre-
dictions would dictate the limit of one end of the test range (Maxi-
mum or minimum) and licensing criteria the other extreme (minimum
ormaximum). Westinghouse will establish the licensing limits based,

on data from the several PWR vendors (i.e. L CE, B&W, etc).

As your are aware, there are currently no universally accepted cri-
teria as to what constitutes a " Dest Estimate" analyris of a PWR.
Further, because current codes are in a developmental stage, it is
son'etimes necessery to perform analyscs in ways that cannot be proven
to be prototypical at this time. Thus we must state that while the
following information is based on our evaluation of calculations from
current CE codes and constitutes our best judgement as to the desired

,

,
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R. E. Tiller
j Stig-293-77

Page 2

data, those data are not without sone uncertcinty. It is our recommen-
dation that Westinghouse provide healthy contingencies over and above the
"Best [ stimate" data reported herein. Where possible, we have indicated
what constitutes, in our judgement, rea:;onable contingencies.

I. Total Core Power at the Beginning of Reflood
t
' The blowdown, "Best Estimate" analysis of the reference shows that

reflood starts at approximately 39 seconds after rupture. The assump-
tions used in that analysis are identified in the reference. Briefly

these were:
;

'
l. Rated power (3238 W) at rupture (Zion.I).

2. ANS standard decay heat profile.

3. The fuel condition was defined in terms of "most probable state",
which translates to a middle-of-cycle, equilibrium condition

j

|
(Initial peak power = 10.91 KW/ft).

4. SCPM cccurs.<

5. Nominal containn.cnt pressure.

Based on the above, the total core power at reflood initiation would be:

3238 W PF = (3238 x 0.04) = 129.5 WANS

In our judgement, future improvement of the analytical process and tools
; could affect the calculated time of reflood by up to +5 seconds. Based
: on these criteria, the test facility should be capabT of simulating a

total core power (SE) at reflood initiation of:'

(3238 W) (0.041)(3238 W) (0.039) < Total Core Power <!

|
126.3 W 5 Total Core Power 5 132.7 N

II. Core Inlet, Equivalent Forced-Feed Flooding Rate

Several " Dest Estimate" studies of a prototypical plant have been
reviewed in order to develop the desired data. The majority of these ;

studies came from the reflood follow-on effort of the reference. This
effort has not been fonnally documented to date. All of the studies |

reviewed used gravity reflood models thus the core inlet flow was oscilla- '|tory in nature. Concerning the period and amplitude of these oscillations
we recognize that there is a peasure of uncertainty about the protypicality
of the calculated values. However, it is our judgement that equivalent
forced-feed flooding rates reduced from the calculated data base can be used
as guides in the subject test facility design.

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



R. E. Tiller
-Stig-293-77

| Page 3

| :

As a result of our review, we conclude that a st' pped flooding ratee
| of 6 inches per second for the first 5 seconds and 4 inches per second

thereafter, rrost nearly represents tige composite calculated results,
However, because of the stated uncertainty in the analytical tools,
we feel that the test facilities should have the capability for both :
stepped and constant flooding rates up to 8 inches per seconds. We do
not wish to discourage Westinghouse from designing for flooding rates
higher than 8 inches per second, but feel such a decision rests on the
degree of increased cost associated with this additional capability.

III. Upper Plenum Pressure

The following information was developed from the sane calculated data
base as was the flooding rate discussed in Section II and is, there-
fore, subject to the same uncertainty identified in that section. In
the subject studies the upper plenum pressure was also oscillatory;
however, because the local (short duration) oscillations are a result
of gravity-feed phenomena, not simulated in the FLECHT-SEASET separate
effects tests, a smoothed profile is a nore appropriate design base for
those test facilities. The profile developed from the source studies is
shown in Figure 1. Please be aware that we are not saying that Figure
1 is "The Reflood Profile", but rather we conclude that:

1. The test facilities should have the capability of programing
a desired upper plenum pressure profile.

|

2. The current "best estimate" pressure level at reflood initiation
is 40 psia for a Zion type four loop plant.

3. The test facility should have the capability to vary the upper
plenum pressure over a 15 psi (minimum) range during reflood.

.

%

!

_ _ _ . _ _ . _ _ . _ _ _ _ _ _ - _ _ _ _ _ ._ __.. _.- . . _ . . . . _ _ _ - , _ _ _ . . , _ . . . . _ . . _ _ . _ - . . _ , _ _ . . . . _ . ._ _
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IV. Fuel Rod Axial Teng,erature Profile at Reflood Initiation

lhe average core ter..perature profile developed from the "Best Estin. ate"
blowdoun/ refill study of the reference is shown in Table I,

TABLE I_,

Elevation fuel Red Surface Elevation Fuel Rod Surface(ft) Temperature ( F) (ft) Temperature (*F)

0 550 7 971
1 685 7.8 980(Peal)
2 840 8 978
3 893 9 961
4 917 10 910
5 937 11 780
6 956 12 530

,

The data in the table indicate that at reflood initiation, the tempera-
ture is slightly skewed toward the top. This condition appears to be
result of hydraulic phenomena rather than the rod power profile (approxi-
mately symmetrical about the 6 foot elevation) and may or may not be
prototypical. Again v.e do not wish to imply that Table I defines "The
Profile". Rather we conclude that the test facility design should
provide for:

1. peak heater rod temperatures as low as 900 F.

2. Heater rod temperatures at the top and bottom of the rod as low as i
500 *F.

It is our understanding that the shape of the axial temperature pro-
file in the test facility heater rods is a direct function of the
heater element wrap design. Thus to vary the temperature profile,
significantly, a different heater rod design is required for each
desired profile. In terms of heater equipment cost, it may be pro-
hibitively expensive to provide the capability for more than one
initial temperature profile. If this is indeed the case, we recommend
that the cosine profile used in the FLECHT-SET test program be continued
in this program. However, we would also suggest that serious con-
sideration be given to using the skewed profile of FLECHT-SET in
addition to the cosine profile.

I

V. Core Inlet, L_i_ quid SubcooQng P_rofile Puring Reflood

It is our understanding that Westinghouse is asking for information
regarding the bulk liquid temperature response in the lower plenun during
reflood. Of all the data reauested, this information has proven to be

. . _ - . - - . . . .
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the nost difficult to predict. The subject response depends on such
ite . as the point cf ECC injection (upper plenum, cold leg, etc.),
the ECC subccolina at point of injectinn, system pressure response,
assumed steau/woter mixing at point cf injection, etc. If Cne assumes
minimum steam / water mixing at the point of injcction, and minimum short-
term heat transfer in the injection path (downcomer, etc.), then our
calculations indicate that the lower plenum bult liquid subcooling can
increase from zero at reflood start to that at the point of ECC injection
within 50 to 70 seconds after reflood initiation. If on the other hand
one assumes that considerable steam is generated and available at the
point of injection, that this steam is well mixed with the injected ECC
upstream of the lower plenum, and that considerable residual heat is
extracted from the injection path (wall hcat),then it is possible to
foresee zero subcooling in the lower plenum throughout most of the
reflood. Until such time as our anclytical tcols and the experimental
data on which they are based are inproved, we can only recommend that
the capability for considerable subcooling be provided in the test
facility design. We feel that 140 'F of subcooling is historically
significant and is, therefore, appropriate in the absence of other cri-
teria. We further reccomend that the test facility be capable of providing
a smoothed subcooled profile ranging from zero at reflood initiation to
full subcooling some 50 to 70 seconds after reflood initiation. It is
our judgement that such a capability should allow for the proper subeaoling
profile at such time in the future as that profile can be determined with
an acceptable degree of certainty,

Very truly ,yours,

-) /
/>,

[ '/. s: '("77 .. L . .,
R. 'R. 'Stiger, Manader
Reactor Behavior Division

Gell:sw

cc: E. H. Davidson, NRC-RES (Proj. Manager) - 3
R. W. Kiehn EG&G Idaho, Inc.

,

1

.
.
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:APPENDIX D i

UPPER PLENUM DESIGN ASPECTS
|

D- 1. IMPORTANT PHENOMENA

Fluid flows in an upper plenum are considered in this appendix, to point out important
phenomena to be simulated.

Designing an upper plenum model requires knowledge of the behavior of vapor and water

droplets in the upper plenum. Knowledge of the flow of entrained water is especially
important, to study the possible phase separation in an upper plenum. Droplet
trajectories in a real upper plenum (Trojan) were calculated at INEL, as shown in
figure D-1. This figure shows that there are roughly two flow regimes: axial fluid flow
and cross flow.

It will be helpful to consider every possible route which a water molecule in an entrainea

droplet may take in the upper plenum. Possible paths of water in the plenum are
summarized in figure D-2. No condensation of vapor in the upper plenum is assumed.

Liquid water is removed from the upper plenum by evaporation, flowing through the hot
leg, or fallback, if possible. These water sinks are shown as shaded boxes in figure D-2.
Evaporation in the upper plenum was analyzed at INEL,( and it was found that the
evaporation was negligible after a few seconds in reflooding (figure D-3). Staying on
the walls or the upper core plate is of no importance in studying the various transitions

of water. The remcining paths in figure D-2 are considered to be important in analyzing

the phase separation in the upper plenum. Therefore they are discussed in the following
paragraphs.

Each box of importance in figure D-2 is numbered for the convenience of discussion.

Most water molecules in entrained droplets introduced in to the upper plenum will impinge

1. Benedetti, R. L., et al., " Potential Influence on Three-Dimensional Ef fects on PWR
LOCA Behavior," TREE-NUREG-1031, February 1977.

!

D-1
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on the solid walls of the upper plenum internals, wall, and ceiling [ paths 1-2-6 or

(1-2-5)n-6]. S me f the water will go to the hot leg or upper core plate directly. Those
impinged water particles may take either of two routes: return to the space as a part of
a shattered smaller droplet (7) or deposit on the wall (8). The particles returned to the

space are in the state of box 1 and may take any s'3, sequent paths (7-1-2, 3, or 4).
Water deposited on a solid surface may be reentrained into the space by either steam

flow or gravity (9). Remaining water will eventually flow down the wall to end up on the

upper core plate (10). Water on the upper core plate may be reentrained by coning or
bubble burst (11). If a froth layer is formed on the upper core plate, then water on the

plate may flow directly into the hot leg by either the growth or oscillation of the froth
Icyer (12). The water may also flow back in to the core, depending on the vapor flow
condition at the upper core plate (13).

Several physical phenomena must be understood to anal)2e the transitions discussed

above. Paths 1-2-6-7 or 8 are mainly concerned with droplet impingement on the walls.
Routes 8-9 and 8-10 during a cross steam flow are related to the fluid flow around the

cylinder and possibly to the flow separation effect. Path 10-11 is related to the
entrainment phenomenon at the top of a froth layer or coning. Route 10-12 is related to

the froth layer formation and flow oscillation. Routes 8-9 and 8-10 during an axial flow
are related to the two-phase flooding phenomenon. Route 10-13 is also relatea to
flooding.

The above considerations show that the most important phenomena in the upper plenum

are flooding, phase separation by rods (with various approaching angles of flow), and
froth formation at the upper core plate. All three phenomena will affect the droplet
size distribution in the upper plenum. Flooding is an important phenomenon in both
phase separation in the upper plenum and water f allback to the core. Phase separation

by rods is coupled with flooding and includes complicated procedures of deentrainment
cnd reentrainment. Repeated deentraining and reentraining give a cascade

phenomenon. The froth buildup may affect fallback, water flow in the hot leg, and the
|rate of reentrainment and deentrainment, but the froth is governed by the fluid flow

through the upper core plate and water deentrainment in the upper plenum. Flow
through the upper core plate is a control factor governed by the core flow, and water |
deentrainment is mostly controlled by flooding and phase separation at walls. Therefore,

D-5
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it is considered that flooding, phase separation at rod;, and froth buildup environment

are the phenomena which must be simulated in the upper plenum.

j Flooding is related to the axial flow; the phase separation at rods is related mainly to
the cross flow. The cross flow in the upper plenum can approach the walls with varying

angles, as shown in figure D-1. A preliminary result by Barnard, et al.,(I) showed no

significant approachi.ig angle effect. Therefore, only the cross flow which impinges on

rods with a right angle will be considered.

D-2. , loodingF
_

W allis showed that the correlation for flooding in vertical tubes may be expressed as

1/2 ,l /2
j + mj =C (D- 1)
9 f

where
~

-1/2.* .
1/2 '[ b - c g ),J=Jog gg y

~

1/2.* . 1/2
-

-

9)_J = J of gD (c -p
g g f

j = mass flux (gas flux: upward; liquid flux: downward)

D = tube diameter
m and C = constants which depend on a nonoimensional parameter Ng

~ 3
~

1/2-p )f(p g q_gD p
,

"f

1. Barnard, D. H., et al., "A Preliminary Investigation of Two-Phase Flow Behavior
Related to the Upper Plenum of a PWR," paper presented at the Sixth Water
Reactor Safety Research Information Meeting, Gaithersberg, MD, November 6-9,
1978.

2. Wellis, G. B., One-Dimensional Two-Phase Flow, McGrew-Hill, New York,1969.

D-6
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A dryout condition (no liquid downflow) is presented by Wallis as

! .
j=C (D-2)g

where C ranges from 0.7 to 0.9. These correlations were developed from experiments
using tubes with small diameters (3/4 to 1-1/4 in.). These correlations show that

; flooding depends on the pipe diameter.

Pushkina and Sorokin ran a series of experiments to study the dryout phenomenon.
They used two water feeding methods: a porous wall at the midsection of a long tube
and a water tank at the top of a tube. The results showed that a dryout could be
predicted by the Kutateladze criterion:

}9 gifa9K= = 3.2 (D-3)
9e(p y-pq)

for tubes with a diameter between 13 and 309 mm. They also performed the test by

changing the water level from 5,0 to 500 mm in the top tank of the second feeding
method. The results showed no practical difference in the magnitude of the critical air
velocity. Recently Dukler, et al.,2) presented a physical basis for the Kutateladze

criterion considering a force balance of the largest stable droplet. The minimum gas
velocity required to suspend a drop is determined by the following force balance:

1/2 C D *
P f" Dgd gg

l 1. Pushkina, O. L., and Sorokin, Y. L., " Breakdown of Liquid Film Motion in Vertical
Tubes," Heat Transfer - Soviet Research 1, No. 5, pp 56-64, (1969).

2. Dukter, A. E., et al., "Two-Phase Interactions in Countercurrent Flow Studies of the
Flooding Mechanism," Summary Report No. 2 for the USNRC, University of
Houston, December 1977.

D-7'
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1

where d is the droplet diameter and C s thm drag coefficient around the drop. The drop
d

size is determined by the balance of forces that try to shatter the drop and surface
! tension forces that hold the drop together. Hinze(I} showed that the average drop size is

!

d= "c (D-5)

p V
99 ,

,

1

where We s the critical Weber number. From equations (D-4) and (D-5), the gas
c

velocity to support the stable drop is given as j

1

1

/4We [ og (p f - pq)f!)T T
I |" ~

( d) i o
9

,

'

Equation (D-6) is essentially the same as equation (D-3) with the constant (4Weg3C }d

= K. This Kutateladze criterion does not depend on the pipe diameter. This|

independence of geometry was well reasoned by Pushkina and Sorokin as fo!!ows:
Observations indicate that the critical velocity of the reversal of the film's motion is
determined by the conditions of the interaction between the gas flow and the discrete

protuberances of the liquid which occur on the tube wall during the development of the
flooding phenomenon. These protuberances have the form of crests whose dimensions do

not depend on the tube diameter. This observation is consistent with the Dukler model
if one visualizes the crest of the waves on the film as being supported (if not shattered

into the gas core) by the gas stream in a manner similar to the support of the liquid
droplets. In fact Richter (2} applied force balance on waves and obtained the following

relation:

1. Hinze, J. O., " Fundamentals of the Hydrodynamic Mechanism of Splitting in
Dispersion Processes," Am. Inst. Ch. Eng. J.1, pp 289-295, (1955).

2. Richter, H. J., " Air / Water Annuli Flooding Experiments," paper presented at the $

Sixth Water Reactor Safety Research Information Meeting, Gaithersburg, MD,
November 6-9, 1978.

l
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K = 3.5 (D-7)

He also showed independence of flooding conditions on channel geometries. Jacoby ana
Mohr ) ran a series of air-water tests using Westinghouse upper plenum internals anaII

| upper core structure, and found the flooding was well correlated by two Kutateladze
j numbers, K and K , which are defined as

9 g

- ~

-1/4
K=j /2 ga(p ,- p ) (D-8)

l
~ -l/4-

K = j og /2 go( g- ) (D-9)g g

This is another support for the independence of flooding on channel geometry.

Though the Wallis correlation includes the tube diameter term, it appears in the term of

the power of 1/4. Therefore the net effect will be small. Moreover, Wallis considered a

narrow range of diameters. Therefore, it is believed that the diameter term played a
minor role in the development of the Wallis correlation; the same data may be well
correlated by Kutateladze numbers.

Therefore, it is concluded that when flow area is large enough, flooding conditions are

not dependent on the channel geometry but depend on the fluid properties and
superficial velocities. From this conclusion, it is suggested that the upper plenum shoulo

be designed to give superficial velocities of steam and the same fluid properties.
|

D-3. Phase Separation During Cross Flow
i

Moore, et al.,I2} derived a relation for the phase separation efficiency of a cross flow in
a tube or wire bank as follows:

1. Jacoby, J. K., and Mohr, C. M., " Final Report on 3-D Experiment Project,
Air-Water Upper Plenum Experiments," TID-29030, November 1978.

2. Moore, M. J., et al., Two-Phase Steam Flow in Turbines and separators, Hemisphere
Publishing, Washington, DC (1976).

|
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n = l-(1 - n y "* (D-10)

where

-1/2D - 2.

n=G- (1 + Stk 1 (D-I t)
T

m = number of tube row

a = constant ranging between 0.5 and 1.0

fa d
*

(p P )9

d = drop diameter

u = fluid velocity

D, G, and P are defined in figure D-4. Equation (D-10) compares fairly well with the
experimental results of Burkholz.(I) The above correlations show important control

parameters in deentrainment in a rod array, but they are based on the following
assumptions:

Relative motion between a drop and gaa is governed by Stokes law.--

-- Drop diameter is large compared to the mean free path and small compared to the

tube diameter.

Figure D-5 shows a quadrant of an upper plenum with locations of internals. An upper

plenum of a four-loop PWR has guide tubes and upper support columns as its internals.

The guide tube is approximately square with 18.6 cm (7.34 in) long sides. The support

column is a cylinder with a diameter of 8.9 cm (3.5 in.). Equation (D-10) is not

applicable to the mixed rod diameters and irregular rod array. But the real situation can

be idealized in several ways to get a reasonable and conservative separation efficiency.

One way to idealize the situation is to ignore the support columns and some guide tubes

in order to get a regularly arrayed single-size rod bank (figure D-6).

1. Cited in Moore, J. J., and Sieverding, C. H., Two-Phase Steam Flow in Turbines and
Separations: Theory, Instrumentation, Engineering, McGraw-Hill, New York,1976.

D-10
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Removing several rods reduces separation efficiency, according to equation (D-10).
Therefore, this model is conservative. A sample calculation of the separation efficiency

using the following values can show the relative importance of the several parameters:

30 f t/sec = 108,000 f t/hr0.03381b/f t-hr u =
u =

3 500 y = 1.64 x 10-3 ft
57.53 lb/f t d = |=

of
13.5 in.10.4 in. G =D =

2 ftP =

The above fluid properties are those of saturated steam and water at 0.41 MPa (60
psia). Fluid velocity is based on the INEL calculations when the steam velocity at upper

core plate is uniformly 15 m/sec (50 f t/sec). From equation (D-II),

. -

)2 -I[ 9p P
D g

nT = - 1+|
2

G so d uf
- .

= 0.77 for each row

This shows that the second term in the bracket is almost insignificant and changes as a

function of d, as follows:

d Second Term in Bracket
1

500p 0.00013

100u 0.08
|

Thus, for this operational condition, the most important parameters in the phase
separation are the rod diameter and its gap. Of course, the number of rows is also
important. It must be reemphasized that an upper plenum designed according to the
idealized situation will result in a conservative phase separation.

t

D-4. UPPER PLENUM DESIGN
\
c

Upper plenum design aspects are considered in view of the phenomena discussed in

| paragraphs D-1 through D-3.

,
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D-4. Geometries of Upper Plenum Shell

The upper plenum is suggested to be a cylindrical shape whose diameter should be
decided based on the flooding conditions and internal geometries.

The distance from the upper core plate to the hot leg is very important in sweeping out
the froth on the upper core plate to the hot leg. Therefore, it is proposed to maintain
this distance as a real one ( g ) in figure D-7.

g

Hot leg openings for the broken and unbroken loops can be taken to be circular ones

whose areas are scaled to flowrate. Since the openings designed in this way are small

holes on a long wall of a small-diameter cylinder, flow stream lines are expected to
change direction abruptly near the hot leg nozzles. This excessive flow direction
change may enhance phase separation because of the inertia of droplets. But this
atypical phase separation is considered to be negligible, as discussed below.

An INEL air-water upper plenum experiment showed that most of the liquid phase is
dispersed in the churn-turbulent froth whose top level oscillates, and the liquid phase
dispersed as droplets is negligible after the formation of the froth layer if this limited
observation is accepted and emphasis is placed on the period sometime af ter the
initiation of reflood, then the two-phase flow above froth formation can be considered
single-phase flow.

Flow pattern calculations show that there is a long dead flow zone above the hot legs for

this design of nozzle openings. This no-flow zone may improve phase separation because

of vapor condensation and drop deposition on the walls of the housing and internals. j
Therefore, it is desirable to remove this essentially stagnant zone. Calculations also
show that the space above 1.20 m (39.4 in.) from the core plate is almost a no-flow

zone. To allow room for the oscillation of the froth layer, the ceiling can be taken at
1.33 m (52.5 in.) above the core plate. The design of this option is shown in figure D-8.

1-

1. Jacoby, J. K., and Mohr, C. M., " Final Report on 3-D Experiment Project |
Air-Water Upper Plenum Experiments," TID-29030, November 1978.

|
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Figure D-8. Upper Plenum With Nozzles i
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Fluid from the upper plenum must be split into two loops (broken and unt roken). It is

proposed to make nozzle openings on one side of the plenum cylinder to provide the
maximum possible cross flow distance. In this way, a thermal siphon effect can be

simulated by arranging rod power as shown in figure D-9a. This arrangement compares
well with the real situation as (figures D-9a and D-96).

D-5. Model Internals

D -6. General Arrangement - The idealized internal array in the upper plenum is
shown in figure D-6.

Internals are installed in the upper plenum to obtain phase separations comparable to

the prototype upper plenum. As discussed in paragraphs D-1 through D-3, this
separation is governed mainly by rod diameter, gap size, and the number of rod rows.

From this consideration and the recommendations discussed, it is proposed to simulate

the rod array of figure D-6 by the rod arrangement shown in figure D-10. These model

rods have a smaller diameter than the real internals. Each rod is proposed to be
located at the top of the hole of the upper core plate. Detailed design ano dimensions
are discussed in subsequent paragr'aphs.

The deentrainment ef ficiency of the rod array of figure D-6 is calculated as

10.4
nT " 13.5 = 0.7 7 for each row

n = l-(1 nT) - 0.997 maximum efficiency

in the above estimation, the effective number of rows was taken as 4. It is seen that
the efficiency of deentrainment is almost 100 percent for fluids at hotter channels,
even though much conservatism was introduced by eliminating many rods. This fact

indicates no need for a sensitivity study of model internal arrangement and design.

D-7. Shape - Reactor upper plenum internals are basically in two shapes: circular
cylinder (support column) and square column (guide tube). But it is proposed to
simulate the internals by cylindrical rods based on the following reasons:

|
D-18 1
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i

Porteus' entrainment experiment (I) showed almost identical entrainment velocity--

curves for a round rod of 3.8 cm (1.5 in.) diameter and a rod 3.0 cm (1.2 in.) square.

A preliminary upper plenum internal test at LASL( } showed not much difference--

between circular and square columns.

Fluid approaches rods with various horizontal approach angles, as shown in figure--

D-I I . This variation of approach angle is expected to average out the
entrainment and deentrainment phenomena between circular rods and square
columns.

D-8. Size - There is a report from LASL( } which notes that deentrainment of liquia

at a rod is relatively independent of diameter, surface finish, and array
configuration. Therefore, it is proposed that internals of a single size be used in this
model. The diameter of the rods can be determined by the scaling of flow area to
give about 2.5 cm (1 in.). Using a 22.2 cm (8.75 in.) ID upper plenum, the rod
diameter was calculated to be 2.954 cm (1.163 in.).

D-9. Rod Arrangement - The rods discusseo above can be arrangec in the model upper
plenum to satisfy the following two conditions:

The gap between solid walls must be greater than about 1.9 cm (0.75 in.) to--

eliminate the wall effect on the flooding phenomenon.

The gap, rod diameter, and number of rows in the array should be comparable to--

the prototype to give a comparable phase separation.

1. Porteu::, A., et al., " Pressurized Water Reactor Upper Head Injection Air-Water
1/30-Scale Entrainment Studies," NRC-0193-4, September 1977.

2. Kirchner, W., personal communication, March 1979.

3. Dallman, J. C., et al., "Deentrainment Phenomena From Droplet Cross Flow in
Vertical Rod Bundles," paper presented at the Sixth Water Reactor Safety
Research Meeting, Gaithersburg, MD, November 6-9th,1978.

|
!
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The calculated results of necessary dimensions are shown in figure D-12.

D-10. Heat Release From Upper Plenum Wall and Internals

Since evaporation in the upper plenum was found to be negligible, it is proposed that the

wall and internals have small heat content. One way to achieve this goal is to make the
upper plenum wall thin and to use hollow cylinders as internals.

D-II. Design of Upper Core Plate

A portior of a real upper core plate which can cover the test rod bundle area may have

either one complete opening or two half openings. The rnain interests in the upper core
plate are the froth layer development above the plate and possible liquid counterflow to

cllow a fallback. If there is no froth layer on the plate, all entraineo droplets will
eventually flow to the hA leg; hence, there is no need for a complicate 0 study of upper
plenum behavior. Froth development requires a solid floor to build upon. Also, a floor
must support internal structures in such a way that the deentrained droplets flow to the
floor directly. A single-hole or double-hole scheme simply cannot meet the atsove
requirements unless only one or. two real-size internals are used (figure D-13a, b).
Real-size internals used in such a small bundle are expected to distort flow field too

much. Fallback through the upper core plate opening is governea by a flooding
phenomenon. It has been shown in the previous discussion that flooding does not depeno
on the flow channel geometry if its equivalent diameter is large enough.

Therefore, it is suggested that the upper core plate be simulated by making 10 holes

whose total flow area is scaled to the real flow area in the upper core plate (figure
D-13c). This design satisfies the above requirements and also introduces the fluid into
the upper plenum in a relatively distributed way.

D-23
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APPENDIX E

FACILITY DRAWINGS

The following drawings (in addition to those already cited in the body of this report)
illustrate the systems effects test facility:

Figure Na. Title Westinghouse Drawing No.

E-1 FLECHT SEASET Natural Circulation 1550E65 and

Loop Piping Details 1550E66

E-2 FLECHT SEASET Natural Circulation 1546E28

Upper Plenum Column Details

E-3 FLECHT SEASET Natural Circulation 1546E29

Upper Plenum Top Flange Details

|

E-4 FLECHT SEASET Natural Circulation 1546E32
Bundle Thimble Detsi;s

E-5 FLECHT SEASET Natural Circulation 1546E35

Bundle Filler Details Sheets I and 2

E-6 FLECHT SEASET Natural Circulation 8763D58
Bundle Grid Assembly

E-7 FLECHT SEASET Natural Circulation 8763D57

Bundle Grid Details Sheets 1 through 7

E-8 FLECHT SEASET Natural Circulation LO974590

Steam Supply Layout

E-1

_ _ _ __ _ _ _ _



E-9 FLECHT SEASET Natural Circulation 1463F33

Low Mass Housing Lower Seal Plate

E-10 FLECHT SEASET Natural Circulation 9550D67

Four-Heater-Rod Terminal Assembly 9550068

E-1 i FLECHT SEASET Natural Circulation 9550D66

Single-He - ter-Rod Terminal Assembly

E-12 FLECHT SEASET Natural Circulation 976957LO3

Bundle Heater Rod Terminal Cross-

Sectional View at 3.78 m (12.42 f t)

Elevation

E-13 FLECHT SEASET Natural Circulation 1550E51

Bundle Bare and Heated Thermocouple Sheets 1 and 2

Steam Probe Details

E-2
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APPENDIX F
t

INSTRUMENTATION PLAN

This appendix contains the details of the heater rod bundle instrumentation. Figure F-1

shows the heater rod bundle cross section indicating location of instrumentation rod,
thimbles instrumented with wall thermocouples, aspirating steam probes, bare
thermocouple steam probes, and heated thermocouple steam probes. Figures F-2
through F-16 show the location of bundle instrumentation radially and by elevations, and

instruments which are monitored by the CDAS (channel numbers).

F-1
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APPENDIX G

NATURAL CIRCULATION AND REFLUX CONDENSATION TEST RUN
SPECIFICATION AND VALIDATION SHEET

Rsproduced on the following pages is the run specification and validation sheet which
,

i sp:cifies conditions and requirements for a valid test. This sheet also provides space for

comments on run conditions, causes for terminating and invalidating a run, and
instrumentation failures.

.
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l
FLECHT SEASET NATURAL CIRCULATION AND REFLUX '

CONDENSATION TEST RUN SPECIFICATION AND VALDATION SHEET

Specified Value Actual Value
1, Primary Side

1. Lower Plenum Fluid "F 1 5F F
Temperature

2. U. P. Pressure psia 1 75 psia psia0

3. Condition Liquid Full Partially Full

II. Pressurizer (Accumulator No. )

1. Gas Overpressure psia 3 75 psia psia0

2. Fluid Temperature F+5F F
3. Fluid level ft1 1% ft

111. Bundle Power Redundant Power

1. Initial A Zone Power kw 1 1% kw
2. Initial B Zone Power kw 1 1% kw
3. Initial C Zone Power kw 1 1% kw

IV. Loop Piping and Component Wall Tamperatures

1. Lower Plenum F 1 10 F F

2. Housing F 1 10 F F

3. Upper Plenum F 3 10 F F

4. Unbroken Hoop Hot Leg F 2 10 F F

5. Broken Loop Hot Leg F 3 10 F F

6. Unbroken Loop St. Gen. F 2 10 F F

Inlet Plenum

7. Unbroken Loop St. Gen. F 2 10 F F

Outlet Plenum

G-3>
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8. Unbroken Loop Pump F 1 10 F F

Loop Seal ,

9. Broken Loop Pump F 1 10 F F-

Loop Seal

10"F F10. Unbroken Loop Cold Leg F i
11. Broken Loop Cold Leg F 1 10 F F

12. Downcomer Extension "F 1 10 F F

13. Downcomer F + 10 F F
0

14. Crossover Leg F 10 F F

V. Steam Generator Secondary Side Cooling System

1. Unbroken Loop St. Gen.

psia 1 75 psia psia0a. Pressure

b. Fluid Temperature F 1 5F F

c. Flow Conditions:

o Circulating gpm i !% gpm

o Bolling : Level F 1 1% ft 1 1%

VI. Cold Leg /UH1 Injection

1. Fluid Subcooling F 1 5F F

2. Pressure psia 1 75 psia psia0

3. Flow

Rate Specified Duration Rate Actual Duration

,

Ib/sec see Ib/see sec
!

VII. Noncondensible Gas (He) Injection

1. ' Gas Temperature F 1 5% F ]
,

2. Gas Pressure psia 1 75 psia psia0

3. Injection Rate

|
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Specifieu Actual
Rate Duratirn Rate Duration

Unbroken Loop Hot Leg:

3 3Step 1 cm / min i .2% min cm / min min1

3 3Step 2 cm / min i .2% min cm / min min1
'

3 3
|

Step 3 cm / min i .2% min cm / min _ min1
-

3 3
i Step 4 cm / min i .2 % min cm / min min1
'

3 3Step 5 cm / min 1 2% min cm / min min1

3 3Step 6 cm / min 1 2% min cm / min min1

3Step 7 cm / min i .2% min cm / min min1

3 3Step 8 cm / min i 1.2 % min em / min min
3 3Step 9 cm / min i .2% min em / min min1

3 3Step 10 cm / min 1 2% min cm / min min1

Broken Loop Hot Leg:
3

3 3Step I cm / min i 1.2 % min em / min min,

3Step 2 cm / min i 1.2 % min em / min min
3

| Step 3 cm / min i .2% min cm / min min1

3 3Step 4 cm / min i .2% min em / min min1

3
| Step 5 cm / min i .2% min cm / min mirt1

3 3Step 6 cm / min + 1.2% min cm / min min
3Step 7 cm / min i 1.2 % min em / min min

3 3Step 8 cm / min i .2% min em / min min1

3Step 9 cm / min i i .2 % min cm / min min
3 3' Step 10 cm / min i .2% min cm / min min1

1

i

Vill. Instrument Failures:
1

1

G-5
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IX. Comments:

X. Validation / Invalidation Comments

!
!
,

|
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APPENDlX H

SHAKEDOWN TEST MATRIX DETAILS

H- 1. INTRODUCTION

The purpose of the shakedown tests is to verify that the facility and instrumentation
function properly in order to conduct the natural circulation and reflux condensation
t:sts. Also, tests were run to determine certain instrument calibration characteristics.
These calibration data permitted a more accurate determination of the measured

quantities during these tests.

H-2. SHAKEDOWN TEST MATRIX

Paragraphs H-3 through H-24 present a detailed description of each shakedown test.

H-3. Test No.1 - Thermocouple Wiring Connection Checks

The purpose of this test is to check the continuity of each thermocouple wiring
connection from the patch board to the computer. A known direct curmnt millivolt
signal will be applied to each circuit at the thermocouple patch board and compared to

the respective computer output reading. If a deviation of more than f 0.1 millivolts is
observed, the circuit will be checked, reosired, and retested.

H-4. Test No. 2 - Heater Rod Power Connection Check

This test is intended to check the continuity of each heater rod power cennection at the

fuse panel. Olng a Wheatstone bridge or an accurate digital ohmmeter, measurements

will be recorded for each circuit resistance with an accuracy of + 0.001 ohms. If an
cbnormal reading is taken, the circuit will be checked, repaired, and retested.

H-1
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H-5. Test No. 3 - Instrumented Heater Rod Radial Location and Corresponding

Thermocouple Checks

This test, to be performed only on rods whose thermocouples are connected to the
computer, is intended to check the following items:

For each instrumented heater rod, all corresponding thermocouples will be--

checked for appropriate computer channel hookup and proper recording of data.

in completing the above check, radial power connections between the fuse panel--

and the appropriate heater rod willIse confirmed.

The output polarity of each thermocouple at the computer will also be checked.--

i
;

To conduct this test, all instrumented heater rods will be connected one at a time to a

small, manually controlled power supply. The rod bundle will be filled with cold water

at atmospheric pressure, accumulator no. I should be connected to the system, and the

computer will be in operation for data acquisition. The overtemperature limit alarm
will be set at 149 C (300 F). No gas overpressure shoulc' be applied to accumulator no.

I and its vent valve will be fully opened.

1

in turn, minimal power will be applied to each heater rod and all corresponding
thermocouple outputs will be recorded through the computer. After the power is
disconnected, all computer channels will be scanned to check that the appropriate
thermocouple computer channels have responded and that data were recorced properly.

H -6. Test No. 4 - Hester Rod, Thimble, and Steam Probe Thern.ocouple Axial

| Location Checks
!
I

'

This test, which will be performed using only instrumented heater rods, is intended to

| check the following items:

For each bundle thermocouple elevation all corresponding heater rod, thimble, and--

steam probe thermocouples are checked for appropriate computer channel axial
hookup and proper recording of data.

|
,

| H-2

l
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In completing the above check each heater red, thirnble, and steam probe--

thermocouple elevation is confirmed.

To conduct this test, all heater rods will be connected to the power supply. Output from
gli heater rod, thimble, and steam probe thermocouples, as well as all test vessel
dif ferential pressure cells, will be recorded by the computer. The computer will also
control bundle power automatically. An overtemperature limit set et 260 C (500 F) will

bn checked before the atmospheric pressure test is conducted. The lower plenum ano
crossover leg will be filled to the bottom of the heated length with water at room
tsmperature or colder, and accumulator no. I should be connected to the ,astem with its

vtnt valve fully opened. A level sight gage will be installed across the test section to
aid manual control of the flooding rate.

With the f acility prepared as specified above, power is applied to the rod bundle until it

is automatically tripped on an overtemperature condition. As the bundle is progressively

flooded, all bundle thermocouple responses will be recorded to verify axial position.

H-7. Test No. 5 - Steam Generatos Thermocouple Axial Location Checks

in this test, the steam generator secondary side will be filled to a known level and the

response of the secondary fluid and tube wall thermocouples will be recorded. The
thermocouples' response as the water level increases will indicate the installed axial

position of the thermcouple. This test will be conducted on both steam generators.

H-8. Test No. 6 - Rod Bundle Housing Differential Pressure Cell Axial Location

Checks; Steam Generator Plenum, Downcomer, Upper Plenum, and Accumulator
Volume and Level Transmitter Checks; and Component Volume Checks

This test is intended to check the following items:

Rod bundle housing and loop differential pressure cells will be checked for--

appropriate computer channel hookup and proper operation.

Rod bundle housing control volumes will be established in 0.30 m (12 in.) increments.--

H-3
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The upper and lower plenum volumes and the downcomer volume will be checked.--

Accumulators and steam generator plenum volumes will be determined.--

For operation of this test, all loop and rod bundle housing differential pressere cells,

along with the upper plenum, steam generator plenums, accumulators, and downcomer
level transducers will be connected to the computer. A sight gage will be connected

across the rod bundle housing and the other components and a weigh tank will be
installed to measure the drained water. All differential pressure cells should be vented

and the required transmission lines filled with water. At this point the rod bundle,
steam generator outlet plenum, accumulator, and containment tanks will be filled with

cold water.

The steam generator plenums will be filled to the top differential pressure tap. The rod
bundle housing and upper plenum will be filled to the hot leg nozzles and the downcomer
will be filled to the first overflow nozzle. The crossover leg volume will 5e includeo
with the downcomer. The accumulators and tanks will be filled to the top differential

pressure tap. Water will be drained and weighed from these components in various
increments, and the differential pressure cell outputs will be recorded until the
component if empty.

H -9. Test No. 7 - Pressure Transmitter and Differential Pressure Cell Zero Shif ts

All differential pressure cell zero readings and zero shif ts will be checked during the test.

For operation of this test, all housing, upper plenum, loop, steam generator, downcomer,

and pump loop seal differential pressure cells will be connected to the computer. A
nitrogen supply will be connected to accumulator no. I and the pressure control system

will be operable.

When the test loop is empty and has reached atmospheric pressure, zero readings of all

dif ferential pressure cells will be checked. Af ter the system is pressurized with nitrogen

to 0.69 MPa (100 psia), all dif ferential pressure cell zero shif ts will be recorded.

H-4
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H-10. Test No. 8 - Loop Primary Side Filling Procedure and System Volume Checks

This shakedown test will verify that a noncondensible gas (alr) can be purged from the

tcst loop with steam. This method will be used to get the loop water solid for the
single-phase natural circulation tests.

The following procedure is suggested:
,

1. Loop primary side should be at atmopheric pressure. Accumulator no. I should be

filled with demineralized water and isolated from the loop primary side. The steam
generator secondary side should be empty.

2. Evacuate noncondensible gases (air, helium, or nitrogen) from the loop primary side

using a vacuum pump connected to any loop drain line. Try to reach at least a

] vacuum of 20 inches of mercury.

3. Slowly start injecting low-pressure steam [about 0.14 MPa (20 psia)) through the test

section lower plenum. Vent steam through all loop vents and drains. Continue
injecting steam and venting steam until the loop piping, housing, and steam
generators heat up to nearly 93 C (200 F) as indicated by wall thermocouples
throughout the facility. Close all vent and drains except the downcomer extension

vent. Close the downcomer isolation valve and continue venting steam through the
downcomer vent for at least 5 minutes.

4. Close the downcomer extension vent and stop steam purging, and open the
downcomer isolation valve.

5. Start filling the loop with water from the accumulator. The accumulator should be

pressurized to 0.41 MPa (60 psia). If necessary, vent water through upper plenum,

downcomer extension, and steam generator plenums to maintain a pressure lower

than the accumulator gas overpressure. When water starts coming out of the steam

generator plenum, close the downcomer isolation valve and continue venting through

the downcomer extension vent until all steam or gases are vented and/or a solid

stream of water is obtained.

H-5 i
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6. Fill the steam generator secondary eldes with cold water to condense any residual

steam in the U-tubes.

7. Pressurize the loop to 0.41 MPa (60 psla) (accumulator gas overpressure) and start

circulating water through the loop using the circulation pump. Maintain primary
loop temperature below 38 (100 F) using the steam generator secondary side
cooling system. Vent through loop high point vents to purge any residual
noncondensible gases. Stop loop circulation and steam generator secondary side
cooling, and isolate eccumulator no. I from the loop. Observe loop pressure for
several minutes to ensure that loop conditions are stable and loop primary pressure

remains about constant.

8. Monitor loop pressure and record amount of water that must be drained from the

loop to reduce the loop pressure to 0.17 MPa (25 psia). The volume of the residual

noncondensible gas in the loop at 0.41 MPa (60 psia) can be calculated from the
following formula assuming isentropic expansion of ideal gases:

VG* D
*

where

VG = v lume fnn nd nsible at 0.41 MPa (60 psia) loop pressure

VD = v lume f water drained from the system when reducing pressure
from 0.41 MPa (60 psia) to 0.17 MPa (25 psia)

9. Drain and weigh the water from the system in various increments to check the
system volumes.

.

H-1 1. Test No. 9 - Liquid Flowmeter Calibration Checks

This test is intended to check the following items:

An ireplace check of the flowmeter calibrations for agreement with the full flow--

range calibrations performed prior to the shakedown tests

H-6
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The flowmeters for appropriate computer channel hookup f .--- , .
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To perform the turbine meter and bidirectional turbo-probe calibration check, the I. i. , .

accumulator will be filled with cold water and pressurized with a nitrogen backpressure .}
1 14 MPa (400 1 20 psig). The housing lower plenum drain will be open and the $ . h. #of 2.76 0

3 e

a :cumulator water will flow through the turbine meter to the crossover leg, through the ' *
.,

t"rbo-probe and out the lower plenum drain. Qb
. . . .. .

N. 5 ' * ,
.'The drain water will be collected over a timed interval and weighed. The recorued - . ' .' '..s. -

flowmeter data will be compared to the flow determined from the weigh tank cata. UJ . -

< .
. . v

. . . "These flowmeter calibration tests will be run for the flow rates given in table H-1. The ;:

r3
.

table specifies 10 steady state flowrates and one variable stepped flowrate test. -

<e
. *'. . ' . . .

.

At first, the flow through the flowmeters will be run to the drain. Af ter steady flow 1.> ..j,

f. ; ~Aconditions have been established, the flow will be diverted to the weigh tank. The
accumulator dif ferential pressure cell, accumulator fluid thermocouple, and all g.. .

flowmeter outputs will be monitored during the test. At the end of the test, the flow '.:U p .
; .- L

will be switched to the drain again and flow measurements will be terminateo. j. j.. ' 3
;_, , ; ;'
- . . .-

To check the response of the bidirectional turbo-probe in the reverse flow direction, the .f;[ j

turbo-probe will be turned 180 degrees in the crossover leg and selected steacy-state 3 . 'e -. ,.f
-

% ,p
.

s.:. -|? t
tests will be run as described above. The desired flow rates are presented in table H-2.

I ;' . |--

%, &
3For the shakedown test of the natural circulation flow loop, both cold legs will be pipeo . .. t( . ya

to the downcomer and the circulation pump installed in the crossover leg will be useo to ;y.",;
'% $

provide loop flow. Loop flow rates will be measured with the turbine meters installeo in ' p ; :- ,P
.

gy- ..
each pump loop seat loop. c < -

,. .~
4.;1p .; y

'

The expected loop pressure drop during this test is of the order of 0.69 Pa (0.10 psid); (, .. n =

|.;w ' '.
-

Jnarrow range D/P transducers capable of measuring D/Ps in this range will be required. ,

Uh..\.if additional flow resistance is needed to simulate the loop hydraulic characteristics of
.c

the reference PWR plant with idle main coolant pumps, a flow resistance orifice might . f. l j

have to be installed in the loop. 9 - 1S I
c, . s. .__'. G.i ,
y: %,-
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TABl.E H.I

FLOW RATES FOR FLOWMETER AND BIDIRECTIONAL

TURBO-PROBE CALIBRATION CHECKS

Flow Rate Test Time
[m /sec (gal / min)) (min)

6.3 x 10' (1) 5

1.9 x 10~4 (3) 5

3.2 x 10'O (5) 5

5.0 x 10'0 (8) 5

7.6 x 10'0 (12) 3

1.0 x 10'3 (16) 3

1.3 x 10-3 (20) 2

2.5 x 10-3 (40) 2

3.8 x 10-3 (60) 2

5.0 x 10-3 (80) 2

TABLE H-2

FLOW RATES FOR BIDIRECTIONAL TURBO-PROSE

REVERSE FLOW CALIBRATION CHECKS

Flow Rate Test Time
[m /sec(gal / min)] (min)

2.5 x 10'' (4) 10

6.3 x 10-0 (10) 4

2.5 x 10-3 (40) 2

5.0 x 10' 3 (80) 2

H-8
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Prior to running the test, the loop must be purged to eliminate any air in the U-tu*.es and

then filled solid with water, as described in paragraph H-10.

With the test loop filled solid and the steam generator secondary side drained, the
shakedown test will be run by slowly initiating flow with the circulation pump. The
pump flow can be regulated by adjusting one of the pump isolation valves. The flowrate

will be controlled to achieve the total bund!c flow rates in table H-3. Bundle flow is
calculated from the sum of the cold leg turbine meter flowrates. Record all test loop
differential pressures and the differential pressure from the probes in the primary sides
of the steam generator tubes. Record loop pressure and temperature also.

H-12. Test No.10 - Hot and Cold Leg Liquid Film Flowrate Meter Check

The special hot and cold leg piping used in the reflux condensation tests will contain a

flowmeter to measure any condensed steam flowing back to the rod bundle upper
plenum. During the reflux condensation tests, steam from the test section can condense

in the steam generator tube bundle. Condensed steam in the inlet vpflow and outlet

downflow sections of the steam generator may flow back down into the hot and colo legs
toward the test section. This phenomenon is called reflux condensation. To measure the

reflux condensation liquid film flowrate, a small weir will be installed in each of the hot
and cold legs to trap and divert the liquid film to a rotameter which will record the
liquid mass flow rate.

These rotameters will be checked by injecting water into each steam generator inlet and

outlet plenums and recording the flowrate detected by the hot and cold leg rotameters.
The flowrate of the injected water will be monitored to confirm the rotameter
accuracy. The rotometers will be checked over the flow range given in table H-4.

At the conclusion of the test, the water accumulated in the " dead" volume of the steam

gcnerator inlet plenum below the modified hot leg inlet nozzle will be measured. Af ter

disconnecting the temporary water supply lines from each inlet plenum, the inlet
plenum will be drained and the volume of water that drains from the ple~ms recorded.
This volume represents the amount of steam that must condense before the hot and cold

leg rotameters will respond to the reflux condensction in the steam generator tubes.

H-9
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TABLE H-3

FLOWRATES FOR PUMP LOOP SEAL
TURBINE METER CAllBRATION CHECKS

Total Flow Rate, Both Loops
3[m /sec(gal / min))

6.3 x 10-4 (10)

1.3 x 10~ (20)

1.9 x 10" (30)

2.5 x 10-3 (40)

,

TABLE H-4j

HOT LEG LIQUID FILM ROTAMETER CHECK RANGES

Unbroken Hot Leg Liquid Broken Hot Leg Liquid
Film Rotameter Fiilm Rotameter

3 3[m /sec(gal /inin)) [m sec(gal / min))

6.3 x 10-6 (0.10) 3.1 x 10-6 (0.05)
l 1.3 x 10~5 (0.20) 6.3 x 10 (0.10)

-6

3.2 x 10~ (0.50) 1.6 x 10-5 (0.25)

6.3 x 10~5 (1.0) 3.2 x 10~5 (0.50)
9.5 x 10~' .(1.5) 4.7 x 10~' (0.75)

6.3 x 10-0 (1,0)

h

H-10
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H-13. Test No.11 - Test Loop Hydraulic Loss Coefficient Measurements'

This test will be run by isolating parts of the test loop and supplying a known mass flow
cf steam to the isolated part of the loop. Installed test loop instrumentation will be
monitored for flow and presure drop. From these data, the loop hydraulic loss
coefficients will be calculated.

The unbroken loop piping will be isolated by closing the downcomer isolation valve and
installing a blank orifice in the broken loop pump resistance orifice flanges. This will
create a single flow path from the bundle lower plenum, through the unbroken loop to
the downcomer. With the boiler supplying steam to the test section lower plenum, the

loop hydraulle loss coefficients can be calculated from the loop pressure drop data. This

test will be run at the test conditions specified in table H-5.

The broken loop will be isolated by using blind flanges in the unbroken loop pump
resistance flanges. The flow rates specified in table ri-5 will be established and the loop
pressure drops recorded.

In each of the above tests, all loop differential pressures, pressures, and temperatures
will be recorded.

H-14. Test No.12 - Loop Heatup and Heat Loss Check

in this test the loop heatup procedure is verified and the heat loss through the pipe and
component walls to the environment is measured.

The rod bundle and primary loop piping and steam generators will be heated to 164 C

(328 F). The loop will then be isolated and the piping, insulation, ambient, and housing
wall thermocouples will be monitored. The loop heat loss rate will be calculated from
the rate of change of the wall temperatures with time.

4

The primary loop piping will be heated with steam from the boiler. The steam is injected

into the lower plenum and vented from the downcomer extension vent. After the

downcomer and crossover leg piping has been warmed up, the downcomer isolation valve

H-i l
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TABLE H-5

TEST PARAMETERS FOR TEST LOOP HYDRAULIC LOSS

COEFFICIENT MEASUREMENTS

Loop Arrangement Loop Pressure Steam Mass Flowrate
[kg/sec (ib/sec))

Blind flanges in broken 0.28 MPs 0.27 (0.60)
loop cold leg orifice (40 psia) at

upper plenum

Blind flanges in broken 0.28 MPa 0.14 (0.30)
loop cold leg orifice (40 psia) at

upper plenum

Blind flanges in broken 0.28 MPa 0.45 (0.10)
loop cold leg orifice (40 psia) at

upper plenum

Blind flanges in unbroken 0.28 MPa 0.91 (0.20)
loop cold leg orifice (40 psia) at

upper plenum

Blind flanges in unbroken 0.28 MPa 0.45 (0.10)
loop cold leg orifice (40 psia) at

upper plenum

|

|

,
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will be closed to force the steam through the rod bundle housing, steam generators, and
primary loop piping.

The steam generator secondary sides will be heated by filling with just enough liquid to

c::ver the lower bank of strip heaters. The lower bank of heaters will then be energized-

~ to warm up the secondary side of the steam generators to 149 C (300 F).
;

After the primary loop, rod bundle, and steam generator secondary sides have been
brated to 149 C i 10 C (300 F 1 18 F), the steam generator strip heaters will be
deenergized and the secondary sides isolated. The primary loop and rod bundle should be
drained of any condensed steam and then isolated.

To measure the loop heat loss, record all rod bundle housing, pipe wall, ambient, and

. steam generator shell thermocouples. These data should be recorded for a period of at

Isast I hour, at intervals of 6 minutes or less. From these data, the rate of change of
the pipe wall, rod bundle housing, and steam generator shell temperatures with time will

b3 determined. The loop heat loss can then be calculated from the loop mass and heat
ccpacity.

H-15. Test No.13 - Isothermal Calibration of Steam Generator Bundle Thermocouples

The purpose of this test is to individually and differentially calibrate the primary side
fluid, tube wall, and secondary side fluid thermocouples of both the broken and unbroken

loop steam generators. This will be accomplished by performing isothermal (zero heat

flux) calibration tests over the entire test temperature range of 25 C to 149 C (77 F to
300 F). Specific test details are outlined in table H-6.

i

The individual primary side fluid thermocouple calibration tests will be performed by'

| catablishing a uniform primary side fluid temperature with the steam generator
secondary side evacuated. The primary !oop will be filled with water and heated to the
d: sired calibration temperature using the test section heater rods. The circulation

| pump will be used to establish a uniform loop temperature. The steam generator inlet

|
end outlet lower plenum thermocouples are to be used to monitor primary loop
temperatures. The voltage outputs of all bundle thermocouples are to be recorded.

H-13
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TABLE H-6

TEST PARAMETERS FOR ISOTHERMAL CALIBRATION OF

STEAM GENERATOR BUNDLE THERMOCOUPLES

Thermocouple Loop / Steam Generator Calibration
Calibration Configuration Temperatures

[0C(OF)]

Individual primary fluid Primary loop liquid filled, 38 (100)
differential primary fluid, steam generator secondary 66 (150)
and tube wall side evacuated 93 (200)

121 (250)

149 (300)

Individual secondary Primary loop evacuated, 25 ( 77)
fluid, individual tube steam generator secondary 38 (100)
wall, differential side liquid filled 66 (150)
secondary fluid, and 93 (200)
tube wall 121 (250)

149 (300)

|

H-14
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' The individual secondary side fluid and tube ~1311 thermocouple calibration tests will be

performed by establishing a uniform seconden side fluid temperature with the primary
loops evacuated. The secoridary side will be filied with water and heated to the desired

cclibration temperature using the shell strip heaters. The seconaary side flowmeter
thermocouples are to be used to monitor fluid temperatures. The secondary side
circulation pumps will be used to establish uniform temperatures. The voltage outputs
of all bundle thermocouples are to be recorded.

In addition to the individual' thermocouple calibration tests outlined above, differential

thermocouple connections are outlined in detail in paragraph 6-32. In these isothermal

tssts, the difference between primary fluid and tube wall thermocouples and the
difference between the wall and secondary fluid thermocouples will be measured. In

general, the measured voltage differences will not be zero because of the inherent
calibration differences between the individual thermocouples. The output voltage bias

will be measured over the entire test temperature range to establish trends as a function

of temperature. Test procedures are the same as those discussed for individual
thermocouple calibrations.

H-16. Test No.14 - Steam Gensrator Tube Bundle Wall Thermocouple Controlled Heat

Flux Calibration Tests

Instrumentation bench tests conducted during the course of the steam generator

Separate Effects Test program showed that the wall-mounted tube wall thermocouples

were affected by the magnitude of the local heat flux. The purpose of this test is to
d3termine the calibration characteristics of the tube wall thermocoup;es as a funtion of

local heat flux. This is accomplished by controlling the rod bundle power, primary and
secondary flows, and inlet temperatures. Seven specific tests are outlined in table H-7.

| Once the system has reached stable conditions for each test, all bundle thermocouple

outputs are to be recorded.
L

H- 17. Test No.15 - Saturation of Primary Side Water With Noncondensibles and

! Sampling System Checks

This test will determine how much helium (noncondensible gas) is required to saturate ,

H-15
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T ABLE H-7

TEST PARAMETERS FOR WALL THERMOCOUPLE CAllBRATION TESTS

Rod Bundle Primary PrimaryFluid Secondary Secondary Fluid,
Power Loop Flow Inlet Temperature (s) Loop Flow Inlet Temperaturesb) ,

[m3 sec(gal / min)] [0C (oF)] [m3sec(gal / min)] [ C ( F)](kw) /

50 0.0014 (22) 141 (285) 0.0032 (50) 38 (iOO)
70 0.0015 (23) 138 (280) 0.0032' (50) 38 (100)4

'90 0.0016 (25) 135 (275) 0.0032 (50) 38 (100)
I I20 0.0018 (28) 132 (270) 0.0032 (50) 38 (l00)
K 150 0.0018 (29) 129 (265) 0.0032 (50) 38 (100)

190 0.0020 (31) 127 (260) 0.0032 (50) 38 (100)
220 0.0020 (32) 12 4 (255) 0.0032 (50) 38 (100)

*

1

-!

Primary side pressure = 0.69 MPa (100 psia)

Secondary side pressure = 0.14 MPa (20 psia)

j a. Rod bundle inlet
b. Steam generator inlet

,

i

i

!
-
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the system primary side water, and how long it takes. The operation of the sampling
system and helium analyzer instrumentatio.i will also be checked. The test will provide,

o check between the sampling probe bench calibration and the facility sampling system.

The test should be conducted as follows:,

1. Fill the system primary side with demineralized water as described in test no. 8,
paragraph H-10.

2. Start forced circulation using the primary circulating pump and set flow of 2.00 x
10~3m /sec (31.7 gal / min) total flow as measured by the crossover leg bidirectional

turbo-probe. If a three-to-one flow split through the unbroken and broken loops is
assumed, the flow should be 1.50 x 10~ m /sec (23.8 gal / min) and 0.5 x 10~ m /sec
(7.9 gal / min) through these loops, respectively.

3. Accumulator no. I should be connected to the crossover leg, filled about half full of
'

water at 121 F (250 F), with a helium gas overpressure'of 0.80 MPa (115.5 psia).

4. Set gas (helium) injection flowmeters flow to 2124 cm / min for the unbroken hot

leg and 708 cm / min for the broken hot leg. Inject the helium through each loop for

about 3 minutes. Continue circulation for about 10 more minutes and take samples

to determine if the helium concentration is 0.0125 cm (O C, I atm)/g H O at
2

I atm. The gas should be analyzed using the GOW-MAC analyzer System by
Westinghouse Forest Hills Chemistry Laboratory. If the specified helium

concentration is not reached, add or adjust helium injection rates and time until the

water is saturated with helium. Record helium rates and total amount, and time
needed to saturate the primary side water with helium.

H-18. Test No.16 - Noncondensibles injection Checks

This test will check the helium injection system operation, and the interaction between

the primary side and accumulator no.1 (pressurizer). This test should be a continuation

of the previous test no.14 described in paragraph H-16.

H-17
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The following procedure is recommended:

1. Set helium flows at 3087 cm / min for the unbroken loop and 1020 cm / min for the
broken loop.

2. With the primary side water saturated with helium and accumulator no. I with

helium gas overpressure as in test no.14, start helium injection through each hot
leg nozzle for 5 minutes. Monitor changes in loop pressure, temperature,
accumulator liquid level and pressure, and flows indicated by the bidirectional
flowmeter in the injection line.

3. Repeat the helium injection test with accumulator no. I isolated from the primary
side, and monitor the change in pressure in the system.

4. After the system is at steady state for about 15 minutes, start taking helium
samples from the steam generators, starting with the highest elevation, and
determine helium concentrations and/or where the helium is concentrating in the
steam generator tubes. It might be necessary to reconnect the accumulator to the

primary system to compensate for the liquid being taken out during sampling. The
accumulator pressure should be adjusted to the primary pressure reached after the
helium injection.

H-19. Test No.17 - System Pressure Relief Check

The purpose of this test is to check the ability of the spring-loaded pressure relief valves

to depressurize the system in case of overpressurization. These valves are connected to
one of the drain lines of the crossover leg.

The following procedure is suggested:

<

l. Set pressure relief valves at a pressure between 0.68 and 1.03 MPa (100 to 150 psia).

2. The primary side should be liquid full and accumulator no. I gas overpressure set

initially at about 0.14 MPa (20 psi) below the relief pressure setting.

H-18
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3. Slowly increase accumulator gas overpressure until the pressure relief valves open.

Monitor pressure increase, overshoot if any, pressure at which the pressure relief
valves are activated, and the time needed for these valves to relieve and reduce the

primary side pressure.

H-20. Test No.18 - Accumulator No.1 Gas Overpressure Feed-and-Bleed System
Checks

This test will check the feed-and-bleed capabilities of the accumulator's gas
cverpressurizing systems to maintain a constant pressure during level changes in these

tcnks due to primary side mass depletion or mass injection transients.

The following procedure is suggested:

1. Fill accumulator about half full with water.

2. Pressurize accumulator to 0.68 MPa (100 psia) using the gas overpressure system,

and set feed-and-bleed controls to maintain this pressure.

3. Lower the accumulator level about 0.30 m (1 f t) by draining water at rate of about
1.6 x 10~"m /sec (2.5 gal /sec) and determine if the gas feeding system can maintain

a constant gas overpressure of 0.68 MPa (100 psia).

4. Raise the level of the accumulator by 0.30 m (1 f t) by injecting water at a rate of
1.6 x 10-0m /sec (2.5 gal / min) and determine if the bleeding system can maintain

the gas overpressure constant at 0.68 MPa (100 psia).

H-21. Test No.19 - Cold Leg Injection Checks

The purpose of this test is to check the water injection system capability of injecting
3

water at a rate of 7.82 x 10~4m /sec (1.67 lb/sec or 12.4 cal / mini for 48 seconds while
maintaining constant pressure in the primary side.

This test could be performed as follows:

!
'
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!. Fill the primary side with water.

2. Have accumulator no. I connected to the primary side with a gas overpressure of

0.68 MPa (100 psia) and about 50 percent full.

3. Accumulator no. 2 is to be used as the water injection tank and should be conneted

to the cold leg injection, be about half full, and have a gas overpressure high enough

to maintain a constant injection rate.

4. All instrumentation related to the cold water injection should be operating and

monitored by the computer.

~

5. Set injection flow to drain and adjust flow to 7.82 x 10 m /sec (1.67 lb/sec)

6. Switch flow to unbroken cold leg and record flows, temperatures, pressures,
differential pressures, accumulator no. I and no. 2 levels, and corresponding gas

overpressures.

H-22. Test No. 20 - UHI injection Checks

This test will check the capability of the injection water system to simulate upper heaa
|

injectiorf(OHI) during different modes of natural circulation.

The test procedure is similar to the cold leg injection test except that water is injected
at the bottom of the test section upper plenum and the rate of injection is 4.4 x 10-0

3
m /,sec (0.94 lb/sec or 6.9 gal / min) for 347 seconds (5.78 minutes).

H-23. Test No. 21 - Steam Generators Secondary Side Cooling System Flowmeter

Calibration Checks

The purpose of this test is to check in place the flowmeter caliDrations and relateo ,

instrumentation. The calibration checks of each flowmeter should be performed as

follows:
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1. The secondary side expansion tank (containment tank) should be filled with water at

room temperature and the accu.nulator should have a gas overpressure high enough
to ensure constant flow and pressure during calibration runs.

2. Weighing of the water flow through the flowmeter for a period of time should be

used to check the flow coefficient used in the design of the orifice plate.

3.. The range of check flows are listed in table H-8.

4. During each calibration check, record water temperature, differential pressure,
weight of water, static pressure, and change in level of the expansion tank
(containment tank) if possible.

H-24 Test No. 22 - Steam Generator Secondary Side Boiling Mode at Constant Level,
Boilof f (Drying) and Recovery Checks

The purpose of this test is to check the operation of the steam secondary side cooling
system in the boiling mode at constant level, boil the secondary side dry, and recover by
establishing forced circulation through the secondary side.

The following procedure is suggested:

1. Start with both steam generator secondary sides about half full of water at room

temperature and atmospheric pressure.

2. Activate the steam generator secondary side heat exchanger, and bypass the
circulative pumps, since they will not be used in this test. The condensate should

return to the steam generator secondary side.

3. Start with the primary side full of water and pressurized to about 0.41 MPa (60
psia).

4. Start forced circulation in the primary side using the circulating pump and closing

the downcomer isolation valve. Adjust the flow to 2.0 x 10' m /sec (32 gal / min).

H-21
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TABLE H-8

FLOWRATES FOR STEAM GENERATOR

SECONDARY SIDE FLOWMETER CALIBRATION CHECKS

Flow Rate Test Time
[m3 sec(gal / min)) (min)/

UNBROKEN LOOP STEAM GENER ATOR

7.6 x 10~3 (120) 3

6.3'x !0~3 (100) 3

5.0 x 10~3 (80) 3

3.8 x 10~3 (60) 3

2.5 x 10~ (40) 3

1.3 x 10-3 (20) 3

-0
6.3 x 10 (10) 3

.

BROKEN LOOP STEAM GENERATOR

2.5 x 10~3 (40) 3

~31.9 x 10 (30) 3*

~3
i

1.3 x 10 (20) 3
-#

6.3 x 10 (10) 5

3.2 x 10~0 (5) 5

.

5
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5. The secondary side expansion tank should be filled with water at 93 C (200 F) and

have a gas overpressure high enough to ensure injection of water in the seconoary

side of both steam generators during the recovery phase of the test. At the
beginning of the test, the expansion tank should be isolated from the secondary
side cooling system.

6. Start applying power to the bundle at a low level (about 50 kw) and increase it in

steps until it reaches 100 kw.

7. Adjust primary side flow to maintain a 27 C (50 F) temperature rise across the
bundle, and maintain single phase.

8. As the steam generator secondary sides start boiling, the generated steam shoulo

be condensed in the heat exchanger and return to the secondary side by gravity.
Observe the secondary side level and determine if it can be maintained constant

for about 15 minutes.

9. Start passing the condcnsate to drain, thus eliminating seconoary sioe makeup, ano

observe the primary side behavior during this boiling perioo.

10. Continue the secondary side boiloff, monitoring the water level, until the
secondary side has boiled dry or the primary side temperature starts rising. At
this point, start injecting water to the secondary side from the expansion tank until

it is full and forced circulation can be established. Terminate the test if the
pressure in the primary side rises above 0.69 MPa (100 psia) by turning off bundle

power and acclerating water injection to the steam generator secondary side, and
activating the primary side relief valves.

H-26 Test No. 23 - Single-Phase, Two-Phase, and Reflux Condensation Shakedown Test

The purpose of this test is to make sure that all facility instrumentation ano controls

work properly, to determine the time constant of the system or how long it takes for the

system to reach steady state af ter a stepped change has been made, and at what rates

d;ta should be taken during a test. This test is similar to test no. 8 of the test matrix

and the same procedure should be followed. Test conditions are given in table H-9.

H-23

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



r

TABLE H-9

NATURAL CIRCULATION AND REFLUX CONDENSATION

SHAKEDOWN RUN TEST CONDITIONS

PRIMARY SIDE .

Pressure 0.69 MPa (100 psia)

Fluid temperature 126 C (258 F)
Bundle power 222.4 kw

STEAM GENERATOR SECONDARY SIDE

Pressure 0.69 MPa (100 psia)

Fluid temperature Ambient 4 59 C (319 F)
Temperature rise 39 C-6 C (70 ~10 F)

3Circulating 0.142-0.0101 m /sec (225-160 gal / min)
Liquid level Full

:

|
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Initial conditions and procedures are given below:
1

Initial Conditions:

1. The primary side should be filled with water at 126 C (258 F) and 0.69 MPa (100
psia). This water should not have any dissolved helium.

2. The steam generator secondary sides should be filled with water at ambient

temperature but pressurized to 0.69 MPa (100 psia), which means that the gas
overpressure in the expansion tank should be 0.85 MPa (123 psia) with an initial
water level of 1.63 m (6 f t).

3. The pressurizer (accumulator no.1) should have a level of 0.61 m (2 f t) with water

at 126 C (258 F) and a gas overpressure of 0.85 MPa (124 psia) and should be
connected to primary side.

4. The power controls should be set initially to provide 55 kw to the bundle.

Procedure:

1. Turn on power to the bundle, and at the same time start circulation in the steam

generator secondary sides. Adjust cooling flows in order to achieve primary siae
natural circulation and maintain 39 C (70%) subcooling at the bundle inlet.

2. Increase power to the bundle in steps until the required 222.4 kw is reached.

3. Simultaneously adjust steam generator secondary side cooling flows to maintain
39 C (fD F) si;bcooling at the bundle inlet.

4. Af ter the system has been at steady state for 15 minutes, start decreasing the
steam generator secondary side cooling flows in steps; this will reduce the amount

of subcooling at the rod bundle inlet. If reducing the secondary flows is not enough

because of the large heat transfer area of the steam generators, start reducing the

cooling water to the secondary side heat exchanger. This will start raising the

H-25
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temperature of the secondary side water, as well as raising the primary side
temperature.

5. As the bundle inlet subcooling decreases (temperature increases), boiling will occur
. in the _ bundle and two-phase flow natural circulation should be established.
Carefully monitor loop conditions to determine t.ie time when this mode of natural
circulation is achieved. In particular, monitor and measure the primary side mass
depletion due to liquid thermal expansion as the temperature increases and due to

phase changes when steam generation is started. This mass will go into the
pressurizer causing an increase in level. Mass depletion rates could also be
determined by measuring reverse flows in the injection line with the bidirectional

turbine meter. In addition, observe flow regime changes through the upper plenum

windows and steam generator inlet plenum windows. The bundle, upper plenum, and

steam generator inlet plenum differential pressure measurements could also
indicate when voids start forming in the primary side.

6. After operating in the two-phase natural circulation mode for about 30 minutes,

start decreasing the cooling water flow to the steam generator secondary side heat

exchanger, and if necessary, decrease the steam generator secondary side flows,

until the temperature difference between the primary and secondary side is about
6C (10 F). As the temperature in the primary side increases, approaching
saturation, boiling could occur at the top of the steam generator tubes when tne
lowest system pressure exists. This steam and the steam being generated in the

bundle, if any, will eventually dis 31 ace the water out of the steam generator tubes,4

steam generator plenums, hot legs, cold leg horizontal runs, upper plenum, and

downcomer extension volumes above the hot and cold legs, respectively. The
| displaced liquid will be going into the pressurizer and raising its level by about 2.3 m

(7.4 f t). Voiding of the components mentioned above will cause a reduction in

primary side hydrostatic head equivalent to about 0.12 MPa (17 psia), which requires

a reduction of the pressurizer gas overpressure from the initial pressure of 0.85 MPa
(124 psia) down to 0.74 MPa (107 psia) when the hydrostatic head induced by the

j pressurizer raised level is taken into account. This reduction in pressure is
necessary if a 0.69 MPa (100 psia) static pressure is to be maintained at the top of

the upper plenum. Since the reduction in hydrostatic head occurs in a transition
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period, it might be necessary to adjust the pressurizer gas overpressure as the |

primary side water level decreases during this transient period. |
!

7. Once the reflux condensation mode has been established, adjust system conditions

to maintain a water level at 0.61 m (2 f t) belcw the upper plenum hot leg exit
nozzles, and operate the system at steady state for 30 minutes.

8. During this period, measure condensed liquid film flows in the hot and cold legs with

the liquid film rotameter system installed in each leg.

M:;asuremente of interest are primary side flows, system pressure, system pressure
drops; steam generator secondary side flows and temperatures; mass inventory changes in

the primary side and pressurizer, temperature changes and distribution throughout the

system; transient conditions and times needed to r,o from one mode of natural circulation

to another; time when steam generators start voiding; differential temperatures between

secondary side fluid, tube wall, and primary side in the steam generators; liquid film

flow, thickness, and velocity during reflux condensation mode; and steam velocities in
the hot legs during reflux condensation.

H-27. Test No. 24 - Forced Convection Secondary Side Film Coefficient Calibration

Test

The purpose of this test is to develop a set of correlations for the steam generator
,

s:condary side film coefficients. This will be accomplished by controlling the primary
cnd secondary side flow and temperature boundary conditions. . Table H-10 specifies the

boundary conditions for nine tests. Once boundary conditions have been stablized, all
steam generator secondary fluid, tube wall, and primary fluid thermocour outputs are

to be measured.

l
i
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TABLE H-10

FORCED CONVECTION SECONDARY SIDE

FR_M COEFFICIENT CALIBRATION TEST BOUNDARY CONDITIONS

SECONDARY SIDE

1

Pressure Flowrate Inlet Temperature
3[(MPa psia)] [m /sec (gal / min)) [oC (oF)]

' O.69 (l00) 0.0013 (20) 93 (200)

0.69 (100) 0.0019 (30) I10 (230)
0.69 (l00) 0.0025 (40) I16 (240)
0.69 (l00) 0.0032 (50) 121 (250)
0.69 (100) 0.0038 (60) 124 (255)
0.69 (100) 0.0050 (60) 127 (260)
0.99 (l00) 0.0063 (l00) 129 (265)
0.69 (100) 0.0088 (140) 135 (275)
0.69 (l00) 0.010 (l60) 143 (290)

!

PRIMARY SIDE

Pressure = 0.90 MPa (130 psia)

Bundle power = 222.4 kw

Flowrate = 0.0038 m /sec (60 gal / min)

Btndle inlet temperature = 146 C (295 F)

|
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