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ABSTRACT

. Recorded test data are presented for Test S-29-3 of the Semiscale Mod-1 specral heat
transfer test series. This test is among several Semlscale Mod-1 experiments conducted to
investigate the thermal and hydraulic phenomena accompanying a hypothesized loss-of-
coolant accident in'd pressurized water reactor system.

Test S-29-3 was conducted from an initial cold leg fluid temperature of 544°F and an
initial pressure of 1,760 psia. A simulated double-ended offset shear cold leg break was used
to investigate the system response to a depressurization transient starting from a lower
initial pressure than that usually associated with pressurized water reactor operation. System
flow,was set to achieve a full core fluid temperature differential of 66°F at full core power
of 1.6 MW. The flow resistance of the intact loop was based on core area scaling. An
electrically heated core with a peaked radial power profile was used in the pressure vessel to
simulate the effects of a nuclear core. During system depressurization, core power was
reduced from the initial level of 1.6 MW to simulate the surface heat flux response of
nuclear fuel rods until such time that departure from nucleate boﬂmg might occur.

Blowdown to the pressure suppression system was accompanied by simulated
emergency core cooling injection into both the intact and broken loops. Coolant injection
was continued until test termination at 200 seconds after initiation of blowdown.

The purpose of this report is to make available the uninterpreted data from

Test $-29-3 for future data analysis and test results reporting activities. The data, presented

in the form of graphs in engineering units, have been analyzed only to the extent neeessary

tp assure that they are reasonable and consistent.
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SUMMARY

Test S-29-3 was performed as part of the Semiscale Mod-1 portion of the Semiscale
Program conducted by Aerojet Nuclear Company for the United States Government. This
test was part of the special Semiscale Mod-1 test series (Test Series 29), performed to
investigate the response of the Mod-1 system to specific individual variations in test
conditions. Hardware configuration and test parameters were selected to yield a system
response that simulates the response of a pressurized water reactor to a hypothe31zed
loss-of-coolant accident with subsequent refill and reflood.

Test S-29-3 utilized the Semiscale Mod-1 system, equipped ‘as follows: a pressure
vessel with internals; an intact loop with active pump, steam generator, and pressurizer; a
broken loop with simulated pump, simulated steam generator, and rupture assemblies; and a
pressure suppression system with header, pressure suppression tank, and a heated steam
supply system. A low pressure coolant injection pump and coolant injection accumulator
were provided for each system loop. The electrically heated core consisted of 40 heater rods
with a maximum' total power capacity of 1.6 MW. Of the 40 heater rods, 39 were active,
Rod H-5 having failed prior to the start of the test. The test objectives specific to
Test S-29-3 were:(a) to determine the effects of reduced initial pressure on the blowdown
heat transfer characteristics of the Mod-1 core, and (b) to investigate the response of the
Mod-1 system to a combined blowdown and reflood transient with radial power peaking in
the heated core. The test was conducted from initial conditions of approximately 1,760 psia
and 544°F (at the intact loop cold leg vessel inlet) with a simulated full ‘size (200%)
double-ended offset shear of the cold leg broken loop piping at an initial core power level of
1.6 MW and an initial core inlet flow rate of 148 gpm. The instantaneous offset shear of the
broken loop cold leg piping was simulated. by: simultaneous - actuatien - (within

-10 milliseconds) of the rupture assemblies. After initiation of blowdown, power to the

heated core was reduced to simulate the heat flux response of nuclear fuel rods until such
time as departure from nucleate boiling might occur. ‘Blowdown was accompanied by
simulated emergency core coolant injection into the cold leg piping of both the intact and
broken loops.

Test S-29-3 was generally conducted as specified. Conditions whichdid not:cornform
to the specified test configuration were considered acceptable for analysis purposes within
the test objectives. The instrumentation used in Test S-29-3 generally functloned as

“intended. Of 215 measurements attempted, all produced usable data: -
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EXPERTMENT DATA REPORT FOR SEMISCALE MOD-1
TEST S-29-3
(INTEGRAL TEST FROM REDUCED INITIAL PRESSURE)

I. INTRODUCTION

The Semiscale Mod-1 experiments represent the current phase of the Semiscale
Program conducted by Aerojet. Nuclear Company for the United States Government. The
program, which is sponsored by the Nuclear Regulatory Commission through the Energy
Research and Development Administration, is part of the overall program designed to
investigate the response of a pressurized water reactor system to a hypothesized
loss-of-coolant accident (LOCA). The underlying objectives of the Semiscale project are to
quantify the physical processes controlling system behavior during a LOCA and to provide
an experimental data base for assessing reactor safety evaluation models. The Semiscale
Mod-1 program has the further objective of providing support to other experimental
programs in the form of instrumentation assessment, optimization of test series, selection of
test parameters, and evaluation of test results.

Test S-29-3 was conducted on May 7, 1976, in the Semiscale Mod-1 system as part of
a series of special tests (Test Series 29), which was designed to obtain thermal-hydraulic

" response data from blowdown and reflood transients to allow the effects of individually

varied system parameters to be studied. Test S-29-3 was conducted in a cold-leg break
configuration, with the initial pressure (prior to blowdown) reduced from 2,260 psia
(specified for previous tests),to 1,760 psia, in order to determine the effects of reduced
initial pressure on core heat transfer response during blowdown. The pressure vessel was
equipped with a 40-electric-heater-rod heated core, of which 39 rods were active (rod H-5,
of the original 40-rod core, failed prior to the start of the test; see Figure 6). The core power
supply was set to yield a peaked radial power profile with the four center rods having a peak
power density of 14.25 kW/ft, and the 35 peripheral rods having a peak power density of
11.54 kW/ft. Prior to blowdown, the core was operated at its maximum design power level
of 1.6 MW.

During blowdown the core heater power was adjusted to simulate the thermal
response characteristics of nuclear-heated rods prior to departure from nucleate boiling.
Blowdown was also accompanied by simulated emergency core coolant injection into the
cold leg sides of the intact and broken loops from coolant injection accumulators and low
pressure injection pumps. Coolant injection was continued until test termination at

200 seconds after initiation of blowdown.

The purpose of this report is to present the test data in an uninterpreted, but readily
usable form for use by the nuclear community in advance of detailed analysié and
interpretation, Section II briefly describes the system configuration, procedures, initial test
conditions, and events that are applicable: to Test S-29-3; Section III presents the data



‘graphs and provides comments and supporting information necessary for interpretation of
the data. A description of the overall Semiscale Program and test series, a more detailed
description of the Semiscale Mod-1 .system, and a description of the measurement and data
processing techniques and uncertainties can be found in Reference 1.
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II. SYSTEM, PROCEDURES, CONDITIONS, AND EVENTS FOR TEST §-29-3+

The following system configuration, procedures, initial test conditions, and events are
specific to Test S-29-3. ‘

1. SYSTEM CONFIGURATION AND TEST PROCEDURES

The Semiscale Mod-1 system used for the test consisted of a pressure vessel with
internals, including a 40-rod core with 39 electrically heated rods; an intact loop with steam
generator, pump, and pressurizer; a broken loop with simulated steam generator, simulated
pump, and two rupture assemblies; coolant injection accumulators for both the intact and
broken loops; low pressure injection pumps for both the intact and broken loops; and a
pressure suppression system with a suppression tank, header, and a heated steam supply
system. '

- For Test S-29-3, the intact loop steam generator was maintained in the active
condition, in which the steam generator secondary pressure and water level are
automatically adjusted to control the water temperature in the cold leg of the intact loop.

In preparation for the test, the intact and broken loop accumulators were filled with

treated demineralized water at ambient temperature, drained to the specified initial level,
and pressurized with nitrogen to 600 psig. The system was filled with treated demineralized
water and vented at strategic points to assure a liquid full system. Prior to warmup the
system was pressurized to check for leakage, system instrumentation was checked, and
transducer readings were initialized. Warmup to initial test conditions was accomplished
with the heaters in the vessel core. Heatup of the broken loop piping was accomplished with
bypass lines, which served to allow circulation through the broken loop. During warmup,
the purification and sampling systems were valved into the primary system to maintain
water chemistry requirements and to provide a water sample at system conditions for
subsequent analysis. At 100-degree temperature intervals during warmup, detector readings
were sampled-to allow the integrity of the measurement instrumentation and the operability
of the data acquisition system to be checked.

Prior to establishing the initial core powef level, the pressure suppression system -was
pressurized to 35 psia with saturated steam from the steam supply system. After the core
power was increased to 1.6 MW, initial test conditions were held for sixteen minutes to
establish equilibrium in the system. At the end of this period, all auxiliary systems including
the bypass lines were isolated to prevent blowdown through those systems.

The systern was successfully subjected to a simulated double-ended cold leg break
through two rupture assemblies and two blowdown nozzles, each having a break area of
0.00262 ft2. Pressure to operate the rupture assemblies and initiate blowdown was taken
from an accumulator system filled- with water and pressurized to 2,250 psig with gaseous
nitrogen. Immediately (0.02 second) after initiation of blowdown, the lines to the

B T
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accumulator were again isolated. The effluent from the primary system was ejected into the
pressure suppression system, which was vented to maintain a constant pressure of 35 psia. At
blowdown, power to the primary coolant circulation pump was reduced and the pump was
allowed to coast down to a speed of 1,600 rpm, which was maintained for the duration of
the test. A flywheel mounted on the pump motor shaft provided a simulation of the
predicted coastdown of the Loss-of-Fluid Test Pumps. During the blowdown transient, power
to the electrically heated core was automatically controlled to simulate the thermal response
of the nuclear,-\heated fuel rods. After the system was depressurized to 600 psig, coolant
injection was initiated into both the intact and broken loops from separate accumulators. At
approximately 150 psig, low pressure injection was initiated from the intact and broken
loop low pressure injection system pumps into the same injection points (at Spool 14 and
Spool 42) used for the accumulators. Coolant injection was continued until the test was
terminated at 200 seconds after initiation of blowdown.

2. INITIAL TEST CONDITIONS AND SEQUENCE OF EVENTS

Conditions in the Semiscale Mod-1 system at initiation of blowdown are given in
Tables I and II; the primary system water chemistry prior to blowdown is given in Table III;
and the sequence of events relative to rupture is given in Table IV.
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TABLE I

CONDITIONS AT BLOWDOWN INITIATION

Measured[a] Specified
Core power (MW) ‘ 1.59 1.60 + 0.03
Intact loop cold leg fluid 544 544 £ 2
temperature (°F) -
Hot leg to cold leg temperature 66 66 + 1
differential (°F) : '
Pressurizer pressure (psia) 1,760 1,763 + 25
Pressurizer water level (in.)[b] 23.5 25.5 £ 2
Steam generator feedwater ’ 440 435 + 10
temperature (°F) ’
Steam generator liquid level (from 116 116 + 2
bottom of tube sheet) (in.)
Fluid temperature in broken loop 591 605 + 5
(pump side) (°F)
Intact loop cold leg flow (gpm) 148 [e]”
Pressure suppression.tank 47.5 47.5
water level (in.)[d] _
Pressure suppression tank | [e] 35+ 1
pressure (psia)
Pressure suppression tank water : 74 A < 75

temperature (°F)

[a] Measured initial conditions are taken fromAprocess instrumentation
read just prior to blowdown. Those measured conditions which did
not meet the specified initial conditions were considered acceptable
for analysis purposes within the test objective.

[b] Pressurizer water level measured from bottom of ‘hemispherical section.
Measured level shown corresponds to a pressurizer system volume of

0.66 ft3 (including surge line).

[c] Flow is not specified, since it must be adjusted to achieve the
required differential temperature across the core.

[d] PSS water level is set mechanically prior to the test.

[e] PSS tank pressure not available on process instrumentation.




TABLE II

PRIMARY COOLANT TEMPERATURE DISTRIBUTION AT RUPTURE[a]

- Detector Temperature (°F)
Vessel lower plenum (lower portion) TFV-LP-7.5 534
Vessel lower plenum (upper portion) TFV-LP-27.5 540
Hot leg, intact loop (near vessel) RBU-2 608
Cold leg, intact loop (near TFU-10 540
pump inlet)
Cold leg, intact loop (near vessel RBU-14A 540
Cold leg, broken loop (near nozzle) TFB-23 ‘ 538
Hot leg,.broken loop (near vessel) TFB-30 - 598

Cold leg, broken loop (near nozzle) TFB-42 590

[a] Data taken from final digital scan, about two minutes before

blowdown.
TABLE III
WATER CHEMTSTRY PRIOR T0 BLOWDOWN([2]

ph 10.70
Conductivity . (pumhos/cm) 128.0
Lithium. (ppm) ' 3.5
Chlorides (ppm) <0.1
Fluorides (ppm) <0.4[P]
Oxygen (ppm) : . 0.05
Total gas (cc/1) - 144,1

Suspended solids (ppm) 1.37

[a] Water sample taken at a system pressure of 1,760 psig and a system
temperature of 540°F (cold leg).

[b] .Present analytical methods prevent accurate determination of
fluorides' at concentrations of less than 0.4 ppm.




TABLE IV

SEQUENCE OF EVENTS DURING esTt2]

Event - Time Relative To Rupture
Established core power level (min) -16.0
B-pass lines valved out of system (sec) . - 2.5
Blowdown initiated (sec) 0.0
Pump power reduced (sec) ) _ "~ 0.0
Core power decay transient started (sec) 0.0

Steam generator feedwater and discharge

valves closed (sec) . 1.0
ECC accumulators valved in (sec)[b] 5.0
LPIS pumps started (sec)[b] 26.0
Core power tripped off (sec)[c]' N 200.0

[a] A time-controlled sequencer was used to control critical events during
the test.

[b] Injection from ECC accumulators and LPIS pumps does not start until
system pressure drops below accumulator, or pump, pressure,

respectively.

. [c] Core power tripped manually at termination of test.




III. DATA PRESENTATION

The data from Semiscale Mod-1 Test S-29-3 are presented with brief comment.
Processing analysis has been performed only to the extent necessary to obtain appropriate
engineering units and to assure that the data are reasonable and consistent. In all cases, in
converting transducer output to engineering units, a homogeneous fluid was assumed.
Further interpretation and analysis should consider that sudden decompression processes,
such as those occurring during blowdown, may have subjected the measurement devices to
nonhomogeneous fluid conditions.

The performance of the system during the tcst was monitorcd by about 220 dctcctors.
The data obtained were recorded on both digital and analog data acquisition systems. The

digital system was used to process the data presented in this report. The analog system was -

used to provide better resolution capability (needed as input to various data analysis codes)
and to provide redundancy.

The data are presented, in many instances, in the form of composite graphs to
facilitate comparison of the values of given variables at several locations. The scales selected
for the graphs do not reflect the obtainable resolution of the data (the data processing
techniques are described in greater detail in Reference 1).

Figures 1 through 6 and Table V provide supporting informatioh for interpretation of
the data graphs shown in Figures 7 through 305. Figures 1 through 6 show the relative
locations of all detectors used during Test S-29-3.

Table V groups the measurements according to measurement type; identifies the
specific measurement location and the range of the detector and actual recording range of
the data acquisition system; provides brief comments regarding the data; and references the
measurements and comments to the corresponding figure. Figures 7 through 305 present all
of the blowdown and reflood data obtained. Time zero on the graphs is the time of rupture
initiation.
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TABLE V

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-29-3

Range!2) .
. . (a] Pata Acquisition . (al
Measurement Location and Comments Detector System Figure ° Measurement Cmen:s'h‘
FLUID TEMPERATURE Chromel-Alumél- tharmocouples uriless
specified otheriise:
Intact Loop 0-2,300°F 0-591°F
RBU-2 Hot leg, Spool 2, 46'in.- from 0~1,000°F 0-1,000°F 7.8
vessel center (plantinum resistance » .
bulb).- -
TFU-10 - Cold les, Spool- 10, 14k in. from 9,10
vessel center.
RBU- 144 Cold leg, Spool 14, 43 in. from- 0-1,000°F 0-1,000°F" 9,10 )
vessel center, upstream of cold leg
injection port (platinum resistance
bulb).
TFU-14B Cold leg, Spool 14, 39-in. from 9,10
vessel center, downstream of cold
leg. injection port.’
Broken Loop 0-2,300°F 0-1,017°F
TFB-20 Cold leg, Spool 20, 21 in. from 11,12
vessel center.
TFB=-23 Cold leg, Spool 23, 91 fa. from 11,12
vessel center, upstream o_f vessel-
aide nozzle.
TFB-30 Hot leg,.Spool 30, 16 in. from 13,14
vegsel center.
TFB-42 Cold leg, Spool 42, 414 in. from’ 13,14
vessel center along hot leg, up-
stréam of pump-side nozzle.
Tnlet Annulus 4 in. below cold leg centerline, 0-1,400°F 0~803°F"
, 0.2 in, from vessel wall,” Type J
iron-constantan.
TFV-ANN=4A 0° 15,16
TEV-ALN- 41 180° 19,20
Downcomér Annulus Centered in annulus, Type J fron- 0=1,400°F  0-803°F
B cofistantan.
TFV-ANN-15M 15 i{n. below cold leg centerline, 19,20
180°.
TFV-ANN=-35A 35 in. below cold leg centerline, 15,16
0°.
TEV-ANN=-70A 70 in. below cold leg centerline, 15,16
0°.
TFV-ANN-115A 115 in. below cold leg centerline, 17,18
0°. .
TPV-ANN-156A 156 in. below cold leg'centerlir;e, 17,18 Noisy thermocouple:
0°.
Upper Plenum 0-2,300°F 0-1,017°F
TFV-UP+13 In upper plenum, 13.5 in. above 21,32
cold leg centerline at 180°.
Lower Plenum On fluid thermocouple rack, 1 in. 0-2,300°F 0-591°F
from vessel center,.45°
TFV-LP-7.5 7.5 in. from bottom. 23,24
TFV-LP=-14.5 14,5 in. from‘bottom. . 23,24
TFV-LP-27.5 27.5 i{n: from bottom, 23,24
Core
TFV-CORE-IN In core flow mixer box, 150 in. 0-2,300°F 0-591°F 25,26 Data acquisition system saturated
below cold leg-céntéiline.. (A near v=0 aud’ =25 sec.
part of FDV-CORE-IN).
Core Grid Spacers 0-2,300°F 0-2,382°F
Grid Spacer 5 55 in. below cold leg centerline;
21.5 in. above top of heated length. - .
TPG-5CD-45 Thermocouple in space defined by 27,28
Colums C and D, Rows 4 and 5.
6rid Spacer. 6 76 in. belov cold leg centerline, '
1/2 in. above top of heated length.
THG-6A=45 " ‘Thermocouple in space defined by 23,30
Columns A and B, Rows 4 and 5.
TFG=-6DE<45 Thermocouple in‘ space defined by 29,30
TFG=-6DE-67 0clumns D sud B, Rows & aad &, and

6 and 7.

o B.Y,



TABLE V (contd.)

Range[n]
n] Data Acquisition [
Measureoent Location and Corments Detector Svstem Figure al Measurement Ccmentnlh]
Grid Spacer 8 109 in. below cold leg centerline
at center of heated length.
TFG-8CD-45 | Thermocouple in space defined by 31,32
Columms C and D, Rows 4 and 5.
Grid Spacer 10 143 in. below cold leg centerline
at bottom of heacted length.
TPG~10CD-45 Thermocouple in space defined by L3
Colums C and D, Rows &4 and 5.
TFG-10DE-67 Thernveouple in space defined by 33,34
Colums D and E, Rows 6 and 7.
TFG-10EF-45 Thermocouple in space defined by 33,%
Colums E and F, Rows &4 and 5. -
TFG-10GH-45 Thermocouple in space defined by 33,34
Cotums G and H, Rows & and 5.
Steam Generatur V=2, 300" F u=ayL'r
TFU-SGFW In feedwater line leading to steam 35,36
RERELALOT,
TFU-8CSD In gtoam domo, 129.5 in. from bovtom 35,36
of tube sheec,
Pressurizer 0-2,300°F 0-1,017°F
TFU-PRIZE In surge line, near pressurizer 37,38
exit, between turbine tlowmeter and
pgessurizct.
Pressure Suppression 0~2,300°F 0-591°F
Syotem
TF-P§S-33 33 in. from bottom of tank. 39,40
TF-PSS-130 130 in. from bottom of tank. 39,40
MATERIAL TEMPERATURE Chromel-Alumel thermocouples unless 0-2,300°F 0-591°F
specified otherwise
Intace Loop
TMU~1T16 Hot leg, Spool 1, top, 1/16 in. 0—1.017'? 41,42
from pipe ID, 29 in. from vessel
center,
TMU-15816 Cold leg, Spool 15, bottom, 1/16 in, 41,62
from pipe ID, 17 in. from veascl
center.
TMU-15T16 Cold leg, Spool 15, top, 1/16 in. 41,62
from pipe 1D, 17 in. from vessel
center.
0-2,300°F N-591°F
THMB-20B16 Culd leg, Spuul 20, bultuw, }/16 fu. 49,44
from pipe ID, 21 ln. fium vessel
center.
TMB-30T16 Hot leg, Spool 30, top, 1/16 in. 0-1,017°F 43,44
from pipe ID, 16 in. from vessel
center.
Vessel Filler Type J iron-constantan. 0-1,400°F 0-803°F 45,46
THV-FI-4M 4 in. below cold leg centerline,
1/16 tn. from filler 1D, 180°.
TMV-FI-115A 115 in. below cod leg centerline, 45,46
1/16 ias from fillar 1D, Q°,
Vegsel Filler 0-1,400°F 0-803°F
Ingulator Type J iron-constantan
TIV-FO-35A 35 in. below cold leg centerline, 47,48
°
TIV-FO-70A 70 in. below cold leg centerline, 47,48
0°.
TLV -FO 115A 115 in. boley onld log annraritee, 67,48
[
CORE HEATER CLADDING Chromel-Alumel thermocouples
TEMPERATURES
High Power Heaters 0-2,300°F 0-2,382°F
TH=D4-14 Heater at Column D, Row 4. Thermo-* 49,50
TU-D4-23 couples 14 Lu. (225°) and 29 In,
(315°) above bottom of core,
TH-D5-09 Heater at Colunmn D, Row 5. Thermo- 51,52
TH-D5-29 couples 9 in. (45°), 29 in. (225°),
TH-D5-39 and 39 in. (135°) above bottom of
core.
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TABLE V (contd.)

Knnge[n]
(a] Pata Acquisition {a) IS
Measurement “location and Comments Detector System Figure ° Measurement Comments !
High Power Heatera
Leontd.)
TH-E4-23 Heater at Column E, Row 4. Thermo- 53, 54
TH-E4-27 couples 23 in. (90°) and 27 in.
(0°) above bottom of core.
TH-E5-21 Heater at Column E, Row 5. Thermo- 55,56
TH-E5-25 couples 21 in. (180°) and 25 in.
{90°) above bottom of core.
Low Power lleaters 0-2,300°F 0-2,182°F
TH-A4-09 Heater at Column A, Row 4. Thermo- 57,58 Nois} thermocouple.
couple 9 in. (105°) above bottom
of core. +
TH-A5-29 Heater ac Column A, Row 5. Thermo- 59,60
TH-A$~45 couples 29 in. (180°) and 45 in.
(255°) above bottom of core.
TH-B3-32 Heater ac Colum B, Rov 3. Thermo— 61,62
couple 32 in. (135°) above bottom
of core.
TH-B4-05 lHeater at Column B, Row 4. Thermo-
couple 5 in. (135°) above bottom
of core.
TH-B5-33 Heater at Columm B8, Row 5. Thermo- 63,64
TH-B5-38 couples 33 in. (45°) and 38 in.
{240°) above bottom of core.
TH-B6-29 Heater at Column B, Row 6. Thermo- 65,66
couple 29 in. (45°) above bottom
of core.
TH-C2-38 Heater at Colum C, Row 2. Thermo— 67,68
couple 38 in. (225°) above bottom
of core.
TH-C3-~28 Heater at Column C, Row 3. Thermo- 69,70
TH~C3-60 couples 28 in. (0°) and 60 in.
(135°) above bottom of core.
TH-C4=53 Heater at Column C, Row 4. Thermo- 71,72
couple 53 iu. (300°) above bottom
of core.
TH-C5-28 Heater at Column C, Row 5. Thermo- 73,76
couple 28 in. (J15°) above bottom
bf core.
TH-C6-53 Heater at Column C, Row 6. Thermo- 75,76
couple S3 in. (270°) above botrtom
of core. -
TH-C7-07 Heater at Column C, Row 7. Thermo- 77,78
TH-C7-15 couples 7 in. (345°) and 15 in.
(255°) above bottom of core.
TH-D1-21 Heater at Colum D, Row 1. Thermo- 79,80
couple 21 in. (330°) above bottom
of core.
TH-D2=-14 Heater at Column D, Row 2. Thermo— . 81,82
TH-D2-61 couples 14 in. (0°) and 61 in.
(270") sbuve Luottom of core.
TH-D3-29 Heater at Column D, Row 3. Thermo=- 83,84
TH-D3-39 couples 29 1in. (150°) and 39 in.
(210°). above bottom of core.
TH-D6-14 Heater at Column D, Row 6. Thermo- 85,86
couple 14 in. {90°) above bottom
of core.
TH-D7-20 Heater at Colum D, Row 7. Thermo- 87,88
couple 20 in. (60°) above bottom
of core.
THD8-57 Heater at Column D, Row 8. Thermo- 89,90
couple 57 in. (15°) above bottom
of core.
TH-E1-33 Heater at Colum E, Row 1. Thermo— 91,92
cowple 33 in. (60°) above bottom
of core.
TH-E2-20 Heate? at Column E, Row 2. Thermo- 93,94
TH-E2-33 coupies 20 in. (210°) and 33 in.
(315°) above bottom of core.
TH-E3-05 Heater at Columm E, Row 3. Thermo— 95,96
TH-E3-20 couples 5 in. (15°), 20 in. (165°),
TH-E3-24 and 24 in. (75°) above bottom of
core. .
TH-E6-08 Heater at Columm E, Row 6. Thermo— 97,98
TH-E6-28 couples 8 in. (150%), 28 1n. (283°),
TH-E6-37 and 37 in. {(330°) above bottom of

core.
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TABLE V (contd.)

Range[“]
la} Mata Acquisition [a)
Measurement Location and € Svsten Fiaure'®
Low Power Heaters
(contd.)
TH-E7-14 Heater at Column E, Row 7. Thermo~ 99,100
couple 44 in. (195°) above bottom
of core.
TH-E8-14 Heater at Column E, Row 8. Thermo— 101,102
TH-E8-29 couples 14 1in. (1507), 29 in. (225°),
TH-E8~45 and 45 in. (300°) above bottom of
core.
TH=F2-07 Hegter at Column F. Row 2. Tharmna 03,104
TH-F2-25 couples 7 Lu: (235°) and 23 in.
(0°) above bottom of core.
TH-F3-06 Heater at Column P, Row 3. Thermo- 105,106
TH-F3-22 couples 6 in. (315°), 22 in. (105°);
TH-F3-23 and 25 in. (30°) above bottom
of core.
TH=F4-14 Heater at Column F, Row 4. Thermo- 107.108
TH~FA=70 sauples 14 Lus (30%); B9 Lu. (143"},
TH-F4-44 ahd A4 in (710°) ebowo bostam
of core.
TH=P5-20 Heater at Columm F, Row 5. Theruwo- 109,110
TH-F5-26 couples 20 in. (255°), 26 in. (165%),
TH-F5-33 33 in. (315°), end 54 in. (30°)
TH=F5-54 above bottom of core.
‘iH=-P6-09 Heater at Column P, Row 6. Thermo- 111,112
TH-FH~28 couples 9 in. "(0°) and 29 in. (135°)
above bottom of core.
TH=¥7-39 Heater at Column ¥, Row 7. Thermo- 113,114
couple 39 in. (210°) above bottom
of core.
TH-G3-13 Heatet at Column G; Row 3. Thermo- 115,116
couple 13 in. (150°) above bottom
of core.
TI-G4-29 Heater at Column €, Rov 4. Thermo- 117,118
TH-G64-33 .couples 29 in. (300°), 33 in.
TH=G4-38 (225°), and 38 ih, (30°) above
LOTEST O cure:
TI-G5-14 Hegter ac Colum G, Ko S. Thermo- 119,120
TH-(5-24 couples 14 in. (45°) and 24 in.
(330°) above bottom of core.
TH=-G6-33 Heater at Column G, Row &, Thermo- 121,122
couple 33 in, (135°) ahave harrom
of core.
TH~H5-32 Heater at Column H, Row 5. Thermo- 123,124
couple 32 in. (45°) above bottom
of core.
PRESSURE
Intact Loop 0=3,000 pot
PU-13 Lold leg, Spool 13, 54 in. from 0-4,397 psia 125,126
vegsel center.
Broken_ ibop 0-3,000 psti
PR-23 fold lag, Spanl 17; 07 {a, fpea 0v4,30F psia 121,128
vessel center, upstream of nozzle
(tee off DP tap).
PB~37 Cold leg, Spool 37, 282 in. from 0-4,274 psta 129,130
vegsel center along hot leg.
PB-42 Cold leg, Spool 42, 415 in. from Met, R} pata 120,130
‘waogol center along hst logy wps .
stream of pump-side nozzle (tee
otf LY tap).
PB-HN1 Pump-side nozzle, nozzle throat, 0-4,397 psia 131,132
419 in. from vessel center along
hot leg (tee off DP tap).
PB~CN1 Cold leg, Spool 23, vessel-side 02,258 psla 133,134
nozzle, nozzle throat, 96 in.
from vessel center along cold
leg, 45°.
PB-CN2 Cold leg, Spool 2»3,' vessel-side 0-2,499 psia 133,134
nozzle, nozzie throat, 96 in.
from vessel center along cold
leg, 315°.
/
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Measurement Comments
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thermocouple.



TABLE V (contd.)

W
Range!?)
la) Pata Acauisition [a]
\ Measurement Location and Comments Detector Svstem ﬂ&ﬁ.ﬂ_ Measurement Comcn:slh]
Broken Loop
{contd.)

PB-CN3 Cold leg, Spool 23, vessel-side 0-2,499 psia 135,136,
nozzle at beginning of nozzle
divergent section, 97 in. from

. veasel center along cold leg, 0°.

PR-CN& Cold leg, Spool 23, vessel-side 0-2,512 psia 135,136
nozcle, noszle divergent saction
101 in. from vessel center along
cold leg, 0°. l

i
Vessel 0-3,000 psi

PV-UP+10 In upper plenum, 10 in. above cold 0-6,687 psia 137,138
leg centerline, mounted on standoff,
30°.

PV-LP-180 In upper part of lower plenum 180 in. 0-2,575 psia 137,138
below cold leg centeriine, mounted
on standoff, 225°. o

ECC Systen 0-750 psi
PECC-UL~ACC In incact loop accumuiator. 0-739 psia 139,140
PECC-BL-ACC In broken loop accumulator. 0-743 psia 139,140
Etcam Conerator
“ PU-SGSD Secondary side steas dome. 0-3,000 psi 0-2,084 psia 141,142
Pressurizer
PY-PRIZE Steam dome. 0-3,000 psi 0-4,576 psia 143,144
Pressure Suppression
System
P-PSS Suppression tank top. 0-250 psi 0-341 psia 145,146
DIFFERENTIAL PRESSURE Elevation difference between trans-
“ ducer taps is zero unless other-
wise specified.
Intact Loop
DPU-UP-3 Upper plenum, 10.5 in. above cold leg #50 in, 22,5 psid 147,148
\ - centeriine at 30° to hot leg, Spool 3, water
. 62 in. from vessel center. Upper
plenun tap is approximately 2 in.
above Spool 3 tap.

DPU-3-7 Across steam generator; hot leg, 500 ia.’ +25. psid 149,150
Spool 3, 62 in. from vessel center water
to cold leg Spool 7, 231 in. from
vegsel center., Spool 3 tap is ap-
proximately 18 in. above Spool 7 tap.

DPU-7-10 Steam generator outlet to pump inlet; +50 {n. *2.5 psid 151,152
cold leg Spool 7, 231 ian. from vessel water
center to cold leg Spool 10, 141 in,
from vessel center. .

DPY-12-10 Pump outlet to pump inlet; cold leg 450 pst +50 psid 153,154
Spool 12, 75 in. from vessel center
to cold leg Spool 10, 141 in. from
vessel center. Spool 10 tap is 10 in.
below Spool 12 tap.

DPU-12-10L Pump outlet to pump inlet; cold leg #100 in #5.0 psid 155,156 Detector saturated to t=7 sec.
Spool 12, 75 in. from vessel center water )
to cold leg Spool 10, 14l in. from
vessel ceanter. Spool 10 tap is 10 in.
below Spool 12 tap (low range). .

DPU-12-15 Across cold leg injection point, cold #100 in. 15.0 psid 157,158 B
leg Spool 12, 75 in. from vessel water
cencer tu cold Lleg Jpuol 15, 16 in.
from vessel center. Cu

DPU-15-TANN Cold leg Spool 15, 16 in, from +100 in. 45.0 psid 159.160..: .
veasel center to inlet wnnulus,: water
9 in. below cold leg centeriine
at 225°. Spool 15 tap is 9 in.

- above inlet annulus tap.
DPU-15-ATM Cold leg Spool 15, 16 in. from +500 psi ’ 500 psid 161,162 De_tec‘tor saturated to t=18 sec.

vessel center; to atmosphere.
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TABLE V (contd.)

Runge[“
(a] Pata Acquisitine {a)
Detector Systen Figure Measurement Comments

Ib}

Measurement Location and Comments

Intact Loop (contd.

DPU-PRESLL Pressurizer water level, Elevation 450 in. 12.5 psid 163,164 Liquid may have boiled from
difference between taps is 34 in. water sense lines.
Lower tap is 3.5 in. above /
pressurizer exit.

DPU-PR-4 Pressurizer top to Spool 4, 41,000 psi +1,336 psid 165,166
Elevation difference between ’
taps is 105 in. Spool &4 tap
is 55 in. below pressurizer exit.

Broken Loop

DPB-UP-30 Veseel upper plenum, 10.5 in. 100 in. 5.0 psid 167,168
sbove cold leg centerline at water
30° to hot leg Spool 30, 18 in.
from vessel center. Upper plenum
tap i £ in. ahave Speal Ui tap,

DPB-21-1ANN Cold leg Spool 21, 49 in. from +100 in. 45.0 psid 169,170
vessel center to vessel inlec Vater -
annulus, 9 in. below cold leg
centerline at 225°. Inlet aunulus
tap 18 9 in. below Spool 21 tap.

DPB-23-CNL Cold leg Spool 23, 92 in. from 4500 psi 4500 psid 171,172
vessel center to veAari-alde nazzle v
throat, 96 in. from vessel center.

DPB-30-36L Acrogs entire simulated steam 4500 psi 4500 psid 173,174
generator assembly; hot leg -
Spool 30, 18 in. from vessel
center to cold leg Spool 36
lower tap, 242 in. from vessel
center. Spool 30 tap is 19 in. .
beluw Spool 36 luwer Lap. -

DPB-32U-36L Across simulated steam generator 4500 psi 500 psid 175,176
orifice assembly: hot leg Spool 32
upprr wap, T3 in. fium vessel
center to Spool 36 lower tap,
242 in. from vessel center.
Spool 32 upper tap is 16 in.
above Spool 36 lower tap.

DPB-36L-17 Acrooo noczle assembly; Spool 36 250 pst £30 psid 177,178
lower tap, 242 in. from vessel
center along hot leg to Spool .
37, 202 1n. fruw vessel ceuter
along hot leg. Spool 37 tap
4DV AML UOUY ARINNL SO IR
tap.

DrB-37-38 Acrogs curbine flowmeter and 50 1n. #2.5 psid 179,180
drag dige; coild leg Spool 37, water .
282 in. fram vesarl center aleng >
- hot leg to cold leg Spool 38,
305 in. from vessel center
aluuy Lwe leg. Spuol 37 cap
is 23 in. above Spool 138 tap.

DPB-38-40 Across simulated pump; cold +1,000 psi +1,338 psid 181,182
leg Spool 38, 305 in. from
vessel center along hot leg
to cold leg Spool 40, 365 in,
from vessel center along N
hot leg.

DPB-40-42 Acrosas elbow leading to spool 450 in. 42.5 psid 183,184 Data acquisition system
upstreaw of pump-side neasley water sututdted near c=h sec.
cold leg Spool 40, 365 in.
feoi +8000) wenles alung hiut
leg to Spool 42, 415 in. from
vessel center along hnt lep. Spool
40 tap 1s 40 in, below Spool &2 tap.

Vessel

’
DPV~UP- IANN Upper plenum, 10.5 in. sbove +300 in. 415 psid 185,186
cold leg centerline at 30° watet
to inlet annulus, 9 in. below
cold leg centerline at 225°.
Elovwation difforence bsuvasn
caps is 19 in.

DPV-0-9GQ Inlet annulus cold leg center- +20 in. +1.0 psid 187,188
line at 90° to 9 in. below Vater
cold leg centerline at 225°,
Elevation difference between
taps 1s 9 in.

DFV-9-206QQ Tulet wunulus, 9 L. beluw 20 in. +1.0 p3aid 189,190
cold leg centerline at 225° vater .
Lu dumievuzs pap, 26 Lu.
below cold leg centerline
at 225°. Elevaction difference .
between taps is 17 in.

20
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TABLE V (contd.)

Measurements

[a]

Location and Comments

Rﬂ_“BE[a]

Detector

Data Acaufeition
Svsten

Vessel (contd.

DPV~9-180QQ

DPV-26-55QM

DPV-55-110MM

BPV-uO—lSéHQ

DPV-156-173QQ

DPV-173-1 SCQQ

DPV-166-191QT

DPV-LP-UP

DPU-UP-3

DPB-21-1AHN

Vessel Core

DPVC-89W-UP

DPVC-89-1064Q

DPVC-106-122QJ

Inlet annulus, 9 in. below cold
leg centerline at 225° to lower
plenum, 180 in. below cold leg
centerline at 225°. Elevation

+300 in.
water

difference between taps is 171 in.

Across part of downcomer, 26 in.
(225°) to 55 in. (180°) below
eold lag contorlina. Elevation
difference between taps is

29 in.

Across part aof downcomer. S5 in,

#50 in.
water

+100 in.

(180°) to 110 in. (180°) below cold water
lee centerline. Flevation differ-

eare hetweer tans {s 55 in.

Across part of downcomer, 110 in. +100 in.

(180°) to 156 in. (225°) below
cold leg centerline. Elevation
difference between taps is

46 in, )

Across downcomer exit, 7 inm.
above exit to 10 in. below exit,
taps at 156 (225°) and 173 in.
(225°) below cold leg center-
line, Elevation difference he-
tween tang {8 17 in.

Across part of lower plenum,
173 in. (225°) to 180 in.
(225°) below cold leg center-
line. Elevation difference
between taps is 7 in.

Across lower plenum, 166 in.
(225°) to 191 in, (270°)
below cold leg centerline.
Elevation difference between
tape is 25 in.

Lower plenum, 180 in. below
cold leg centerline at 225°
to upper plenum, 10.5 in.
above cold leg centerline
at 30°. Elevation difference
between taps is 191 in.

Vessel upper plenum, 10.5 in.
above cold leg centerline

at 30° to intact loop hot
leg Spool 3, 62 in. from
vessel center. Upper plenum
tap is 2 in. above Spool

3 tap.

Cold leg Spool 21, 49 in.
from vessel center to vessel
inlet annulus, % im. below
cold leg centerline at 225°.
Inlet annulus tap is 9 in.
below Spool 21 tap.

Upper segment of active core
reglon, 89 in. below cold leg
centerline (315°) to upper
pleaum core tube, 10.5 ia.
above cold leg centerline (307).
Elevation difference between
taps 1s 100 in.

In active core region, upper
segment, B9 in. below cold
leg centerline (315°) to

106 in. below cold leg center-

water

420 in.
water

420 in.
water

+50 in.
water

+300 in.
water

+50 1n.
water

+100 1n.
water

+500 in.
water

150 in.
water

line (225°). Elevation difference

between tape is 17 in.

Across center segment of active
core reglon, 106 in. below cold
leg centerline (225°) to 122 in.

#100 ton.
water

below cold leg centeriine (1359).

Elevation difference between
taps is 16 in.

#15 psid

+2.5 psid

+5.0 psid

+5.0 paid

+1.0 psid

#1.0 psid

2.5 psid

*15 psid

+2.5 psid

#5.0 psid

325 psid

*2.5 psid

15.0 psid

()
—

Figure!?!

191,192

193,194

195,196

197,198

199,200

201,202

203,204

205,206

147,148

169,170

207,208

209,210

211,212

b)

Measurement Comments

L1quia may nave poried {tum
sense lines; questionable data.



TABLE V_(contd.)

Range ®)
- {a] Pata Acauisition
Measurement Location and Comments Detector Svstem
Vessel Core (cont.
DPVC-122-140JD In active core region, lower +100 ‘in. #5.0 psid
segment, 122 in. below cold leg vater
centerline (135°) te 140 in.
below cold leg centerline
(45°). Elevation difference bet-
ween taps is 18 in.
DPVC-140-1910T Lower segment of active core 4300 in. #15 psid
region, 140 in. below cold leg water
centerline (45°) to 191 in. below
cold leg centerline (270°).
Elevation difference between
taps is 51 fn.
ECC SYSTEM
Iutuct Loop
DPU-ACC-TB Top to bottom of intact loop 4100 in. 5.0 psid
accumulator tank. Elevation water
difference between taps is
117 tn.
Broken Loop
DPB-ACC-TB Top to bottow of broken loop #50 in. 12.5 psid
accumulator tank. Elevation water
aitference batueen taps is
84 in.
Steam Generator
DPU-SG-SEC Secondary, side, differential +100 ia. *5.0 psid
pressure taps at 45 and 126 water
in. sbove bottom of tube
sheet. Elevation difference
between taps is 81 in. .
DPU-SG-DISC Acroge Venturl, 66 in. 4500 1in, +25 peid
downstream from steam vater
generator discharge.
VOLUMETRIC FLOW RATE Turbine flowmeter, bidirectional.
Incact Loop 3-in. Schedule 160 pipe.
Fiu-1 Hot leg, Spool 1, 18 fn. #5 - £1,200  #600 gpm
from vessecl center. gPD
FTU-9 Cold leg, Spool 9, 154 in. 410 - +1,200 +600 gpm
from vessel center. gpm
FTU-13 Cold leg, Spool 13, 64 in. 410 - 41,200 4600 gpm
from vessel Center. gpm
FTU-15 Cold leg, Spool 15, 29 in. +10 ~ +200 +300 gpo
from woecoel ronror, ore
Broken loop
FTB-21 Cold leg, Spool 21, 58 in. +20 - 1,200 1,200 gpm
from vessel center, 3-in. pipe. _ gpm
PTB-30 Hot leg, Spool 30, 25 in. from +20 - 41,200 4800 gpm
vessel center, 3-in. pipe. gpo
FTD-37 Celd lag, Fpocl 27, 700 in from 410 - 41,300 &8A0 gpm
vessel ceater along hot leg, 2-in, RPm.
pipe. )
Lare
FTV-CORE-IN Entrance to core, 158 in. below 14 - +200 400 gpm
wid leg teucerllue: . BPw
ECC Syotom
FTU-LPIS In line leading trom LPLS for A1 - 7.5 +5.0 gpm
intact loop; 1/2 in. line, gpm
FTR-1PTS In line leadine from LPTS for 0,75 - £7.%  £2.0 gom
brunen lvup; 3/9 an. line. gpa
FTU-ACC In line immediately after intact 45 - +60 75 gpo
loop accumulator; 1 in. line. £PT
FTB~ACC In line immedfately after broken 5 - 60 +35 gpo
loop accumulator; 1 in. line. gpa
Prcopuriscr 1-1/2 in. turbine,
FTU-PRIZE Furge L 2 - 220 +100 gpm
gpm
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Figure[a]

213,126

215,216

217,218

219,220

221,222

223,224

225,228
225,226
227,228

227,228

229,230
231,232

2,77

233,234

233,236
237.238
239,240

241,242

243

[b]

Measurement Comments

Detector saturated
intermittently at
5 psid.

Dats acquisitien
system saturated
intermittently

prior to t=l sec.

Data scquisition system range
may exceed rated detector range;
however, turbine responge is
linear to flow rates vell beyond
rared range.

Data acquisition
system saturated

* from t=70 ro t=75 sec.

Data invalid efcer
t=33 seconds due to
ac interference.



TABLE V (contd.)

Measurement

FLUID VFELANTTY

Downcomer Gap
FTV-40a

FTV-40M

HbKENTUH FLUX

Intact Loop

FDU-1

FDU-5

FDU-10

FDU-13

EDU-15

Broken Loop
FDB-21

FDB-23

FDB-30

FDB-37

FDB-42

Vessel

FDV-CORE-IN

DENSITY

Intact Loop
CU-1VR

Gu-1HZ
GU-5VR

GU-10VR
GU-13VR
GU-15HZ
CU-15VR

Broken Loop
GB-21VR

gp-2WR °

Location and Comments

(a)

Turbine flowmeter, bidirectional.

40 in. below cold leg centerline,
0°.

40 in. below cold leg centerline,
180°.

Drag disc, bidirectional.
3-in. pipe.

Hot leg, Spoel 1, 29 in. from
vessel center; torget size
0.875 in.

Hot leg, Spool 5, 100 in. from
vessel center; target size
1.0 in.

Cold leg, Spool 10, 137 in. from
vessel center; target size
0.875 in.

Cold leg, Spool 13, 54 in. from
vessel center; target size
0.875 in.

Cold.leg, Spool 15, 19 in. from
vesgel center; target size
0.875 in.

Cold leg, Spool 21, 53 in. from
vessel center, 3-in. pipe; target
size 0.875 in.

Cold leg, Spool 23, 93 in., from
vessle center, upstream of vessel-
side nozzle 2-in. pipe; target
size 0.406 in.

Hot leg, Spoel 30, 21 in. from
vessel center, 3-in, pipe; target
size 0.656 in.

Cold leg, Spool 37, 284 in. from
vessel center along hot leg, steam
generator outlet vertical pipe,
2-in. pipe; target size 0.406 in.

Cold leg, Spool 42, 416 in. from
vessel center along hot leg, upstream
of pump-aide nozzle, downstream

of injection point, 2-in. pipe;
target size 0.406 in.

In core flow mixer box, 150 in.
below cold leg centerline; target
eize 1.0 in. -

Hot leg, Spool 1, 24 in. from
vessel center, vertical.

Hot leg, Spool 1, 26 in. from
vesgel center, horizontal.

Hot leg, Spool 5, 96 in. from
vessel center, vertical.

Cold leg, Spool 10, 141 in. from
vessel center, vertical.

Cold leg, Spool 13, 59 in. from
vessel center, vertical.

Cold leg, Spool 15, 20 in. from
vessel center, horizental,

Cold leg, Spool 15, 23 in. from
waseal renrer, vertical,

Cold leg, Spool 21, 49 in. from
vessel center, vertical.

Cold leg, Sponl 23, 92 in. from
vesgel center, vertical.

Range
la} Nata Acaunisitinn
Detector Svsren
+2.5 -~ 450 *50 fr./sec.
fr./sec.

2.5 - 350 50 fr./sec.
fr./sec.

4200 - +11,500 +23,000
1bm/£t-seci Ton/ fr-sec?

41 - 42,000 44,090 °
Tbn/ft-sec?  Tom/fr-sec?

4200 - +18,000 +23,750
Tonw/fe-sec?  Tbm/fr-sec?

200 - +12,800 £20,700
1bn/ fr-sec Tbw/ fe-sec?

4200 - +14,500 +20,250

1bn/fe-sec 1ba/fe-sec?

+200 - 418,800 +25,000
Ton/ft-sec?  Tbm/Ec-sec?

+200 - +35,600 +118,000

!.bm/fl:-eaec2 Tbo/ fe-sec?

£200 - 423,000 +30,000
1bo/ft-sec Tom/ ft-sec?

+200 - 445,000 +247,000
1hml£|:-sec2 Tba/ fe-sec?

4200 - +84,000 +112,400

Ton/fe-sec?  Tbm/Er-sec?

+200 - +50 +900

1ba/ fr-sec Tbm/fe-sec?
0.1 - 300 0 - 10
1bm/fe b/ fe
0.1 - 100 0 - 1
1bm/fe ibm/fe

Figure[n]

244,245

264,245

246

247

248

249

250

251

252

253

254

255

256,257

258,259
258,259
260,261
260,261
262,263
264,265

264,265

I

266,267

266,267

(b}

Measurement Comments

Momentum flux reported only
for ~6 to 42 sec, except

as noted. Drag disc data
wmay exhibit significant
temperature dependence.

Use drag disc data only

for short term transient
response. .

Detector saturated for
£ < 1.5 sec.

Data acquisition system
saturated immediacely
after 5=0 sec.

Figure 256 is long term plot
(=25 - +200 sec); detector
overraneed for t<0 sec..



TABLE V (contd.) .

fa]

Range
la} B Pata Arnuisition hy
Measurement Location and Comments Detector Svsten Figurala] Measurement Comments bl .
Broken Loop (contd,
GB-30VR Hot leg, Spool 30, 18 in. from 266,267
vessel center, vertical. *
/
GB-42VR Cold leg, Spool 42, 415 in. from 268,269 -
vessel center along hot leg, vertical.
Vessel 0.1 - 100 0 - 101
1bm/fc3 b/ fr
GV~COR-150HZ Core flow mixer box, 152 in. below 270,271
cold Yeg centerline, horizontal,
0-180°.
GV-161/192D Lower plenum, 161 in. below cold 270,271
leg centerline (270°) to 192 in.
below cold leg centerline (90°),
31 fu; verilial, 32.2 Lu, Jdlagunal.
GVLP-165HZ Upper part of lower plenum, 165 in. 272,273
below cold leg centerline, 1.724
in. below downcomer exit, horlzontal,
0-180°.
GVLP-172HZ Lover plenum. 172 in. below cold leg 272,273
centerline, 8.729 in. below downcomer
exit, horizontal, 90-270°.
Piessuilzes '
GU-PRIZE Surge line. 0.1-100 , 0~ 10f 274,275
b/ fc3 1bo/fr
MASS FLOW RATE Mass flow rate obtained by combining Range for mass flow is Mass flow rate reported
density (gamma attenuation technique) determined from range of only for -6 to 42 sec,
with volumetric flow rate (turbinc individunl dctcctors used wacept uy noled; see
flowmeter) or momencum flux (drag- in calculation. comments on individual
disc). detectors.
Intact Loop
FDU-1, GU-1VR Hot leg, Spool 1. 276
FTU-1, GU-1VR 277
FDU-5, GU-5VR Hot leg, Spool 5. 278
FTU-9, GU-10VR Cold leg, Spool 9. 279
FDU-10, GU~10VR Cold 1log, Spool 10. 260 .
PRI 13, A 1AvR At Yy Boos iRs
FTU-13, GU-13VR . 282
FDU-15, OU-15VR Cold ley, Jpwl 15. 283 :
FTU-15, GU-15VR 284
L]
Broken woup
FDD 21, €D 21vD Gold leg; Opool 21, . 265
FTB-21, GB-21VR 286
FDB-23, GB~23VR Cold leg, Spocl 23. 287 . .
FDB-30, GB-30VR Hot leg, Spool 30. 288
FTB-30, GB-30VR 289
FDB-42, GB-42 VR Cold leg, Spool 42. 290
Vessel Long term (=24 to 200
coc) plets.
FDV-CORE-1IN, Entrance to core. 291,292
<V COR-150U3 :
FTV-CORE-IN, Entrance to core. 293,294
GV-COR-150HZ
~
PRFSSURIZER
FTU-PRIZE, GU-PRIZE Pregsurizer surge line. 295
CORE_CHARACTERISTICS
. '
PURCOR Twl Cnen Patmy, 1,600 kW 196,207
PWRCOR T-2 Core Power. 1,600 kW 296,297
VOLTCOR T Core Voltage. 0 - 200 Vdc 298,299
AMPCOR T Core Current. 0 - 10,000 A 300, 301
PUMP CHARACTERISTICS
PUMPU-TORQ Pump torque. 0 - 500 in-1b. 302,303 >
PUMPU-RPM Pump speed. 0 - 3,600 rpm 304,305 .

fa] Statements at the beginning of a measurement category regarding location and comments, range, and figure apply to all subsequent measurements
wichin the given catagory unless specified otherwise.

[b] Detectors which were subjected to overrange conditions during portions of the test were capable of withstanding these conditions without change
in operating or measuring characteristics when the physical conditions were again within the detector range.
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14R), from -24 to 200 seconds,
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Fig. 10 Fluid temperature in intact loop cold leg (TFU-10, RBU-14A,TFU-
14B), from -6 to 42 seconds.
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Tig, 11 Fluid temperature in hroken loop, vessel side (TFB- 20 TTB-Z%)
from -24 to 200 seconds.
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from =24 to 200 seconds,
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Fig. 15 Fluid temperature in downcomer annulus (TFV-ANN-4A, TFV-ANN-354A,
TFV-ANN-70A), from =24 to 200 seconds.
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Fig. 16 - Fluid temperature in downcomer annulus (TFV-ANN-4A, TFV-ANN-35A,
TFV-ANN-70A), from -6 to 42 seconds.
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Fig. 17 Fluid temperature in downcomer annulus (TFV-ANN-115A, TFV-ANN-
156A), from -24 to 200 seconds.
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Fig. 18 Fluid temperature in downcomer annulus (TFV-ANN-115A, TFV-ANMN-
156A), from -6 to 42 seconds.
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Fig. 19 Fluid temperature in downcomer annulus (TFV-ANN-4M  TFV-ANN-15M),
from =24 to 200 seconds.
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Fig. 21 Fluid temperature in upper plenum (TFV-1P+13), from -24 to 200
seconds.
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Fig. 22 Fluid temperature in upper plenum (TFV-UP+13), from -6 to 42
seconds,
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Fig, 23 Fluid temperature in lower plenum (TFV—IP 7.5, TFV-LP-14.5,
TFV-1,P-27.5), from =24 to 200 seconds.
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Fig. 24 Fluid temperature in lower plenum (TFV-LP-7,5, TFV-LP-14.5,
TFV-LP-27.5), from -6 to 42 seconds.
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Fig. 25 Fluid temperature in core inlet (TFV-CORE-IN), from -24 to 200
seconds,
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Fig. 26 Fluid temperature in core inlet {(TFV-CORP-T3), from -6 to 42
seconds.
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Fig. 27 Fluid temperature in core, Grid Spacér 5 (TFG-5CD-45), from -24
to 200 seconds. )
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. Fig. 28 Fluid temperature in core, Grid Spacer 5 (TFG-5CD-45), from -6
to 42 seconds. '
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Fip., 29 Fluid temperature in core, Grid Spacer 6 (TFG-6AB-45, TFG-6DE-
45, TFG-6DE-67), from -24 to 200 seconds.
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Fig. 30 Fluid temperature in core, Grid Spacer 6 (TFG-6AR-45, TFG-6DF-
45, TFG-6DE-67), from -6 to 42 seconds,
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" Fig. 31 Fluid temperature in core, Grid Spacer 8 (TFG-8CD-45), from =24
to 200 seconds.
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Fig. 32 Fluid temperature in core, Grid Spacer 8 (TFG-8CD-45), from -6
to 42 seconds.
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Fig. 33 Fluid temperature in core, Grid Snacer 10 (TFG-10Ch-45, TFG-
10DE-67, TFG-10FF-45, TFG-1NGH-45), from -24 to 200 seconds. ’
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¥ig, 34 Fluid temnerature in core, Grid Spacer 10 (TFG-10CD-45, TFG-
10NE~-67, TFC~-10EF-45, TFG-10GH-45), from -6 to 42 seconds.
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Fig, 35 Fluid temperature in steam generator (TFU-SGFY, TFU-SGSD), from
-24 to 200 seconds.’
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Fig. 36 Fluid temperature in steam generator (TFU-SGFW, TFU-SGSD), from
-6 to 42 seconds. -
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Fig. 37 Fluid temperature in pressurizer surge line (TFU-PRIZF), from
-24 to 200 seconds,
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Fig. 38 Fluid temperature in nressurizer surge line (TFU—PRIZE), from
-6 to 42 seconds,
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Fig. 39 Fluid temperature in pressure suppression tank (TF-PSS-33, TF-
PSS-130), from -24 to 200 seconds.
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Fipg. 40 Fluid temperature in pressure.suppression tank (TF-PSS-33, TF-
PSS=130), from -6 to 42 seconds. .
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Fig. 41 Material temperature in.intact loop (TMI-1T16, TMU-15B16, TMU-
15T16), from -24 to 200 seconds.
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Fie, 42 Material temperature in intact loon (TMU-1T16, TMI-15B16, TMU-
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Fig. 43 Material temperature in broken loop (TMB-20B16, TMR-30T16), from
~24 to 200 seconds. ;
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Fip. 44 Material temnmerature in broken loop (TMB-20B16, TMB-30T16), from
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Fig. 45 Material temperature in vessel filler (TMV—F‘T—AM, TMV-TI-115A),
from =24 to 200 seconds.
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Fig., 47 Material temperature in vessel filler insulator (TIV-F0-35A, TIV-
FO=-70A, TIV-F0-115A), from -24 to 200 seconds,
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Fig. 49 Core heater temperature, Rod ND-4 (TH-D4-14, TH=-D4-29), from -24
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Fim, 53 Core heater temperature, Rod F-4 (TH-F4-23, TH-T4-27), from -24
to 200 seconds,
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Fig. 54 Core heater tempmerature, Rod F-4 (TH-FE4-23, TH-F4-27), from -6
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Fip. 55 Core heater temperature, Rod F-5 (TH-F5-21, TH-F5-25), from =24
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Fig. 57 Core heater temperature, Rod A-4 (TH-A4-09), from -24 to 200
seconds, ' .
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Fig. 58 Core heater temperature, Rod A-4 (TH-A4-09), from -6 to 42
seconds,
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Fig. 59 Core heater temperature, Rod A-5 (TH-A5-29, TH-A5-45), from -24
to 200 seconds,
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to 42 seconds.

Sl



CCRE HEATER TEMPERATURE (DEO F)

1400.
X TH-83-32

1300. - ey

1200.

1100.

1000. = 1 =

800.

800.

700.

800.
-2%. 0. 25. 80. 5. 100. 125. 150. 175. 2ou.
) TIME AFTER RUPTURE (SEC)
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Fig. 62 Core heater temperature, Rod B-3 (TH-B3-32), from -6 to 42
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Fig. 63 Core heater. temperature, Rod B-5 (TH-B5-33, TH-R5-38), from -24
to 200 seconds.
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Fig. 67 Core heater temperatnure, Rod -2 (TH-C2-38), from -24 to 200
seconds.
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Fig. 68 Core heater temperature, Rod C-2 (TH-C2-38), from -6 to 42
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Fig. 69 Corr heater temperature, Rod C-3 (TH-C3-28, TH-C3-60), from =24
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Fig. 71 Core heater temperature, Rod (-4 (TH-C4-53), from =24 to 200
seconds, .
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Fig. 72 Core heater temperature, Rod C-4 (TH-C4-53), from -6 to 42
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Fig. 73 Core heater temperature, Rod C-5 (TH-C5-28), from -24 to 200
seconds. '
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Fié. 74 Core heater temperature, Rod C-5 (TH-C5-28), from -6 to 42
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Fig. 75 Core heater temperature, Rod C-6 (TH-C6-53), from -24 to 200
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Fig. 76 Core heater temperature; Rod €-6 (TH-C6-53), from -6 to 42
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Fig. 77 Core heater temperature, Rod C-7 (TH-C7-07, TH-C7-15), from -24
to 200 seconds.
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Fig. 78 Core heater temperature, Rod C-7 (TH-C7-07, TH-C7-15), from -6
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Fig. 80 Core heater temperature, Rod D-1 (TH-D1-21), from -6 to 42
seconds, .
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Fig. 83 Core heater temperature, Rod ND-3 (TH-D3-29, TH-D3=39), from -24
to 200 seconds. '
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Fig. 85 Core heater temperature, Rod D-6 (TH~D6-14), from =24 to 200
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.Fig. 86 Core heater temperature, Rod D=6 (TH-D6-14), from.-6 to 42
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Fig, 87 Core heater temperature, Rod D-7 (TH-D7-20), from =24 to 200
seconds.

1300.

X TH-D7-20
[T
1200. =3
.
‘ﬂ

& - 1100. 4
o
W
o
&
x 1000.
2
<
[- 4
& I
b <
w 900.
@
(")
w.,
by
X 800.
&
o I
© I

700.

600. -

-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 0.0 us.

TIME AFTER RUPTURE (SEC)

Fip. 88 Core heater temperature, Rod D—7A(TH-D7—20), from -6 to 42
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Fig. 89 Core heater temperature, Rod P-8 (TH-D8-57), from =24 to 200
seconds.
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Fig. 90 Core heater temperature, Rod D-8 (Tﬂ-b8—57), from -6 to 42
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Fig. 91 Core heater temnerature, Rod F-1 (TH-F1-33), from =24 to 200

seconds.,
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Fig. 92 Core heater temperature, Rod E-1 (TH-F1-33), from -h to 42
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Fig, 93 Core heater temperature, Rod F-2 (TH~F2-20, TH-E2-33), from =24
to 200 seconds.
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Fig. 94 Core heater temperature, Rod F-2 (TH-F.2-20, TH-E2-33), from -6
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Fig. 95 Core heater temperature, Rod F=3 (TH-T3-N5, TH-F3-20, TH-E3-24),
from -24 to 200 seconds.
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Fip, 96 Core heater temperature, Rod ‘F-3 (TH-F3-05, TH-E3-20, TH-FE3-24),
from -6 to 42 seconds.
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Flg. 97 Core heater temperature, Rod F-6 (TH-E6-08, TH-F6-28, TI-FE6- 37),
from =24 to 200 seconds,

1400. [~
. L ]
: : ' AT | X 1H-E6-08
- C
1300. = A TH-E6-28
AT T + TH-EG-3/
//
1200 ‘ 4
2 pres
@
8 4%
e 1100. 4 i~
& T |
g . v/ nn -
« 1000. b
¥ g
r
W
-
i 4 900. 7!
by
R
-«
w
x
w 80o.
£ 11T
(5] — i
AR g o o] e B 4
700. = = =!i )
600.
-10.0 -5.0 0.0 5.0 10.0 15,0 20.0 25.0 30.0 35.0 “0.0 us.0

TIME AFTER RUPTURE (SEC)

Fig. 98 Core heater temperature, Rod F-6 (TH-Fé-08, TH-E6-28, TH-F6-37),
from -6 to 42 seconds.
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Fig. 99 Core heater temperature, Rod F-7 (TH-T7-44), from -24 to 200
seconds,
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Fig. 100 Core heater temperature, Rod E-7 (TH—EZ-&&), from -6 to 42
seconds., : '
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Fig. 101 Core heater temperature, Rod F-8 (TH-F8-14, TH-RB-29, TH-F8-45),
from -24 to 200 seconds.
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Fig. 102 Core heater temperature, Rod F-8 (TH-E8-14, TH-E8-29, TH-FE8-45),
from -6 to 42 seconds.
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Fig., 103 Core heater temperature, Rod F-2 (TH-F2-07, TH-F2-25), from -24
to 200 seconds.
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Fig. 104 Core heater temperature, Rod F-2 (TH-F2-07, TH-F2-25), from -6
to 42 seconds. :
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Fig. 105 Core heater temperature, Rod F-3 (TH-F3-06, TH-F3-22, TH-F3-25),
from =24 to 200 seconds. :
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Fig. 106 Core heater temperature, Rod F-3 (TH-F3-06, TH-F3-22, TH-F3-25),
from -6 to 42 seconds.
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Fig. 107 Core heater temperature, Rod F-4 (TH-F4-14, TH=F4-29, TH-F4-44),
from =24 to 200 seconds.
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Fig. 108 Core heater temperature, Rod F-4 (TH-F4-14, TH-F4-29, TH-F4-44),
from -6 to 42 seconds, o Co
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Fig. 109 Core heater temperature, Rod F-5 (TH-F5-20, TH-F5-26, TH-F5-33,
TH-F5~54), from =24 to 200 seconds.
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Fig. 110 Core heater temperature, Rod F-5 (TH-F5-20, TH-F5-26, TH-F5-33,
TH-F5-54), from -6 to 42 seconds,
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Fig. 111 Core heater temperature, Rod F-6 (TH-F6-09, TH-F6-28), from
~24 to 200 seconds. ‘ '
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Fig. 112 Core heater temperature, Rod F-6 (TH4F6-O9, TH-F6-28), from
-6 to 42 seconds, :
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Fig. 113 Core heater temperature, Rod F-7 (TH-F7-39), from =24 to 200

seconds,
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Fig. 114 Core heater temperature, Rod F-7 (TH-F7-39), from -6 to 42

seconds,
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Fig. 115 Core heater temperature, Rod G-3 (TH-G3-13), from -24 to 200

seconds,
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Fig. 116 Core heater temperature, Rod G-3 (TH=G3-13), from -6 to 42
seconds,
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Fig. 117 Core heater temperature, Rod G-4 (TH-G4-29, TH-G4-33, TH-G4-38),
from -24 to 200 seconds.
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Fig. 118 Core heater temperature, Rod G-4 (TH-G4-29, TH-G4-33, TH-G4-38),
from -6 to 42 seconds. ‘
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Fig. 119 Core heater temperature, Rod G-5 (TH-G5-14, TH-G5-24), from -24
to 200 seconds.
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Fig. 123 Core heater temperature, Rod H-5 (TH-H5-32), from =24 to 200
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Fig. 125 Pressure in intact loop, Spool 13 (PU-13), from -24 to 200
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Fig. 129 Pressure in broken loon, near break (PR-37, PR-42), from -24
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Fig. 130 Pressure in broken loon, near break (PB-37, PR-42), from -6 to
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Fig. 131 Pressure in broken loop, pump-side nozzle (PR-HN1), from -24 to
200 seconds.
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Fig. 133 Pressure in hroken loop, vessel-side nozzle (PB-CN1l, PB-CN2),
from =24 to 200 seconds.
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Fig. 134 Pressure in hroken loop, vessel-side nozzle (PB-CN1, PR-C¥2),
from -6 to 42 seconds,

88



2000.
X PB-CN3
& PB-CN4
=
1500.
<
w
o
~  1000.
W
[ 4
p>
w0
wn
")
& Y .
500. \
M,
0.
-29%. 0. a5. 50. 5. 100. 125. 150. 175. 200.

TIME AFTER RUPTURE (SEC)

Fig. 135 Pressure in broken loop, vessel-side nozzle (PB-CN3, PB-CN4),
from =24 to 200 seconds.
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Fig. 137 Pressure in vessel (PV-UP+10, PV-1P-180), from -24 to 200 seconds.
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Fig., 143 Pressure in pressurizer (PU-PRIZF), from =24 to 200 seconds.
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Fig, 144 Pressure in pressurizer (PU~-PRIZE), from -6 to 42 seconds.
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Fig. 149 Differential pressure in intact loop (NDPU-3-7), from =24 to 200
seconds,
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Fig. 151 NDifferential pressure in intact loop (DPU-7-10), from =24 to
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Fig. 154 Differential pressure in intact loop (DPU-12-10), from -6 to 42
seconds,
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Fig. 155 Differential pressure in intact loop, low range (DPU-12-10L),
from -24 to 200 seconds. ' ’
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Fig. 159 Differential pressure in intact loop (DPU-15-IANN), from
-24 to 200 seconds.
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Fig. 160 Differential pressure in intact loop (DPU-15-TIANN), from

-6 to 42 seconds.
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Fig. 165 Differential pressure in intact loop (DPU-PR-4), from
=24 to 200 seconds.
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Fig., 166 Differential pressure in intact loop (DPU-PR-4), from
-6 to 42 seconds.
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Fig. 167 Differential pressure in broken loop (DPB-UP-30), from
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Fig. 168 Differential pressure in broken loop (DPBE-UP-30), from
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Fig. 170 Differential pressure in broken loop (DPB-21-IARN), from
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Fig. 171 Differential pressure in broken loon (DPB-23-CN1l), from

-24 to 200 seconds.
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Fig, 172 Differential pressure in broken loon (DPB-23-CN1l), from
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Fig, 183 Differential pressure in broken loop (DPB-~40-42), from
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Fig. 184 Differential pressure in broken loop (DPB~40-42), from
-6 to 42 seconds.
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Fig. 198 Differential pressure in vessel
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Fig. 202 Differentinl pressure in vessel (DPV=-173-1800Q), from
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Fig. 203 Differential pressure in vessel (DPV-166-191NT), from
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Fig. 205 Differcntial pressure in vessel (DPV-LP-UP), from
-24 to 200 seconds.
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Fig, 206 Differential pressure in vessel (DPV-LP-UP), from
-6 to 42 seconds.
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Fig. 207 Differential pressure in vessel core (DPVC- 89”—UP), from
=24 to 200 seconds,
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Fig. 208 Differential pressurc in vessel core (DPVC-89W-UP), from
-6 to 42 seconds.
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-24 to 200 seconds.

3.0 -
X DPVC-89-106WQ
N
2.0 =
a
['d
e
1.0
S A
=1
$ ) BB ‘
W
4 MY
< 0.0
. -
2 ! miie
x
w
@
w
(™S
=t
o
-1.0 -
\
-2.0
-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30. 35.0 wo. us.

TIHE AFI1ER RUPTURE (SEC)

Fig. 210 Differential pressure in vessel core (DPVC-59-106'0)), from

-6 to 42 seconds.
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Fig. 218 Differential pressure in intact loop accumulator (LPU-ACC-TR),
from -6 to 42 seconds.
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Fig. 219 Differential pressure in broken Jloop accumulator (DPR-ACC-TR),
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Fig. 227 Volumetric flow in intact loop (FTU-13, FTU-15), from
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Fig. 230 Volumetric flow in broken loop (FTB-21), from -6 to 42 seconds.
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Fig. 234 Volumetric flow in core entrance (FTV-CORE-IN), from
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Fig. 247 Momentum flux in intact loop (¥FDU-5), from -6 to 42 seconds.
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Fig. 248 Momentum flux in intact loop (FDU-10) from -6 to 42 seconds.
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Fig. 249 Momentum flux in intact loop (FDU-13), from -6 to 42 seconds.
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Fig. 250 Momentum flux in intact loop (FDU-15), from -6 to 42 seconds.
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Fig. 251 Momentum flux in broken loop (Fnp-21), from -6 to.42 seconds.
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Fie, 253 Momentum flux in broken loop (FDP-30), from -6 to 42 seconds.
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Fig. 254 domentum flux in broken loop (FDB-37), from -6 to 42 seconds.
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Fig. 255 Momentum flux in broken loop (FDBR-42), from -6 to 42 seconds.
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Fig. 256 Momentum flux in core entrance (FDV-CORE-IN), from -24 to
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Fig. 259 Density in intact loop (GU-1VR, GU-1HZ), from ~6 to 42 seconds.
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Fig. 261 Density in intact loop (GU-5VR, GU-10VR), from -6 to 42 seconds.
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Fig. 263 Densitv in intact loon (GU-13VR), from -6 to 42 seconds.
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Fig. 266 Density in broken loop (GB-21VR, GE-23VR), from -24 to
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Fig. 267 Density in broken loop (GB~21VR, GB-23VR), from -6 to 42 seconds.
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Fig. 272 Density in vessel (GVLP-165HZ, GVLP-1721'Z), from =24 to
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Fig. 273 Density in vessel (GVLP-165liZ, GVLP-172HZ), from -6 to 42
seconds.
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Fig. 279 Mass flow in intact loop (FTU-9, GU-10VR), from -6 to 42
seconds.,
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Fig. 284 Mass flow in intact loop (FTU-15, GU-15VR), from -6 to 42
-~ seconds. ‘
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Fig. 285 Mass flow in broken loop (I'DB-21, GB-21VR), from -6 to 42
seconds.
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Fig, 286 Mass flow in broken loop (FTB-21, GB-21VR), from -6 to 42

seconds.
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Fip. 287 Mass flow in broken loop (FDB-23, GB-23VR), from -6 to 42
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Fig. 288 Mass flow in broken loop (Fb¥-30, CR-30VR), from -6 to /2
seconds.
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Fig. 289 Mass flow in broken loop (TFTB-30, CB—BOVR),'from -6 to 42
seconds.
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Fig. 290 Mass flow in broken loop (FDE—ZZ, GB-42VR), from -6 to 42
seconds.,
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Fig. 291 Mass flow in vessel (FDV-CORE-IN, GV-COR-1501iZ), from
=24 to 200 seconds.
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Fig. 292 Mass flow in vessel (FDV-CORE-IN, GV-COR-15017Z), from -5 to
42 secouds., '
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Fig, 293 Mass flow in vessel (FTV-CORE-IN, GV-COR-1501Z), from =24 to
200 seconds.
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Fig. 294 Mass flow in vessel (FTV-CORE-IN, GV-COR-1501iZ), from -6 to
42 seconds.
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‘ Fig. 296 Total power in heated core (PWRCOR T-1, PWRCOR T-2), from
-24 to 200 seconds. '
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Fig. 297 Total power in heated core (PWRCOR T-1, PWRCOR T-2), from
6 to 42 seconds.
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Fig. 298 Voltage to heated core (VOLTCOR-T), from =24 to 200 seconds.
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Fip. 299 Voltage to heated core (VOLTCOR-T), from -6 to 42 seconds.
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Fig. 300 Current to heated core (AMPCOR-T), from -24 to 200 seconds.
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Figa. 301 Current to heated core (AMPCOR-T), from -6 to 42 seconds.
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Fig, 302 Primary pump toraue (PUMPU-TORN), from =24 to 200 seconds.
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Fig. 303 Primary pump torque (PUMPU-TORN), from -6 to 42 seconds.
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Fig., 304 Primary pump speed (PUMPU-NPM), from -24 to 200 seconds.
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