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ABSTRACT

This report presents test data recorded for Test
S-NC-1 (ANC!1 and BNCI) of the Semiscale
Mod-2A Natural Circulation Test Series. This is one
of several Semiscale tests that investigate the
thermal-hydraulic phenomena resulting from opera-
tional transients involving loss of mechanical
primary coolant circulation in a pressurized water
reactor. These tests give experimental data used to
develop and assess the analytical capability of com-
puter models predicting the results of small-break
loss-ofcoolant accidents or operational transients
wnvolving the loss of primary pumping ability.

The primary objective of Test S-NC-1 was to
experimentally characterize the thermal-hydraulic

behavior of a system during single-phase (subcooled)
steady-state natural circulation flow conditions. Of
special interest were the effects on single-phase
natural circulation flow promoted by changes in core
power, primary pressure, and external heater power.

This report presents the uninterpreted data
from Test S-NC-1 (ANC1 and BNC1) for future
data analysis. The data, presented by graphs in
engineering units, have been analyzed only o "¢
extent necessary to ¢nsure that they are reasonable
and consistent.




SUMMARY

Test $.NC-1 is one in the Semiscale Mod-2A
Natural Circulation Test Series conducted by
EG&G ldaho, Inc., for the United States Govern-
ment. The NC Series investigates the thermal-
hydraulic phenomena resulting from operational
transients involving the loss of mechanical
primary coolant circulation in a pressurized water
reactor, and provides experimental data that can
be used to develop and assess the analytical
capability of computer models designed to predict
and analyze such transients. The objective of
Test SNC-1 was to expenimentally characterize
the thermal-hydraulic behavior of a system during
single-phase (subcooled), steady-state, natural cir-
culation flow conditions. Of special interest were
the effects on single-phase, natural circulation
flow promoted by changes in ¢r e power, primary
pressure, and external heater po.ver.

The Mod-2A system is equipped with a pressure
vessel that contains an electrically heated core and
other simulated reactor internals ai:d an external
downcomer assembly; an intact loop with steam
generator, pump, and pressurizer; and a broken
loop with steam generator. pump, and rupture
assembly. For this test, the brokzn loop and vessel
upper head were removed and replaced with end
caps, leaving the intact loop, vessel with down-
comer, and intact loop steam generator. The

intact loop pump was removed to eliminate leak-
age, and replaced with a spool piece designed to
have a hydraulic resistance scaled for a locked
rotor condition.

Natural circulation of the primary fluid was
established at a variety of primary system pres-
sures and core power levels, using the core as a
heat source and steam generator secondary as a
heat sink: low pressure, 0.48 MPa; intermediate
pressure, 3.5 MPa; high pressures, 9.1 MPa,
10.1 MPa, and 11.2MPa; and core power
between 30 and 100 kW, 1-1/2% to 5% decay
power. The primary pressure was changed as
noted above to ensure sufficient subcooling in the
primary for single phase conditions. Secondary
pressure was maintained constant during each
case.

Generally, Test S-NC-1 proceeded as specified.
Conditions that did not conform to the specified
test configuration were considered acceptable for
analysis within the test objectives.

Test S-NC-1 data are available from the NRC/
RSR Data Bank at the Idaho National Engi-
neering Laboratory. Address inquiries to EG&G
Idaho, Inc., P.O. Box 1625, Idaho Falls,
Idaho 834)%.
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EXPERIMENT DATA REPORT FOR
SEMISCALE MOD-2A NATURAL CIRCULATION
TEST SERIES
(TEST S-NC-1)

I. INTRODUCTION

The Semiscale Mod-2A experiments represent
the current phase of the Semiscale Program con-
ducted by EG&G Idaho, Inc., for the United
States Governmer:. The program, sponsored by
the Nuclear Regulatory Commission (NRC)
through the Department ¢ * Energy (DOE), is part
of the overall NRC - ates reactor research pro-
gram to investigate the response of a pressurized
water reactor (PWR) system to hypothesized loss-
ot-coolant accidents (LOCAs) and to operational
transients involving the loss of mechanical
primary coolant circulation. The underiving
objectives of the Semiscale Program are to quan-
tify the physical processes that control system
behavior during operational transients or a
LOCA, and to provide an experimental data t ase
for assessing reactor safety evaluation models.
The Semiscale Mod-2A Program has the further
objective of providing support to Oother
experimental programs in the forms of ins.rumen-
tation assessment, test series time optimization,
selection of test parameters, and comparative
evaluation of test results.

Test S-NC-1, consisting of two parts, ANCI
and BNCI1, was conducted June 24, 1981, in the
Semiscale Mod-2A system, as part of the Mod-2A
Naturai { culation Test Series (Test Series NC).
This series investigates the therma! and hydraulic
phenomena of natural circulation as a principal
core heat rejection mechanism during small-break
loss-of -coulani accidents (LOCAs) and opera-
tional transients involving the loss of mechanical
primary coolant circulation in a PWR. The series
also provides thermal-hydraulic data that can be
used to assess and develop computer codes that
predict PWR system behavior resulting from a
loss of mechanical coolant circulation. Additional
objectives for this test series include evaluaticn of
low flow, natural circulatio:i-type measurement
techniques, identification of systrm thermal-

hydraulic and measurement rtesponse during
transitions between different modes of natural cir-
culation, examination of the effect of nonconden-
sible gas on natural circulation and comparison
of data to natural circulation tests performed in
other facilities. Results will also aid in assessing
the capability of conventional PWR process
instrumentation to detect natural circulation. Due
to scaling compromises in the Mod-2A system
test results may not be directly applicable to
PWRs, but rather, may help identify dominant
parameters for quantifying PWR natural circula-
tion characteristics and himitations

The primary objective of Test S-NC-1 was to
investigate the effect of core power on single-
phase natural circulation flow at a variety of
svstem pressures, and with this data, 1o assess the
code capability to calculate single-phase natural
circulation and to predict system sensitivity 1o
changes in core power and primary pressure. In
particular, modeling of the steam generator and
svstem b Jraulic resistances and heat transfer
models were key features for evaluation. Other
objectives were to evaluate instrumentation capa-
hility 1o detect and quantify low, natural circula-
tion type, flow rates and small d:[ferential
temperatures and pressures, anc to examine Semi-
scale system typicality (scaling) by comparing
results in the Mod-2A system with those obtained
in other systems.

Test S-NC-1 is a steady-state expenment designed
to produce data that are independent of loop-to-loop
instabilities that could occur during transients. It is
also a separate effects test, which uses only a sub-
system of the Mod-2A system so that important
system parametsrs during natural circulation can be
better examined. Hardware configuration and test
parameters were scaled from, and representative of,
tvpical PWR systems and operating conditions.



This report presents the test data in an uninter-
preted but readily usable form for use by the nuclear
community in advance of detailed analysis and inter-
pretation. Section 11 briefly describes the system con-
figuration, procedures, and sequence of events for
Test S-NC-1; Section 111 gives the data graphs, com-
ments, and supporting information necessary for
interpretation of the data, A description of the
overall Semiscale Program and test series, and a

more detailed description of the Natural Circulation
Test Series, are in References | and 2. Preliminary
analysis and interpretation of S-NC-1 data are
presented in Reference 3. Additional information
posttest adjustments made to the data, and the
methodology used to establish uncertainty limits for
the data are given in Appendix A.



Il. SYSTEM, PROCEOURES, CONDITIONS, AND EVENTS
FOR TEST S-NC-1

System Configuration
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Figure 2 Semiscale Mod-2A system configuration for separate effect natural circulation—schematic.
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Midadle

Long

instrumented Long

Outlet side
.
7 ~
\ /
! Short | S »
linstrumentedy \ | Short Middle
[/
\/
\
\
\
\
\
\
\
\
\
— \
”~
\
e Sh \
\ instrumented| Short '
/ /
>
s
—
Inlet side
Long
instrumented
INEL-A18 467
Figure 6.  Semiscale Mod-2A intact loop steam 2¢ perator tubes— horizontal cross section.




Legend
® Tube wall

metal temperature

O Secondary

fluid temperature
a Primary

fluid temperature

Figure 7.

qa

f

Short tube

/

Middle tube
uninstrumented

3

Y

Qutlet side

(C)

L

A A

Inlet side
(H)

(922)

(815) _
(795)

(668)

(536)

(452)

(394) ]

(333)

(211)

(152)

- 100

<0
INEL-A-19 595
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the downcomer has fluid thermocouples at several
axial positions. Other steam generator instrumen-
tation inciudes primary tube (primary side) dif-
ferential pressure ports allowing measurements of
collapsed liquid level i the tubes. The sense lines
connecting the measurement location and the dif-
ferential pressure cell penetrate the side of the
steam generator shell at several elevations. Dif-
ferential pressure ports are located on the long
primary tube that has the thermocouples as well as
a middle tube and a short tube. Differential
pressure ports are located at the following eleva-
tions (in ¢cm) above the tube sheet: 970 ¢m in the
long tube, 905 cm in the middle tube, 92, 462, and
838 ¢m in the short tube. The differential pressure
ports are all located on the upflow side of the
primary tubes. Ports are alsc located in the inlet
and outlet plena.

References | and 2 give further details of the
Semiscale Mod-2A system and its configuration
for Test S-NC-1.
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Semiscale Mod-2A steam generator fluid thermocouple installation.

Test Preparation

In preparation for the test, the system was filled
with treated demineralized water and vented at
strategic points to ensure a liquid-full condition.
Treated demineralized water in the steam gener-
ator feedwater tank was heated to 497 K, and the
required liquid level was established in the steam
generator secondary side. Before warmup, the
system was checked for leakage, and system
instrumentation checked for operation.

Warmup

Warmup to initial test conditions was
accomplished using core power as a heat source
and the steam generator secondary as a heat sink.
Natural circulation flow thermally conditioned the
system to specified steady-state values.




Test Sequence

For the first data point, makeup pumps were
used to pressurize the primary system; for the
remaining points pressurizer heaters were used to
establish system pressure. For all cases, the
primary pressure was maintained such that a
minimum (no less than 2 K) of subcooling existzd
within the primary coolant system. Steam gener-
ator secondary fluid was kept at saturation
inzoughout the test, and the steam generator tubes
remained covered with water (collapsed level).
Once a specified condition was met, sufficient
time was allowed to establish a steady-state flow
and temperature distribution. Except during the
first steady-state condition, data were taken
continuously.

A total of seven steady-state conditions were
established, two of which involved varied external
heater operation. The first low-pressure condition
(0.48 MPa system pressure, 30 kW core power)
was established without the use of external heaters
because heat loss was very low. Next, the system
was brought to a quasi-steady-state condition
(3 MPa system pressure, 1.4 MPa secondary pres-
sure, and 30 kW core power) without external
heaters in operation. Following this, the
vessel/downcomer external heater power was
turned on to a predetermined value based on
results from the Heat Loss Characterization
Series, and the system allowed to reach another
quasi-steady-state condition. Next, the loop exter-
nal heaters were turned on and after flow and
temperature stablization the second steady-state
data point was taken. While maintaining system
primary fluid subcooling, by using core power,
secondary feed and bleed, and the pressurizer, the
third, fourth, and fifth steady-state data points
were esiablished (8.5 MPa, 10.1 MPa, and
11 MPa system pressure; 30 kW, 60 kW, and
100 kW core power), with external heater power
being adjusted according to results from the Heat
Loss Characterization Test Series to maintain a
net adiabatic pressure boundary.
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One major experimental variable was primary
system pressure. Primary pressure was adjusted
via pressurizer pressure to maintain adequate sub-
cooling in the hot leg, so that single-phase natural
circulation was assured. Cyclic pressurizer heater
operation caused small oscillations of primary
pressure during steady-state; however, the magni-
tude was so small that no significant effect was
observed. Secondary pressure was kept at the
specitied value for each steady-state natural cir-
culation case, by controlling the steam discharge
ate. The liquid leve! in the steam generator secon-
dary was kept above the top of the longest tube, so
that steam generator tubes were entirely covered
with secondary coolant throughout the test. Also
throughout the test, secondary pressure was lower
than primary pressure, and the steam generator
acted as a heat sink. Table 1 lists the sequence of
major operations on a plot time basis.

Core power was another important test vari-
able, Core power was varied to three different
values during the test, to observe the effect on
single-phase natural circulation. The sharp
increase in core power between 160 and
250 minutes corresponds to operational variations
during the pressurization process.

Data from Test S-NC-1 is presented in the fol-
lowing sections. This test consisted of five steady-
state natural circulation cases representing a
variety of system pressures and core power: and
two quasi-steady-state cases designed .0 obtain
information on external heater effects. The first
set of data, labeled ANCI, is t.ue data taken dur-
ing steady-state condition 1. The second set of
data, labeled BNC1, is the data taken during the
two quasi-steady-state conditions and during the
final four steady-state conditions.

Tabular Data for Test
Conditions

Tables 2 and 4 show conditions in the Semiscale
Mod-2A system at each steady-state test condi-
tion. Table 3 compares loop temperature distribu-
tions with and without external heaters on.



Time After Tape

Started
Real Time Operations (min)
8:00 System heatup -
11:25 Case 1 condition (ANC1) data (taken for G to 500 seconds
10 minutes)
13:23 Data tape start (BNC1) 0
13:54 Vessel heater on 31
14:53 Hot leg, pump suction, cold leg heaters on 90
15:02 Feeding steam generator 99
15:31 Raising primary pressure 128
15:35 Case 2 condition data (taken for 10 minutes) 132
16:04 Increased all band heater power 161
17:55 Case 3 condition data (taken for 10 minutes) 272
18:26 Case 4 condition data (taken for 6 minutes) 303
18:51 Case 5 condition data (taken for 10 minutes) 328
19:01 End of data acquisition (BNC1) 338
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Table 2. System parameters for steady-state test conditions

ANC1 BNC1

Parameters Case 1 Case 2 Case 3 Case 4 Case 5
Primary system pressure (MPa) 0.48 3.5 9.1 10.1 11:2
Steam generator secondary 0.16 135 5.8 5.8 5.8
pressure (MPa)
Core power (%W) oy 31.4 31.9 60 99.2
Total external heater power - 31.98 41.9 41.9 41.9
(kW)
Minimum subcooling (K) 5 14 6 5 2
Hot leg temperature (K) 410 498 568 577 586
Core AT (K) 32 27 20 29 29
AT across steam generator (K) 32 30 20 28 27
Mass flow rate (kg/s) 0.21 0.29 0.32 0.40 0.47
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Table 3. Locp temperature distribution with and without external heaters

{case 2 condition)
Temperature Distribution
(2 K)
External External
Heaters Heaters
Location Of f On
Hot leg near vessel (Spool 1) 465 500
¢~eam generator entrance (Spool 5) 463 500
Stean generator outlet (Spool 9) 447 469
Pump replacement spool (Spool PB) 442 472
Cold leg near vessel (Spool 22) 442 470
Downcomer near bottom (Elevation-435) 437 470

a. Heater power is 19.62 kW vessel-downcomer,

suction, 1.9 W cold leg.

3.77 kW hot leg, 6.69 pump
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Table 4. Measured and calculated system parameters for steady-state test conditions

Cases
(measured/calculated)

Parameter

Primary system pressure (MPa)

Steam generator secondary
pressure (MPa)

Core Power (kW)

Minimum subcooling

Hot leg temperature (K)

Core AT (K)23

Core inlet flow rate (kg/s)?

Mid-plane heater surface

temperature (K)

Steam generator liquid level
(cm)b 1015

Steam generator AT (K) 30
15

a. See Reference 3 for explanation.

b. During the test, the steam generator liquid level was maintained above
the top of the tubes. The minimum level was 998 cm.




lil. DATA PRESENTATION

This report presents the data from Semiscale
Mod-2A Test S NC-1 with brief comment. Proc-
essing analysis serves only to obtain appropriate
engineering units and to ensure that data are
reasonable and consistent. In all cases, aralysis
assumed a homogeneous fluid in converting
transducer output {0 engineering units.

The performance of the system during Test
S-NC-1 was monitored by 276 detectors. A digital
data acquisition system recorded data for Test
S-NC-1 part 1 (ANC1) at an effective sample rate
of 1.82 points per second per channel and for Test
S-NC-1 part 2 (BNC1) at 0.455 ponts. per second
per channel.

The data are presented as graphs in engineering
units, the scales selected not reflecting the
obtainable resolution of the data. Reference 1 and
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Appendix A describe the data processing tech-
niques further. Figures 1 through 8 give informa-
tion for interpretation of the data graphs. Table §
groups the measurements according to type, iden-
tifies the location and range of the detector and
actual recording range of the data acquisition
system, comments briefly on the data, and refer-
ences the detector and comments to their cor-
responding figure. Figures 9 through 416 (data
graphs) present all the data obtained. Appendix A
explains the capabilities of the data acquisition
system, explains posttest data adjustments, and
presents an analysis of the uncertainty associated
with data measurements in the Semiscale Mod-2A
System.

The data plots (Figures 9 through 416) and the
appendix are ¢n microfiche attached to the inside
back cover of this report.



Table 5. Data presentation for S-NC-1

Date isiti e
o Messeremest _ Lecation wd Comeests® _ Detector  __Systes  __ Wigews'  __ Messsressss Comsats’
FLUID TEMPERATURE Mrone! ~Alumel thermocouples, unless
specifind arherwise,
Iatect loon Qo I3 K Ote 820 ¢
™wivi Hot leg, Spool 1, 50 ¢m from veasel 9,208
center.
Ridds Not leg, Spowl ¥, port ¥, 270 cm frem 1007
vessel center.
TFI%G Mot leg, Spow!l &, 100 cm froe vessel 11208
center.
TFIvS Hot lag, Spool ., M) em fram vessel 12:209
center.
TFIey Coid leg, Spocl 9, 1017 em from down- 3210
comer center .
TFI®1S Celd leg. Spoal 1%, 642 cm from down- Tant
comer center.
TEI*PRE Cold leg, Spoal P8, 210 cm from dows- 5252
comer center,
Triell Cold leg, Spoal 21, 138 cm from down~ 1621
comer cester,
-
TP 22 Cold leg, Sponl 71, &8 cm from down- 17,35
comer center.
Downe ome v 2tn IS X 0 to 520K
TIVIDC-18 Dowstomer extession, 18 o= below cold 1808
ieg center.
TRVODC -84 Downcomer sxtemsion, 84 cw helow cold 19{21s
ieg center.
TSveRc-2 70 Downcomer exteénsion, 170 cm delow cold 0520
leg center.
TRV DC-29) Dewncomey extension, 297 cw below cold ;8
leg center,
TIVeDC -4 0% Downcomer instrument spoo!, 436 cw N
helow cold leg center.
0te 1533 K o 820 K
TYVeLP-552 531 em below cold leg centeriine. 3200
Vesse! Uppar Flemum D iSBA K 0 to 820 K
TPVOUPR- 18 38 cm Selow cold leg centeriine ot Wt
0",
TIVOUPM-i 3 13 em Selow cold leg centerline ot N
180°,
Core Grid Specers D 53 X o te 5800 K
Grid Spacer 1 W90 cm helow cold leg centeriine, & om
abive bottom of heated length.
TEVEDA S In space defined by Columns D and E, PLTS o4 ]
Rows & and %,
Grid Spacer & 370 tw below cold jeg centerline,
12% c» sbove bottom of heated length.
THUTR1.124 In spece defined by Columns B and C, 7.1
fows ) and &,
Grid Spacer 3 1M cm below cold leg centerline,
166 co above dottom of heated length.
TIVeR il se in spoce defined By Columas B and C, 228
Sows ) and 4.
Crid Spacer & 290 cm below cold leg centerline,
206 cw shove bottom of hested lesgth.
TIVeE 3206 In space defined by Columns 8 ond C, 29;228

Rowe 3 and 4.




Table 5. (continued)

Dat Acguisition m'
tocetion end Comments® Getecter  __ Systew

Grid Spacer §
THVAL+ 36
Grid et 10
TPV*Ads M8
Stesm Canerstor
Intact loep,
Primazy Side
TFIP+LE3D
TRIPSEBL
TPIPSLNIS
IPITeLNZIN
TRIPeLRASY
TPIFsLE6SR
TOTRLNTRS
TRIPeSAN; S
TRIFsLR2?
TEIP 866
TFIPeSCIN
TIIPSLCINY
THIPesCIIY
rireLcll

Ingact Leop,
Sesondary Side
TISCYICAT
TFSCOIGET™H
TrISeDed s
TRISODLS)
TPIS*DeLS2
TYiSesuRs

TFIS+5C3IN

TRIS«GR4%2

210 cm below cold leg centerline,
8% cm above bottom of hested leagth.

In space defined by Colusns A and B,
Rows & and 5.

170 om below cold leg centerline,
326 cm sbove bottom of hested lengeh.

In spsce defined by Columns A and B,
Sows & and 5.

130 om Selow cold leg conteriine,
¥6h c= sbove bortos of hested jangth.

In space defined by Columns A and §,

Fows & and 5.

D I53 8 0 te 820X
Betwess Spocls 7 and §.
In loag tube, Bot side, M0 cm shove
top of “ubse sheet.
In short tube, hot side, 8 cm above
tap of tube sheet,
In long tube, hot side, 152 cw above
tap of tube sheet,
In long tube, hot side., 711 on shove
top of tude sheet.
In long vabe, hot side, 437 t» shove
top of tube sheet.
in long tube, hot side, A68 cw sbove
rop of tube sheet.
In long tube, Yot side, 7R3 cm sbove
top of tube sheet.
In short tube, hot side, 15 cm sbove
top of tube sheet.
In long tube, hot side, 917 ¢w sbove
top of tube sheet.
In short tubs, cold side, 568 om sbove
top of tube sheet.
In short tube, cold side, 331 cm above
top of tube oaeet.
In long tube, tsld side, 13) cm above
top of tube sheat.
In short tube, cold side, 211 ¢ shove
top of tude eheel.
in long tube, cold side, 211 cm sbowe
top of Tude sheet.

Cro iSI R LEZH o

In feedwnter line Lo steam generstor
fond ring.

Io stesm line from stesm generatar
steam dome.

1s downcomer, %14 cm above top of tube
theet .

In douncomey, 457 ¢co adove op of tude
sheet

In dowmcomer, 151 em t“ove top of tube
sheat .

On short tube, ot side, 84 cw sbove
top of tube sheer.

On short tube, cold side, 111 cm shove
top of tube sheet.

On short tube, hot side, 457 cw above
top of tube shwet.
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—tiguee

wu?

3N s

32.229

Mne

B

85092

ELEV A L)

T

v

LIEEs

2228

al.2s0

e 281

5182

LIS L)

A7 06

48165

49248

o

51,288

52,28

§3;2%

$6: 7%



Table §. (continued)

g

TFISeLuio
TEISSLON
TRIS+Lusa

TPIS+LOM

e ——

TrISeiRlS2

TFISSLNY

TPESeLoll

TFIS+1033)

TFISeL%

T e S —

TRISeLM ST

TPIS+LO6S2

TFIS+LuS 36

TPIS»LEAS

TrIS=LN9?

Pressarizer
TrePRZS 112

WETAL TEMPERATUSE

ntect

™Ie}

™IS

T™I®PER

™YC-213

THeSDC-2%s

e e e e

-

e Measurewest ____ locstion awi Camemts®

On long tube, het side, 30 cm suove
top of tube sheet.

On long tube, cold wide, 3 cm shove
top of tube sheet.

Ou long tube, hot side, B tm above
top of tude sheet.

On long tube, cold side, B4 o sbove
top of tube sheet.

On long tube. Mot side, 157 cm ebove
top of tube sheet.

O long tute, Bot side, 211 em ahove
tap of tube sheet.

On iong tube, cold side, 711 ¢» shove
top of tube sheer.

On long tube, cald side, Y3V s sbove
top of tube sheet.

On long tube, hot side, ¥9 om abowe
top of tuse sheet.

Do long tube, Bot side, 452 ¢w ahowe
top of tube shest.

On losg tube, cold side, 457 em showe
top of tube sheet.

O long tube, hot side, 318 ce shove
top of tube sheet.

On lomg tude, bor side, 8% cu above
top of tube sheet,

Ow long tube, not alde, %12 cm sbowe
top of tude sheet.

in top of pressuricer, i3] = sbove
wxit te sargs line.

In surge line, 71 cm bSelow entrance
o pressurizer,

Ir surge line, at entraocce to lotert
leop, Spoal ) port P, M4 e from
wesse!l centar.

Chrome | ~Alume| thersocouplies unless
specified otherwise.

#or leg, Spoel 1, 1.6 wm from pipe
impide digmeter (ID), 48 oo from
veszal center.

ot leg, Spool &, 1.6 wm froe pipe 1D,
300 ow from vessal center.

Cald leg, Spoel 15, 1.6 sm from pipe
10, 848 cw from dowscomer center.

Coald leg, Spool PR, 1.5 sm from pipe
1B, 247 em from downcomer cester.

Downe omer extension, 18 cm helow cold
leg center.

Downcomer extension, 121 e below cold
leg center.

Downcomer extenslon, 294 ow below cold
lag cente~,

Dowecomar instrument spool, 415 ow
below coid leg center.

Dets Eg\gli- u
_System  __ Figuwe®  _ Weawuremsst Comments’

Detactor

Sta 121

e iSN3N

0 eo IR

Gto 870 %

?eo 820K

0 te 520 %

a2

56:35)

175154

58258

2%

L Pl L

$3,2%%

6,261

7,265

SR 2%

9,748

0. 164

wr

71168

72,088

nive

THaan

maan

W2

1274

78;20%

ANCL only.

L only.
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Table 5. (continued) |
. :
—Deta Acquisicion Reage
L Messeremsst  ____ tscetie was Commests® __ Getester  _ Sywwes  __ Figuee  ____ Nessressst Coments® '
:
vessel ota 133 K © to MI6 K :
:
THVeLIRSRT Lower ylenun, 47 oo Selow cold leg wans i
conterline at 7407 |
TS0 -152 Core housing, 151 om below cold leg 00;277 1
comterline. !
|
TWYeSC-212 Tove Souwing, 22 oo delow cold leg LIFRE. L‘
centeriine. \
w 8o M3 R fre NOR !
‘
:
THICHLNY On lomg tube, Mot lag OB, ¥ cw above 3228 :
top of tube sheet. |
TRICLESA On long tube, hot leg OB, & c@ above 83,780 :(‘
top of tude shest. .‘
|
TRIGLNZIIL On long tube, bat leg 00, 211 2w sbove LTS 20 i
top of tube shest.
THICLIRS2 On Jomg tide, het leg 0D, 437 s above Detector failed. :
top af tube sheet.
TG LRRGR On long tube, Bot leg 00, $88 cm abowe 95,282
top of tube sheet,
:
™ICLCYD On loag tube, cold leg 0D, 30 oo showe 86 IRy ‘
top of tube sheet.
TRIGOLEI L T long tebe, cold leg OB, 2i) em shove LA L ‘
tap o tube sheer. :
THIGOLCAST G0 long tebe, cold leg M0, 437 &n above LIS :
top of tebe sheet. :
:
THIGA0852 On ahort tube, told leg 00, &3] cw 98 :
above tiep of tube sheer.
T™iCerP2r On filler plece namber IC. 0.
:
Errernal Weaters Thermocouples on pipe outside sarféce, O s 1STY E O te A0 R
i_ wnder an exteraal band heater.
Intece tosy
:
T™EN® T Mot lag, Spoet ¥, 347 re f2 e vessel 1288 “
center. i
:
THEReE Cold lep. Spoo: 8, 10BI ew feom down~ Ar 28 :
comer cester. i
MRS fatd Teg, Spool T4, 342 o= from dows- *.3%0 '\
Comey center. |‘
THER2 Cold feg, Spon’ 12, 62 cm from down~ "o
Coamey conter. :
:
a Vesael 0 to 1S3 K G 20X :
g ‘
THENSD- 237 On Aowncomer, 7 em Below sold leg 9%.2%2 \
conter. s
N
TMERST-TA0 Core honsing. 5 . o= Selow coid leg 05,29 '\
centericne. |
TMERSY -1 %0 Lo e houeing, 195 co b’ w £old leg 9% :
cmnterline. ]
E THERSYs |81 Upper pinnam, 1080 = sbove exid lex 8188
conteriine.
MATERIAL TEMPERATUNE T-Alumel t) iee unless
othervise specified, 1
fxternal Resters Thermoccupies oo eaternal hand hester 8 to ISR 0o 820 X 1
outwide seriste, ander insulstion. :
: Intect Leop :
TEWY Mot leg. Speel 3, 1% cm from wessel 8,29 i
tonter. |
TRNS Mot leg, Spoel 7, 7T om from vesse! 106,297 t
COATEC. [
:
| TENsy Cald leg, Speol #, 10AT cm from down- 101208
1 comey center.
|
]
|

B e ———




B .

I SN,

e e e

Table 5. (continued)

ic_gﬂg_;
TENeL2
TENSPAR

TEW22

Yesanl

TIND-237
TEROY- 160
TEHOV- 198
TENTYe 101

CORE HEATER CLAING

TEMPERATURE

High Power Bus Hesters

TRVSR2+15
THVERZ419%

THY*R3+ 156
THYOBLeI2T
THVeCI+321
THVSCYe Y

™VSCIe N
THYCL 187
TRVSDZ 4254
THV*DG+ 179
THYSDG 4352

Low , cwer Bus Heaters

THVEAZS112

THV*AY 08

TRYTALe29

THVEAL <355

THVeRL+IR)

TRV*R1+25%

THVRSe 22

TRVSC] #2602

TRVECS 4290

Locatinn and gg_-_u‘

Cold leg, Spool 12, 00 cm from #own-
comer center.

Cold lez, Spool P8, 24) ¢e from down~
OBy center.

Cold leg, Spon! 22, &1 ow from downm-
comer center.

On dowscomer, 1317 c® below cold leg
center.

Tors housing, YO0 em below cold leg
centerline,

Core housing, 196 om Selow cold leg
centerline,

Upper plesce, 101 om shove cold leg
contarline.

Neater at Column B, Row 2. Thermo-
couples st 39 om (90", and 194 o
(50%) abowe Sottom of hested length.

Hester at Cotumn 8, Row 3. Thermo~
toupie et 154 sm (180%) shove
bottom of heated leagrh.

Rester at Cplumn B, Row &, Therme-
couple st 327 em (0%) above
bottom of hested lessth.

Heater ot Column C, Row 2. Thermo-

rouple at 321 om 1180%) showe

bottom of heated length,
ar
ar

Heater Coluan C, Row 3. Therma~
couple 79 cm (757), and 1M1 o=
(54"7 abowve bottom of hested length.

Heater at Column C, Row 4. Thermo-
couple ot 187 em (1827) above
bortom of hested length.

Hester at Column B, Row 1. Thermo~
couple st 256 cm 13%51%) abowe
sottem of heated lemgth.

Heater a4t Column D, Row 4. Thermo-
suples at 179 om (24%), and ¥52 om
(170%) adove bottom of hoated length.

Heater at Column A, Row 7. Thersa-
couple a2t 111 cm (292%) evave
bottom of heateo lengeh.

Heatar at Tolume A, Fow 3. Thermo~
couples at 208 cm (121°), end 29) o=
(270"} above bottom [ heated langth.

Hester at Column A, Wow & Thermo~
couple at 353 cm (170%) sbuve bottom
of heated length.

Heater at Column B, Bow 1. Therso-
couples at 183 co (I31%), and 290
(1%} absve botrom of heated lempch.

K ater at Column B, Row 5. Thermo-
couple st 252 em (22°) sbowe bottoe
of hested length.

Haater ot Column C, fow 1. Thermo~
couple at 191 e= (0*) above bottom
of heatwd leagch.

Heater at Column C, Row 5. Thermo-
couplie at 290 co (180%) above bottom
af heated leagth.

Dats Acquisition Range
Syetem Figure'

Detector

Oca 1SR

Seo 1S3 ¥

fto 1S3 R

.

0 to 820 %

€ to 1580 x

 to 1580 ¥

102,29%

10%; 00

1943061

105;302

106 304

8T 308

108,308

1087

11308

s ne

13,1

a2

15382

16304

;%58
IRL S T 3

uwnr

1208

121318

132,320

123371

i m

1250

126,324

s

. Messuremesc Comments”

BECL on .




P T -

Low ¥ Bus Beate

THV*RA+1 30

pien2

Vesne!

PYNDT~435
LP-al2
pyp-12

Freasusier
POFR7 158

STEAN GENERATOR

Iacect inop
PECTIGIDN

PEOVICITR
BIFFERENTTAL PRESSURE
Intsct Laop

Lo g8 g A

DEIvieIC

BIOW -3 e

MGC-S1Eed?

DICYISES4SD

iotation and Comments® Detector sysces

Heater at Column £, Row «. Thermo-
couple at 2130 em (3%
of heate? length.

Hot leg, Spool i, 80 cm from wessel 0o 17,26 WP
canter.

Het leg, (stess gemeraior iniet leg),
Spocl 5, 381 cm from vessel Cester.

Stesm generator priméry side, in long
tube, hot side, 377 owm sbowe top of
tube sheet.

Cold leg (stesm generstor outlet leg),
Speal %, 017 ¢m from downcomer centar.

Cold leg (pump swction leg), Spool 14,
100 e from downcomer cester.

Cecld leg (pump Sypass leg), Sponi PO,
210 cm from downcomer center.

Cold leg, Sponl 22, 0 ew from down~
comer center.

1= dowmcomer instrument spool, &1% om 0 te 17.26 WP
deiow cold leg center,

10 lower plenum, 44l oo heiow 0old
ieg centerline.

in upper plenum, 1} cm Below cold
leg renterline.

In pressaricer steam dome, %6 cwm whowe O to 17.74 WP
exit to surge line.

Secondery side.

in feedwoter supsly line to intect 0te 1770 ¥pe
generator.
In stesm discharge line from (atact 0 to .89 NPy
generator.

Elevation diffarence Setwesn transducer
tape is wero unless spa.ified
otherwice.

From vesse! upper planus #t 11 cm (07) .97 &P
helow cold leg center tp WOt leg,

Spool |, 0 cm from vessel center.

Vpper plenum tap 18 1) om below

Spoal | tep.

From hot leg, Spool 1, 60 cm from 44,57 wPa
vease! center to hot lag. Spool 3,
port ¢, 106 ce from wessel cester.

From hot leg, Spool 3, port ©, 104 ce 2487 xPa
from vesss|l center to stess generator

entrance plenum, 55 cm below the tep

of the tube shest snd 488 cm from

wvesse! cester. Spool 7 tap iw 185 ow

belov steam generstor Tep.

From stesam generator entreance plenom, +24.8) xPa
5% om below top of tube sheet to short

tobe, upflion lag ot 97 o= shove top

of tube eheet. Entrai e ;lenwm tap i

147 cm Below tube tap.

From stesm generator entrance plesum, 474.8) wPs
35 co below top of tube sheet to short
tube, upflow leg #t 48] c= adove top

Sf 2R nd 088" runltiggnee plenum tep Lo

21.8% wra

71.03 Wpa

20.72 WPa

22.8% Wra

0,26 WP

1.7 WPs

0 to 21.5 Ws

0 to 20.04 WP

0 to 10,88 NPa

9 to 11.64 M

0 to 0.8 s

0 te 21,06 NPe

D to B.540 s

+5.82 x¥n

17,005 k¥

£95.20 kP

33,78 WP

*101.1 whe

12907

1%;328

mne

132;3%

1333

136,332

13530

10,1

137:30%

138:334

139

140, 338

Wi

142, %0

3l BN enly.

163,52

164 380

145, %4
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Table 5. (continued)

D Meaacesss  ____ lscetionest Comessss®  _ Detecter . Syetes . Vigere®  ___  Seesuresest Commests |

DIGIIE-04 From steam g ent rance pl 1283t XPs 2183.7 kPa Detactor failed,
5% om below top of tube sheet to
short tube, upflow side of spes at
238 cm abowe tep of tube sheet.
Entrance plecum tap is 197 om sdove
tube tap.

DICHSE+A08 From steam generstor entrance plenue, L1208 WP 21674 wPe 148, 5
55 e= below top of tube sheet to middle
tude, upflow side of apex at WS o=
sbowe top of tube sheet. Entrance
plenum tap ix 940 cm Below tube cap.

DIS-SYEANX From ateas groerator eatryance plenem tIAAL WP IOt WPe 142 ANCL ealy.
to wteam gemerator exit plesus, acroes
stesm generstor primary eide. Roth
taps are % o» Delow 159 af tude eheer.

DICPIG-18Te8 From stesm geserstor #mit plenum, S cm 4.8 ¥Pe +6.80 wPa 14686
seiow top of tube sheet ts cold lag,
Spool §, 1017 ca from dowmcomer center.
Exit pleaus tap ie 10 cm shove Spool ¢ |
Tee.

l S reaeis From cold leg, Speol 3, 1017 cm from +24.87 ¥¥s 25468 WP 16937

Cowncomer cester to cald lag. %posl 1s,

00 v from downcomer cestar. Speol ¥

tap is 380 cm above Spocl 16 tep. ‘

L2402 ) Trom cold leg, Spool 14, 700 om from 22487 WPa #3378 wPa 15038 )
center to cold leg Spocl 78,
port A, #02 cm frow downcpmer cenier,

Spool 14 tep is 28) zm Selos Spoel ¥ )

ap.

BPIeeeTIA Teom cold leg, Spoal §, 1017 ow from 410,43 P 2I0.18 wPs 151548
Aswwcomer veatar te cold leg, Seool PR,
port A, S02 cm free dewwcomer centey
1 Speal ¥ ten is 97 o sdowe Sponl PR :
tap. ,{

DPIYPRAYE From zold leg, Sposl PR, port A, 402 oe  PSAS.ST APe +5%81.5 kP Detector fatled,
f1 e dowmsomer cepter to told lag,
¢ Spool P8, port B, 210 ce from downcome {
center. Aoross pusy replacemeat :
erifire.

neIePARell Prom told leg, Spool FB, port §, Ji0 cn SI.AT ¥Pa 164 WP 152950
from downcomes canter Yo cold leg, :
Spoal 121, 60 co from down seer cenler. y

SeIITevDIS From cold leg, Spoel £2, 80 = from 234687 Ak $11.41 iPe 1338
iozter to d inter
anmulus, 79 ce sbave sold lag cemter- :
Yine. Spool 12 tap is 7% cw below
inlet ammuiud tap. .

LPRZLSEE Ligwid leve] in pressurizer, from 148 cw 13,43 aPe 1813 P2 Detector tailed.
sbove axit o surge lime, fo 2% om ’
above wxit to surge line. Elevation |
Aiffurenze Setwesn taps in 13) om.

DPePRZe I3 Prom prasseriter hottom, 15 cw ehove +3447.5 KPa $3482.0 &P 156,582
axit to scrge line, to hot leg,
Spoel 3, pert C. Acroes surge lise.
Flevarion 4ifierence Setwses tape (&
156 em.

Stesw Generatsr Primary side liguid level.

LIPSI0-558 From lone tube, wpflow side of apex, st *124.3% ¥Pe 1645 wie 155,353
W78 em sbove top of tube sheet, o
entrance plenum, 9% om below top uf
tubs sheet. Elevstion difference . '
Setween taps i 1070 oa,

LIPYYO-4%x Prom lomg tebe, wpflow cide of spex, at *198.9% kP 2274.8 WPa 156984
w shove top of tube shaet to ewit
plevum, 33 = belaw top of tube sheet.
L 3 fen 1Y raps s
1828 co. .’
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Table 5. (continued)

LWe9-170

L¥(0-578

LYBe29-578

s-318-301

LY-=3504-184

LY<10% 180

VAR

LV 14"

LV-5TB+140

[RERRR) 0 L

LIstiiTenn

arels

Giers

e L S Bl e

—lSG0t 0 ool Comegere
Liguit iewel.

Downcomer iniet answiue, 39 cm edove
cold leg centerlime 1o downcomer
extension, 170 om below cold leg

between taps is 199 o

Downcomer extension, 170 ce telow cold
leg centeriine o vassel lower heed,
578 cm delow coid leg centerline.
Flevation 4l fference Setween taps I
08 em.

Downcomer iniet anesice, I8 om above
cold ieg centiriine to wwesel lower
Sead, 378 om Selow cold leg centerline.
Elewation difference Datween faps i
T owm.

Vasu:! i heed, 578 em balow cald
ieg centarl. e to Lower core regioe,
531 ce below cold leg renterline.
Elevation diffarence Setwesr taps is
7 om

Vessel lower core regios, 301 om belew
cald leg centerline 12 hester rod
ground hub, 195 ce balow cold leg
centerline, Elevation difference
Detweer taps Le 308 cu.

Yessel heater rod ground hud, 105 o=
below cold leg centerline to apper
plenus snd cap, 16D ce adowve cold leg
centerline. Tlevation difference
between taps (s 245 om.

Vesesl lover head 378 ¢m below cold
lag centerline to swer section of
wpper plenwe, L3 cx bSelow cold leg
centeriine, Elevation #ifference
Betwenr taps i A% ow.

Vesse! Lower serticn of upper 7lesum,
13 cr below zold iy centerline (st
180 ) te spper plenum and cap, 140 or
Above cold leg teaterline. Elevation
4ifferenca detwe n taps is 15) ow,

Vessn! lower head, 78 @ Below cold
jen centeriine te upper plemue end cap,
140 e» showe cold leg centeriine.
Elevation 4, ffavance Datween Lapy i¢
iR em.

Secondary side.

Across arifice in lotece loop stesm
gemerats, Teedwater supply line.

Acroes srifice in istart leop stese
generator atess ewhaust line.

intect lacp secondary side liquid level
trom 1117 ¢ abowe top of tube sheat to
480 em above top of tube sheet, Kleve-
tion difference betwenr taps ix 507 om.

Intat. leop secoodary side liguid leve!
from 3117 om sbove top of tube sheer to
90 em ahove top of tube sheet. Fleva-
tion difference Setwesn taps is

1027 ow.

Turbine flowmersr, Sidiractional.

#ot leg, Speol 1, M co from vessel
center.

Bot teg (steam generator inler leg),
Spool &, 408 c» from vesse! cester.

Cold leg ‘puep suction leg), Sesol 15,
429 cw from Sowmcomer center.

Loid leg {pusp Sypess instrument wpool),
Spool P8 downstresn from orifice,
2175 em from drwncomer ceater.

Cold lag, Spool 77, W ca from down-
comer cester.

L e S Bkl Sl

s B

40T WP

78,61 Wb

12408 WP

211,80 wPa

21906.9% WPa

276,81 xPa

124,05 wPa

1687 wba

S104.Y5 kP

+198.%% LPe

124,30 ¥Pp

210695 WP

U265 WP

1.9 /s
to #19 tis

2018 Ve
e 1.8 0e

*1.9 vs
to 9.8 wis

.18 i
te 24,3 We

.08 s
to 2.4 ofe

231,22 xPe

2107.6 kPa

$172.5 wia

6. 9T wPa

1264.0 xPe

ALY wha

21781 kPa

2128 abe

Ti6A. L wPe

£376.2 P

tiNE.T wPs

$174.7 W

176,35 WPa

9.0 /s

ORI Y

9.0 /s

%0 wie

5.0 e

157,398

158356

158,987

161,259

182,380

1634

164 062

165,383

164364

167385

199,387

\r0
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Yeasel
QVeDC-4a2) Downcomer iostrusent spool, A2 com 20.13 o/ .0 b/s [RFFS 14
below cold leg center. te t1.58% w/ia
QUeEPeL Core exit, | om above cold leg 228 Ain 0.0 t/e m S S
centerline. to 228.0 t/s
DENSTTY
lntect Loop .8 to & to
1600 kg/n’ 1400 kp/w?
ney ot leg, Spoel I, 7 tm from weasel 1 ANCL only.
RS Y cester. T (tangestisl) ranges 2707 17597
Alelc ta 360", 8 (hody) ranges 30° e 330°, e ANC] oniy.
€ is & mathametical compasite of
T and A
"IesM %5t leg [etesm gene ator inlet leg), 12737
RIS Spool 5 (wertical), 167 so from wvessel 178078
Kiesg center. ¥ (middle) ranges 0° po 180%. 178,97
1inetde) ranges 40" to 120%. € ia n
mathesstical composite of ™ and [,
RYSTRT Cold leg [pump Sypess lep), Spool PR, 180378
RIvpRm 200 em feom downmcomer tenter. T ltop! FLIEE 2, )
RIepRC ranges 0° re L20". MW (wmiddle) ranges 182,380
B to 180%, € is & methemstical
compoaits of T and ¥,
nieT Calé leg, Spool 22, ) ca From down~ 18); 381 .
LaSabs | comer center, T (tangentiall ranges 184382
wre2e I70% te 0%, B (hody! vangex 30* to 185383
Y. € is o mathematical composite of
T oand N,
Vease! 1.6 te 0t
i 14050 wp/m’ 1600 kg lwd
K90C~72 Dowscomer, 71 cm Selow cold leg cenmtor- 186,184
Vine. B (body) ranges ¥0© ve 330°.
AVIDC- 250 Downcomer, 160 cm Selow vold leg 187,385
centerlise. B (body) raoges J0° to
ne*.
WVEDC 446 Donmcomer, 4% oo helow cald leg 188,584
centerline. § (bodyi ranges 3° ro
Y.
BVeAB-S Sin om velow bottom of cove heated 199587
length, between hestor rod Columns A
and %.
LA RS 13 om sbove Bottom of cove heated 19G; 188
length, between heater cod Rows 7
and X
RV*13-111 113 em above bottom af core heated 91w
Lewath, batvern heater rod Wowe 7
and 3.
AYSAR«] T 173 o= shove Sottom al cors heated 197;,3%
length, between heater rod Colomms A
ant B,
AVEINeI8Y 183 cm above bSottom of core hesied 9
length, between heater vod Rows )
and 3.
Ave23e233 TET cm abawe bottom of core Sested 194297
Ton th, Setween heater rod Rows )
#0a 3.
RYOAB+INZ 3137 cm adowe bottem of core heated Detector fatled.
iength, be' ween heater rod Coluomas A
and B,
BRI N2 347 cm above bottom of core heated Detector failed.
Iangth berween hester rod Rows 2
and ).
el Vessel at base of core flow Lnstrument 195:%9)
housing, 11 cm below coid leg
tenterline,
WASS FLOW RATE or sass flow is deter-

Mase flow rate obtained by combining Renge
deneity (gewma sttecustion techaique) wined

with velumetric flow rate (turbine
flowmarer).

-
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Intace toop
0188, RIS Hot leg (stess gemerator inier leg), e W) only.®
Sponl 7.
1 QIePR, RIPEC Cold leg (pump bypess leg), Spasl PE. 196,385
1 QIe3, RININC Cold leg, Sposl 22. 197, 3% e
OVeDc-423, Downcome: instroment spool. 198,387
: RYSDC-4 36
' CORE CHARACTERISTICS
| Nigh Povar Bus
l TVRRIPERYS Core curtenst. 0 ta 10,000 & 0 to 10,030 & 199398
| EvuIPRTS Cove woltage. 0 te AOD ¥ o to 402 ¥ 200199
Law Povar Bup
I IVeLOPWNIS Crem curvest. 0 to 10,000 & 0 ro 9330 A 01,400
. EVTLOPFURS tare eoltage. O ve &30 ¥ 0 to 02V 107 400
" Caicalared Power
! NI Fower for high power bus. 203,407
‘ WL Power for low power Bus. 204 W0
1 FUReTOTC Total power for high smd low power 109406
| s,
) BAMD HEATER
) CRARACTERISTICS
| Pows: Supply 357 Core wveswel and downcomer.
II FECRAND IS FBeater voltage. Geo 200 Gro 250V ans 8L anly.
THERAND 3ST Heater o rrest. 0 ta 0O A D to 0N A ade BNC) omly.
l CIVERCVESS Lalculated power. “n el snly.
: Power Supply 158 Tetact loop, pump euction (Spesise 13
. through 16).
! EWORAND )58 Frater woltage. T to 300V ODto 330V o7 WNCl only.
i THORAND 1SR Heater carvest. 0 re 300 & 0 to &80 A 0% ANCT only.
. EWTENILIS Caloulated power. “le WNCL omiy.
' Power Supply 0 Tatact ioop, sold leg (Spools 78, 21,
and 230,
) TARRAND 14 Neater voltage. LRIE 0 te 2% ¥ s o leon iy
I 1HREND 36D Wester current. 0 to 100 A 0 te 200 4 a0 BRCY only.
1 CWeENSCL faleule od power. a1 INCL emly .
: Power Supply 361 ::t)u( iowy, ket lex (Spools | through
ENSBANDIG | Heaier voltage 0o 200V Dto 250V ars M1 anly.
IHSBAND Y61 Hester corvemt. 0 to 150 A D eo 200 A 4l ML only.
FWSTRON Calculated power. s ANCL only.

@. Statements 4 the beginniag of ¥ seasuresen! category regarding location end comments. range, and figore apply to all subsequent messurements within the
glven category unless apecifisd otherwise.

b. Detwctors thet were subjected *o owerrenge conditions during portions of the test vere 1e of wi ding these condits change in
cperatiop or messuring charscteristice when the physicsl conditions were again within the ‘nm range.

' ©. Tisnaducer mot calibrared Below The arated detector range. Use data for tvend idantification ealy.

|
|
|
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