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ABSTRACT

Recorded test data are presented for Test S-02-4 of the Semiscale Mod-1 blow-
down heat transfer test series. Test S-024 is one of several Semiscale Mod-1 experi-
ments conducted to investigate the thermal and hydraulic phenomena accompanying
a hypothesized loss-ot-coolant accident (LOCA) in a water-cooled nuclear reactor
system and to provide data for the assessment of the Loss-of-Fluid Test (LOFT)
"design basis.

Test S-024 was conducted from an initial cold-leg fluid temperature of 544°F
and an initial pressure of 2,263 psia. A simulated double-ended offset shear cold leg
break was used to investigate the system response to a depressurization transient
with full design core power (1.6 MW). An electrically heated core was used in the
pressure vessel to simulate the effects. of a nuclear core. System flow was set to
achieve the full design core temperature differential of 66°F. The flow resistance of’
the intact loop was based on core area scaling. During system depressurization, core
power was. reduced from the initial level of 1.6 MW in such an manner as to
simulate the surface heat flux response of the LOFT nuclear fuel rods until such
time that departure from nucleate boiling (DNB) occurs. Blowdown to the pressure
suppression system was accomplished. without simulated emergency core cooling injec-
tion or pressure suppression system coolant spray.

The purpose of this report. is to make available the uninterpreted data from
Test S-024 for future data analysis and test results reporting activities. The datu,
presented in the form of graph’§ in - engineering units, have been analyzed only to
the extent necessary to assure that they are reasonable and consistent.
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SUMMARY

Test S-02-4 was performed as part of the Semiscale Mod-1 portion of the
Sémiscale Program conducted by Aerojet Nuclear Company for the United States
Government. This test was one of the Semiscale Mod-1 tests in Test Series 2 per-
formed with an electrically heated core in place of the core simulator used in
previous isothermal tests (Test Series 1). Hardware configuration and test parameters
were selected to yield a system response that simulates the response of a pressurized
water reactor (PWR) to hypothesized loss-of-coolant accident (LOCA).

Test S-024 utilized a pressure vessel with internals; an intact loop with active
pump, steam generator, and pressurizer; a broken loop with simulated pump, sim-
ulated steam generator, and rupture assemblies; and a pressure suppression system
with header and pressure suppression tank. The electrically heated core consisted of
39 heater rods with a maximum total power capacity of 1.6 MW. For this . test,
core power was initially 1.6 MW and was subsequently reduced to simulate the
surface heat flux response of LOFT nuclear fuel rods until such time as departure
from nucleate boiling (DNB) occurs. The test objectives specific to Test S-024 were
(a) to gain information on the heat transfer characteristics of the Mod-1 core while
operating at the design power level with radial power peaking, and (b) to determine
the éffects of a temperature differential across the heated core on system response
before and during blowdown. Test S-02-4 was conducted from initial conditions of
2,263 psia and S544°F (cold 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 with an initial core inlet flow rate of 156 gpm. The instantaneous offset shear
of the broken loop cold leg piping was simulated by simultaneous actuation (within
10 milliseconds) of the rupture assemblies. The instrumentation used in Test S-02-4
generally functioned as intended except for a temporary instrumentation failure
which caused a step offset in much of the data in the period from 10.5 to 13
seconds after blowdown. Of 214 measurements attempted, 212 produced usable data.

iii



CONTENTS

ABSTRACT . . . . . e i
SUMMARY ... .. ... e e e e iii
I INTRODUCTION . . .. ... ... ... ....... e e e 1
II. SYSTEM, PROCEDURES, CONDI:I'IONS; AND -
EVENTS FOR TEST S-024 . . . . . . . . . . .. e 2
S '.S,YSTEM.CONFIGURATION”ANDI TEST PROCEDUKES . . . . Sl
.2. INITIAL TEST CONDITIONS AND SFQUFN(‘F OF FVFNTS S -3
W'I‘II; -DATAPRESENTATION . T ~.‘.- - 7
IV REFERENCE " . . . ... ... ..... | . - C e 9'4
” ,FI(IUR’ES .
Jl '_Semlscale Mod I system and mstrumentatmn cold leg break o .
; configuration - isometric . .. . ... .. e Cee e 8
2 Semiscale Mod-1 systerm and instrumentation for cold leg .
" 'break configuration ~ schematic e IR I, IR 9
3. SemlscaIe Mod-1 pressure vessel ~ cross sectlon ' g

" showing instrumentation -. B e e e REEIR 10
4. Semiscale Mod-1 pressure vess.e.l - isometric shoWing .

s instrumentation . . . . ... ... .. .. e e e e e e e e e 11
5 Semiscéle I/Iod-I .p.r.es.sp'z.r.e véséel - 'pen.et‘rat‘i-ons‘ ancI: _ .

. instrumentation . I T A e e e e e .12
6 Semiscale Mod-1 heated core, plan view . . .. - o L ...... 13
7. Eluiid temperature in intact oop L L L4
8. Fluid temperature in broken loop (vesselside) . . . . . . . . .. . ... ... .. 24
9. Fluid temperature in broken loop (pump side) . . . . . . . . . . . ... .. .. 25
10. Fluid temperature in downcomer annulus (upper) . . . . . . . . . . ... .. .. 25

Av

Fad



4 4

11.

12.

13.

14.

15.

16.

17.

“18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

33.

34.

3S.

Fluid temperature in downcomer annulus (lower) . . . . . .. ... .. ... .. 26

Fluid temperature in upper plenum . . . . . . . . .. .. ... 26
Fluid temperature in lower plenum . . . . . . . . . ... ... 27
Fluid temperature in core (Grid Spacer S) . . . . . . . . . . . . ... ... ... 27
Fluid temperature in core (Grid Spacer6) . . . . . . . . . . . .. .. ... ... 28
Fluid temperature in core (Grid Spacer 8) . . . . . . . .. . . ... ... ... 28
Fluid temperature in core (Grid Spacer 10) . . . . . . .. .. ... ... ... . 29
Fluid temperature in steam generator inlet and outlet . . . . . . .. .. ... .. 29
Fluid temperature in steam generator . . . . . . . . .. ... 30
Fluid temperature in pressurizer surgeline . . . . . . . . . .. .. .. e 1
’ Fluid temperature in pressure suppressionsystem . . . . . . . . . . . . . .. .. 31
Material temperature in intactloop . . . . . . . . . . ..o o0 31
Material temperature in brokenloop . . . . . . .. ..o 32
Material temperature invessel wall . . . . . . . . . .. ... ... ..., .. 32
Maternial temperature invessel filler . . . . . . . . ... ..o oL 33
Material temperature in vessel filler insulator . . . . . . . . . . .. ..o 33
Material temperature in core barrel . . . . . . . .. R 34
Core heater temperature, Rod D4 . . . . . . . . .. .. ..o 34
Core heater temperature, Rod D-5 . . . . . . . . ... ... oL 35
Core heater temperature, Rod E4 . . . . . .. .. .. ... ... 35
Core heater temperature, Rod E-5 . . . . . . ... .. .. ... ... . 36
Core heater temperature, Rod A4 . . . . .. . ... ... oL 36
Core heater temperature, Rod A-5 . . . . . . .. . .. ... ..o 37
Core heater temperature, Rod B-3 . . . . . . .. .. ... ... ... .. T 37
Core heater temperature, Rod B-5 o [ 38



36.
37.
.38,
39.
40.

41.

.43,
44,
45.
46.
47.
48.
49.
-50.
51.
52.
S3.
54,
53.
56.
57.
58.
59.

-60.

Core heater temperature, RodB-6 -. . . . . . .. ... ... ... ... . ... 38

Core heater temperature, Rod C2 ..... e e 39
Core heater temperature, RodC-3 . . . . .. ... .. e e e 239
Core heater temperature, RodC4 . . . .. ... ... .. ..... e e 40
Core heater temperature, Rod C-S ....... e e e e e e e e e e : 40
Core heater temperature, Rod C-6 . . . . .. .. ... .. B PRI 41
Corc hcater temperature, Rod C7 . . . .. G e i e s e e e e e 41
Core heate; temperature, Rvod D2 .......... e ... 42
Corc hcater temperature, Rod D-3 . . . . . .. e s I 42
Core heater temperature, Rod D-6 . . . .. ... ... B A T 43
Core heater temperature, Rod D-7 . ... . . .. .. S e e e 43
Core heater temperature, Rod D-8 . . . . .. .. ... .. .. e .. 44
Core heater temperature, Rod E-1 . . . . .. .. T
Core heater temperature, Rod E-2 . . . . .. ... ... e e e 45
Core heater temperature, Rod E-3 . . . . . .. e .. .45
Core heater temperature, RodE-6 . . . . .. .. ... .. e e 46
Core heater temperature, Rod E-7 . . . . . ... ... ... ... ........ 46
Corc hcater tcmperature, Rod E-8 . . . . . . . .. e e e e 47
Core heater temperature, Rod F-2 . . . . .. ... ... .. ... ...... .. . 47
Core heater temperature, Rod F-3 . . . ... ... ... ... e e e e 48
Core heater temperature, Rod F-4 . . . . . . . . .. ... 48
Core heater temperature, Rod F-5 . . . . . ... .. ... .. e 49
Core heater temperature, Rod F-6 . . . . . ............ ... ... .. .49
Core heater temperature, Rod F-7 . . . ... ... ... ... .. e e e e e 50
Core heater temperature, RodG4 . . . . ... ... . . e 50

Vi

-



[

61.
62.
63.
64.
65S.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

76.

717.
78.

79.

80.
81.

82.

83.

Core heater temperature, Rod G-5 . . . . . .. ... ... .o 51

Core heater temperature, Rod G-6 . . . . ... .. ... ... . ........ 51
Core heater temperature, Rod H4 . . . . . . . . .. e e e e e 52
Pressureinintactloop . . . . . . . . . . . . L Lo e 52
Pressure in broken loop (vesselside) . . . . . . .. [ 53
Pressure in broken loop (pumpside) . . . . . . .. ..o 53
Pressure invessel . . . . . .. e e e e e e e e e e e e e e e 54
Pressure in stcam generator, sccondary side . . . . . .. L L L I 54
Pressure in steam generator, primary side o 55
Pressure in Pressurizer . . . . . . .« « o e e e e e e e e e e e e e e 55 ‘
Pressure in pressure suppression system ... 56
Differential pressure in intact loop (upper plenu‘m toSpool 1) . ... .. .... 56
Differential pressure in intact loop (Spool 1 to Spool3) . . . . . . .. . .57
Differential pressure in intact loop (Spool 3 to Spool 6) . . . S 57
Differential pressure in intact loop (Spool 6 to Spool 7) . . . . . . . .. . .. .. 58

Differential pressure in intact loop (steam generator outlet

plenumto Spool 7) . . . . . . ... e e 58
Differential pressure in intact loop (Spool 7to Spool 10) . . . . . . . . ... .. 59

Differential pressure in intact loop (Spool 12 to Spool 10) . . . . . . .. e e 59

Differential pressure in intact loop, low range (Spool 12

toSpool 10) .. . . . . e e 60
Differential pressure in intact loop (Spool 12to Spool 15) . . . . .. .. .. .. 60

Differential pressure in intact loop (Spool 15to Spool 1) . . . . . .. ... ... 61

Differential pressure in intact loop (Spool 15 to vessel
inlet annulus) . . . . . . L L Lo e e e e e 61

" Differential pressure in intact loop (Spool 15 to atmosphere) . . . . . . ... .. 62

vii



84.

8S.

86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Differential pressure in intact loop (pressurizer liquid level) . . . IR 62

Differential pressure in broken loop (vessel-side nozzle throat

“to divergent section) . . . . . . L L L L. L L 63
Differential pressure in broken loop (Spool 30 to Spool 36L) . . .. . . . .. .. 63
Differential pressure in broken loop (Spool 32U to Spool 36L) . . . . . . . . .. 64
Differential pressure in broken loop (Spool 38 to Spoot 40) . . . . . . . . . .. . 64
Differential pressure in vessel (inlet annulus to upper plenum) . . . . . ... .. 65
Differential pressure in vessel (DPV-9-1 80QQ) ......... e 65
Differential pressure in vessel (DPV-22M-I) . . . . . . . . .. .. I 66
PDitterential pressure in vessel (DPV-26-55QM) . o 66
Differential pressure in vessel (DPV-156-173QQ) . . . . . . . .. e . 67
Differential pressure in vessel (DPV-166-191QT) . . . . e . 67
Differential pressure in vessel (DPV-LP-UP) . .. ........ e e . 68
Differential pressure across steam generator inlet orifice © . . . . . L 68
- Differential pressure across steam generator outlet orifiée ............. 69
Differential pressure in steam generator secondary . . . . . . . . . ... ... 69
Volumetric tlow in intact loop (F1'U-1, FIUY) . . .. .. ... .... IR 70
Volumetric flow in intact loop (FTU-13, FTU-15) . . . . .. .. .. ... ... 70
Volumctric flow in brokenloop (FTB-21,FTB-30) . .. .. .. ... .. ... 71
Volumetric flow in core entrance . . . . . . . . . . ... ... 71
Fluid velocity invessel . . . . . . . . . . . . . ... e 72
Momentum flux in intact loop (Spool i) ....... e e e e e e e e e e 72
Momentum flux in intact loop (Spool 5) . . . . . . ... 73
Momentum flux in intact loop (Spool 10) . . ‘. e e e L .b ... 73
Momentum flux in intact loop (Spool 13) -. T I e ... 74

wiil



Cor

o

108.
109.
110.
111,
112.
113.
114,
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.

132.

Momentum flux in intact loop (Spool 15) . . . . . . . . . . . ... .. ... .. 74

Momentum flux in intact loop (Spool 21) . . . . . . . e e 75
Momentum flux in intact loop (Spool 23) . . . . . . . . . . .. ... ... .. 75
Momentum flux in intact loop (Spool 30) . . . . . . . . . . . .. ... ... .. 76
Momentum flux in intact loop (Spool42) . . . . . . . . . . . ... ... 76
Momentum flux in COre entrance . . . . . . . . . . oo 77
Density in intact loop (GU-1VR, GU-1HZ) . . ... ... T 77
Density in intact loop (GU-5VR, GU-10VR) . . . . . . . ... ... ... ... 78
Density in intact loop (GU-13VR) . . . . . . . . . . . . . ... .. | .. 78
Density in intact loop (GU-15HZ, GU-15VR) . . . . . .. ... .. .. ... .. 79
Density in broken loop (GB-21VR,GB-23VR) . . . ... ... ... R 79
Density in broken loo;; (GB42VR) . . . . . o ... 80
Density in vessel (GV-COR-150HZ, GV-161/192) . . . . . . . ... ... .... 80
Density in vessel (GVLP-165HZ, GVLP-172HZ) .................. 81
Density in presSUrizer . . . . . . . . . . i . e e e e e e e e e e e e ‘81
Mass flow in intact loop (FDU-1 and GU-1VR) . . . ... .. .. ....... 82
Mass flow in intact loop (FTU-1 and GU-1IVR) . . . . . . .. ... ... .... 82
Mass flow in intact loop (FDU-5 and GU-5VR) . . . . . . . .. .. ... .... 83
Mass flow in intact loop (FTU-9 and GU-10VR) . . . . . . . . . . . .. ... .. 83
Mass flow in intact loop (FDU-10 and GU-10VR) . .. . .. e 84
Mass flow in intact loop (FDU-13 and GU-13VR) . . . . . . . . . . ... .. .. 84
Mass flow in intact loop (FTU-13 and GU-IBVR) ................. 85
Mass flow in intact loop (FDU-15and GU-15VR) . . . . . . . . .. . ... ... 85
Mass flow in intact loop (FTU-15and GU-15VR) . . . . . . . ... .. ... .. 86
Mass flow in broken loop (FDB-21 and GB-21VR) . . . . . ... ... ... .. 86

X



133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
| 144.
15.

146.

I

1I1.

Iv.

Mass ﬂ'ow in broken loop (FTB-21 and GB-21VR) . . . . . . ... .. ... .. 87

Mass flow in broken loop (FDB-23 and GB-23VR) . . . . . . . . . .. .. .87

Mass flow in broken loop (FDB-30 aﬁd GB-30VR) . .. ... ... .. 88
Mass flow in broken loop (FTB-30 and GB-30VR) . . . . . . .. . ... .. .88
Mass flow in broken loop (FDB-42 and GB42VR) . .' ..... R . . . 4. 89
Mass flow in vessel (FTV-CORE-IN and GV-COR-150HZ) . . . .‘ ......... 89
Mass flow in vessel (FDV-CORE-IN and GV-COR-150HZ) . . .. .. .. .. .. 90
Core heater pin total power . . . . . . . . C e ‘. ............ 90
‘Core heatervoltage . . . . . . . . . . . . 91
Core heater total current . . . . . . .. .. ... .... e 91
Core heater current(RodF-5) . . . ... ... ... .... e e e 92
Primary pump-torque . . . . ... ... . ... 92
‘P~rimary.p1'1mppower ...... 93
-Primary pumpspeed . . . .. e e e e e e e . . 93
TABLES
Conditions at Blowdown Initiation . . . . . ... ... .. ... ........ 4
Primary Coolant Temperature Distribution at Rupture . . . . . . . .. ... .. 5
Water Chemistry Prior to Blowdown L 5
Sequence of Events During Test . . . . . . . . . . . . ... ... ... ... 6

Data Presentation for Secmiscale Mod-1 Test 8024 . . . . . . . . . .. .. ... 11



o

Co

EXPERIMENT DATA REPORT FOR SEMISCALE MOD-1 SYSTEM
TEST S-024
(Blowdown Heat Transfer Test)

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 water-cooled nuclear reactor system to a
hypothesized loss-of-coolant accident (LOCA). The underlying objectives of the Semi-
scale project are to quantify the physical processes controlling system behavior dur-
ing an LOCA and to provide an experimental data base for assessing reactor safety
evaluation models. The Semiscale Mod-1 program has the further objective of provid-
ing support to other experimental programs in the form of instrumentation assess-
ment, optimization of test series, selection of test parameters, and evaluation of test
results.

Test S-024 was conducted in the Semiscale Mod-1 system as part of a series
of tests (Test Series 2) to obtain thermal-hydraulic response data from a blowdown
transient in a simulated nuclear reactor with a heated core to provide an experi-
mental basis for analytical model development and verification. The test was also
conducted to obtain data to aid in assessing the Loss-of-Fluid Test (LOFT) design
basis and in planning LOFT experiments.

For Test S-024, a 39-rod electrically heated core was used in the core barrel
of the pressure vessel in place of the core simulator used in previous (isothermal)
tests. (The heater array can accommodate 40 rods, but one location was used for a
liquid level detector.) The initial core power level was set at the maximum design
power of 1.6 MW. The radial power profile was peaked, with the four center rods
having a 20.4% higher maximum power density than the core average maximum
axial power density. During the blowdown, the core heater power was adjusted to
simulate the thermal respornise characteristics of nuclear-heated rods prior to departure
from nucleate boiling (DNB). The pipe break configuration simulated a full size
(200%) double-ended break in the cold leg broken loop piping.

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 analy-
sis and interpretation. Section II briefly describes the system configuration, proce-
dures, initial test conditions, and events that are applicable to Test S-02-4; Section
I presents the data graphs and provides comments and supporting information nec-
essary 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.



II. SYSTEM, PROCEDURES, CONDITIONS, AND -

EVENTS FOR TEST S-024

The following system configuration, procedures, initial test conditions, and
events are specific to Test S-024.

1. SYSTEM CONFIGURATION AND TEST PROCEDURES

~The Semiscale Mod-1 system used for Test S-02-4 consisted of a pressure vessel
with internals; an intact loop with steam generator, pump, and pressurizer; a blow-
down loop with simulated steam generator, simulated pump, and two rupture assem-
blies; a 39-rod electrically heated core; and a pressure suppression systemr with a
suppression tank and header. The Semiscale Mod-l1 experimental system is described
in detail in Reference 1. ‘

For Test S-024, the intact loop steam gener‘ator 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 Test S-02-4, 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. 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 sam-
pled to allow the integrity of the measurement instrumentation and the operability
of the data acquisition system to be checked. After the core power was increased
to 1.6 MW, initial test conditions were held for about 30 minutes to establish
equuibrium 1n the system. At the end of this period, all auxiliary systems including
the bypass lines were isolated to prevent blowdown through those systems.

The system was successfully subjected to a simulated double-ended cold leg
pipe break through two rupture assemblies and (wou blowdown nozzles, each nozzle
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 following initiation of
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blowdown (0.02 second after initiation of blowdown), the lines to the accumulator
were again isolated. The effluent from the primary system was ejected into the
pressure suppression system. 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 LOFT
pumps. During the blowdown transient, power to the electrically heated core was
automatically controlled to simulate the thermal response of the nuclear-heated
LOFT fuel rods until such time as DNB occurred (Reference 1).

2. INITIAL TEST CONDITIONS AND SEQUENCE OF EVENTS

Conditions in the Semiscale Mod-1 sysfem af initiation of blowdown are given

A in Tables I and II; the primary system water chemistry prior to blowdqwn is given

in Table III; and the sequence of events relative to rupture is given in Table IV.



TABLE I

CONDITIONS AT BLOWDOWN INITIATION ‘ 3
) Méasured[a] Specified | s
Core Power 1.60 MW 1.60 £ 0.01 MW
Intact Loop Cold Leg Fluid Teﬁperature 544°F 544.1 2°F .
Hot Leg to Cold Leg Temperature
Differential 76.0°F 66 * 1°F
Pressurizer Pressure 2263 psia 2263 * 5 psia
Pressurizer Water Volume 0.58 ft3 [b]
Steam Genaeratnr Feedwater Temperature 540°F 534 * 10°F

Steam Generator Liquid Level (from -

bottom of tube sheet): 116 in. 116 * 2. in.
Fluid Temperature in Broken Loop ) : lc]
(pump side) 589°F 605. . 5°F
o
Intact Loop Cold Leg Flow 156 gpm [d]:
Pressure Suppression Tank Water Level 65.4 in. 65.4 in. :
Pressure Suppression Tank Pressure 32.0 psia 32..0 psla
Pressure Suppression Tank Watlet
Temperature 76°F <75°F.
[a] Measured initial conditions are taken from process instrumentation
read.just prior to blowdown. Those measured conditions which did
not meet the specified initial conditions were considered accept-
aoble for analysis purposes within the test objectives.
[b] Pressurizer water volume was specified in terms nf differential
pressure in the level measuring system.
le] I'feferrad range; minimum acceptable value is 580°F.
[d] Flow is not specified, since it must be adjusted to achieve the
required differential temperature across the core.
[
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TABLE II

PRIMARY COOLANT TEMPERATURE DISTRIBUTION AT RUPTURE[a]

Detector Temperature (°F)
Vessel Lower Pleﬁum (lower portion) TFV-LP-7-1/2 541
Vessel Lower Plenum (upper portion) TFV-LP-27-1/2 540
Hot Leg, Intact Loop (near vessel) RBU-2 609
Hot Leg, Intact Loop (104 in. from TFU-5 608
vessel center) ‘
Cold Leg, Intact Loop (near pump ) TFU-10 539
inlet)
Cold Leg, Intact Loop RBU-14A 542
Cold Leg, Broken Loop (near nozzle) TFB-23 536
Hot.Leg, Broken Loop (near vessel) TFB-30 603
Cold Leg, Broken Loop (near nozzle) TFB-42 589

fa] Data taken from final digital scan, approximately two minutes before
blowdown.

TABLE TII

WATER CHEMISTRY PRIOR TO BLOWDOWN[a]

ph 10.12
Coﬁductivity (ymhos/cm) 84.2

Lithium (ppm) 2.5

Chlorides (ppm) <0.1

Fluorides (ppm) <0.3

Oxygen (ppm) <0.1

Total Gas (cc/1) 199

[a] Water sample taken at a system pressure of 2,250 psig and a system
temperature of 544°F (cold leg),




TABLE IV

SEQUENCE OF EVENTS DURING TEST[a]

Time Relative

“Event to Rupture
Established Core Power Level ': ‘ 4 ) -34 min
Bypass Lines Valved Out of System, Initiation of Blowdown . —2i5 sec
Reduced Pump Power ' ’ 0
Steam Generator Feedwater and Discharge Valves Closed '1-sec
Core Power Iripped Uff a : 30.0 sec

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

The data from Semiscale Mod-1 Test S-02-4 are presented with brief comment.
Processing analysis has been performed only to the extent necessary to obtain appro-
priate 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 decom-
pression processes such as those occurring during blowdown may have subjected the
measurement devices to nonhomogeneous fluid conditions. It should also be noted
that much of the data contains a noticeable step in the period from 10.5 to 13
seconds after the initiation of blowdown. The step was caused by a detector which
temporarily failed in such a manner as to cause the output of its amplifier to
saturate at a value greater than its normal maximum of 10 volts. The excess voltage
changed the ground potential of the multiplex unit causing a small shift in the
readings. On channels with outputs near the maximum voltage, the effect of the
transient was negligible;‘ however, where the amplifier output was in the low end of
the range, the effect of the offset was significant.

The performance of the system during Test S-02-4 was monitored by about
200 detectors. 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 primarily to provide redundancy.

The data are presented, in many instances, in the form of composite graphs to
facilitate comparison of a given variable 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 information for interpre-
tation of the data graphs shown in Figures 7 through 146. Figures 1 through 6
show the relative locations of all detectors used during the Mod-1 blowdown heat
transfer test series. Table V groups the measurements taken during Test S-02-4
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 146 present all the blow-
down 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-02-4

Measurement
FLUZID TEMPERATURE

Intace Loop
RBU-2
TFU-5
TFU 10

RBU-14A

Broken loop
THB=-20

TFB-23

TFB-30

TFB-42

Downcomer Annulus
TFV-ANN-15M

TFV~ANN-35A

TFV-ANN~-35T
TFV-ANN-1154

TFVeARN=115M

Upper Plenum

TFV~UP+13
Lower Plenum

TFV-LP=-7-1/2
TFV-LP-14-1/2
TFV-LP-27-1/2

Core Grid Spacers
Grid Spacer 5

TFG~-5CD-45
GrI AR
TFG-6AB-45
TFG-GCD=45

TFG-6DE-45
~-h7

TFG-6GH-45
Grid Spacer 8

TFG~8CD-45

la] bata Acquisitcion

Location and Comments fal

Detector System Figure
Chromel-Alumel thermoccuples unless 0-2300°F 0-1017°F
specified otherwise .

Hot leg, Spool 2, 46 in. érom 0-1000°F 0-1000°F
vessel center (platinum resistance
bulb) .

Hot leg, Spool 5, 104 in. from
vessel center

Cold leg, Spand 0, 144 in  fram
vessel center

Cold leg, Spool 14, 43 in. from 0-1000°F 0-1000°F
vessel center, upstream of cold leg )
injection port (platinum resistance
bulb)
0-2300°F 0-591°F

Cold leg, Spool 20, 21 in. from : 8
vessel ‘center

Cold leg, Spool 23, 91 in. from 8

vessel cencter, upstream of vessel-
side nozzle

Hot leg, Spool 30, 16 fn. from 0-1017°F 9
vessel center .

Hot leg, Spool 42, 414 in. from 0-1017°F 9
vessel center, along cold leg, upstream |
of pump-side nozzle

Centered in annulus, Type J iron- 0-1400°F ~ 0-803°F
constantan .thermocouples

15.in. below cold leg centerline, 10
180° . g .

35 in. below cold leg centerline, 0° ‘ . 10

35 in. below cold leg centerline, . 10
270° B .
115 in. below cold leg centerline, 11
0°
115 in. below cold leg ecencerline, 11
IR

0-2300°F 0-1017°F 12

In upper plenum 13.5 in. above
cold leg centerline at 180°

On fluid thermocouple rack, 1 in. 0-2300°F 0-1017°F 13
from vessel center, 45° :

7.5 {n. from bottom
14.5 in. from bottom
27.5 in. from bottom
0-2300°F 0-2382°F

55 in., below cold leg -centerline, 14
21.5 in. above top of heated length

Thermocouple in space defined by
Columns C and D, Rows 4 and 5

70 Lu. l,;_clu\_- wid log coatcilfine : 15
1.2 in. above top of heated length

Thermocouple in space defined by
Columns A and B, Rows 4 and 5

Thermocouple in space defined by
Columns C and D, Rows 4 and 5

Thermocouples in space defined by
Columns D and E, Rows 4 and 5, and
6 and 7

Thermocouple in space defined by
Columns G and H, Rows &4 and §

109 in. below cold leg centerline : 16
at center of heated length

Thermocouple in space defined by
Columns C and D, Rows 4 and 5

14

Measurement Comments

[b)



TABLE V (contd.)

DATA PRESENTATION FOR SEMISCALE MOD-1

TEST S-02-4

HMeasurement

Range (8]

Data Acquisition la)
System Figure

(a)

Location and_Comments Detector

FLUTD TEMPERATURE (contd.)

.Core Grid Spacers_(contd.)

TFC-8DE-23

-45

~-67

~  TFG-8EF-45
Grid Spacer 10

TFG-10CD-45 _

TFG-10DE-23
-67

TFG-10EF-45

TFG-10GH-45

ECC System
TFU-ECC

Steam Generstor

TFU-SGFW
TFU-5GSD
TFU-5G1
TFU-562
TFU-SG3
TFU-SG&

Pressurizer

TFU-PRIZE

Pressure Suppression
System -

TF-P5S-33
TF-PSS-130

MATERIAL TEMPERATURE

Intact Loop
TMU-7S16

TMU-BS16

Broken Loop
TMB-20T16

TMB-30T4
TMB-30T16

Vessel Wall

TMV-VI-154

Thermocouples in space defined by
Columns D and E, Rows 2 and 3,
4 and 5, 6 and 7

16

Thermocouple in space defined by 16

Columns E and F, Rows 4 and 5

143 in. below cold leg centerline
at bottom of heated length

Thermocouple in space defined by
Columns C and D, Rows 4 and 5

Thermocouples in space defined by
Columns D and E, Rows 2 and 3,
6 and 7

defined by
4 and 5

Thermocouple in space
‘Columns E and F, Rows

defined by
4 and 5

Thermocouple in space
Columns G and H, rows

On centerline of ECC line just upstream
of junction with Spool 14

0-2300°F 0-591°F
In feedwater line leading to steam
generator
In steam dome, 129.5 in. from bottom 18
of tube sheet
Secondary side, 12 in. above
of tube sheet

bottom 19

Secondary side,’ 24 in.
of tube sheet

above bottom

Secondary side, 48 in. above bettom

of tube sheec
above

Secondary side, 96 in. bottom

of tube sheet
0-2300°F

0-1017°F 20

~ In surge line, near pressurizer exit, .
between turbine flowmeter and pres-
surizer

0-2300°F 0-591°F

33 in. trom bottedm or rank

130 in. from bottom of tank

Chromel-Alumel thermocouples unless 0-2300°F 0-591°F

specified otherwise

Cold leg, Spool 7, side, 1/16 in.
from pipe ID, 242 in. trom vessel
center (vertical pipe)

Cold leg, Spool 8, side, in pump
Lrae. 1{16 in, from pipe ID, 195
trom vessel center

0-2300°F
‘vold leg, sposL iU, tup, 1716 lu.

from pipe TN, 21 {n. from vessel
center

9 591°F

Hot leg, Spool 30, top, 1/4 in. 0-1017°F
Erom pipe ID, 16 in. from vessel
center

Hot leg, Spool 30, top, 1/16 in. 0-1017°F
from pipe ID, 16 in. from vessel

center
1/8 in. 0-2300°F 0-591°F

from vessel 1D 2

15 in. below cold leg centerline, 0° B

15

[b)

HMeasurement Comments

TFG-10DE-23 failed

Not reported; ECC not used in test.



TABLE V (contd.)

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-4

»
Rangela] - '
(a} Data Acquisition la] ]
Measurement Location and Comments Detector System Figure a Measurement Comments
MATERIAL TEMPERATURE (contd.)
Vessel Filler Type J iron-constantan thermocouples 0-1400°F 0-803°F 25
TMV-FO-35A 35 in. below cold leg centerline, Questionable measurement
0.65 in. from filler ID, 0°
TMV-FI-35M 35 in. below cold leg centerline,
1/16 in. from filler ID, 180°
Vessel Filler Outer surface of insulator, Type J 0-1400°F 0-803°F 26
Insulator iron-constantan thermocouples
TIV-FO-35A 35 in. below cold leg centerline, 0°
Core Barrel Type J iron-constantan thermocouples 0-1400°F 0-803°F 27
TMV-CO-35A 35 in. below cold leg centerline,
1/16 in. from tore barrel LD, U°
TMV-CI-35A 35 1n. below cold lag cenrariine,
1/16 in. from core hariel 1D, 0°
Core Heater Cladding Temperatures 0-2300°F 0-2382°F
High Power Heaters Chromel-Alumel cthermocouples
unless specified otherwise
TH-D4-14 Heater at Column D Row 4. Ther- 28
=29 mocouples 14 in. (270%), 29 in.
-60 . (315°), and 60 in. (105°) above
bottom of core
TH-D5-09 Heater at Column D Row 5. Ther- 29
-29 mocouples 9 in. (45°), 29 in.
-39 (225°), and 39 in. (135°) above
bottom of core ~
I
TH-E4-23 Heater at Column E Row 4. Ther- 30
-27 mocouples 23 in. (90°) and 27 in. .
(0°) above bottom of core
TH-E5-14 Heater at Column E Row 5. Ther- 31 -
-21 mocouples 14 in. (330°), 21 in.
~25 - (180°), and 25 in. (90°) above
bottom of core
Low Power Heaters
TH-A4-09 Heater ac Column A Row 4. Ther- ki
-2y mocouples § in. (105*), 29 In.
=33 (240°), 33 in. (135°), and 39 in.
(3UU%) above bottom of core
THaeila?® HEATaY At Csluma & Now 5: Tlew= 33
mocouple 29 in. (180°) above
bottom of core
TH-B3-32 Heater at Column B Row 3. Ther=- ‘ 34
wocuuple 32 In. (133°) above
bottom of core
TH-B5-29 Heater at Column B Row 5. Ther- B
mocouple 29 in. (150°) above
bottom of core
TH-B6-29 Heater at Column B Row 6. Ther- 36
mocouple 29 in. (45°) above
buriom v cure
TH-C2-28 Heater at Column C Row 2. Ther- 37
mocouple 28 in. (135°) above
bottom of core
TH-C3~13 Heater at Column C Row 3. Ther- 38
28 worouples 13 In. 1241718 /8 1m,
-60 (0°), and 60 ia. (150°) above
bottom of core
TH-C4-26 Heater at Column € Row 4. Ther- 39
mocouple 26 in. (75°) above
bottom of corc
TH-C5-28 Heater at Column C Row 5. Ther- 40 . A
mocouple 28 in. (315°) above
bottom of core
TH-C6-20 Heater at Column C Row 6. Ther- 41 Spurious transient near t=5 sec was
=32 mocouples 20 in. (165°) and 32 in. attentuated for presentation; original
{225°) above bottom of core transient went to ~1300°F .
TH-C7-15 Heater at Column C Row 7. Ther- 42
mocouple 15 in. (255°) above
bottom of core
TH-D2-14 Hleater at Column D Row 2. Ther- 43
mocouple 14 in. (0°) above bottom
of core

16




TABLE V (contd.)

mocouple 28 in. (315°) above ~
bottom of core

17

[
‘.
Range[u]
fal Data Acquisition {al 161
Measurement Location and Comments Detector System Figure Measurement Comments
MATERIAL TEMPERATURE (contd.)
Low Power Heaters (contd.)
! TH-D3-29 Heater at Columm D Row 3. Ther- . 44
mocouple 29 in. (150°) above
bottom of core
TH-D6-15 Heater at Column D Row 6. Ther- - 45 Spurious transient near t=12 sec was
~22 mocouples 15 in. (90°), 22 in. - attenuated for presentation; original
-25 {345°), and 25 in. (255) above transient went to 2440°F
boctom of core
TH-D7-20 Heater at Column D Row 7. Ther- &6
mocouple 20 in. (60°) above
bottom of core
TH-D8-25 Heater at Column D Row 8. Ther- 47
mocouple 25 in. (0°) above bottom
of core
TH-E1-27 - Heater at Column E Row 1. Ther- . 48 -
=33 mocouples 27 in. (195°) and 33 in.
{60°) above bottom of core
TH-E2-33 Heater at Column E Row 2. Ther- 49
mocouple 33 in. (315°) above
bottom of core
TH-E3-05 Heater at Column EJRow 3. Ther- 50
=20 mocouples 5 in. (15°) and 20 in.
(165°) above bottom of core
) TH-E6-08 Heater ot Column E Row 6. Ther- ; 51
-28 mocouples 8 in. (150°), 28 in. -
-31 (285°), 31 in. (225°), and 37 in.
i =37 (330°) above bottom of core
TH-E7-13 Heater at Column E Row 7. Ther- 52
=29 mocouples 13 in. (&5°), 29 in.
44 (120°), 44 in. (195°) and 60 in.
. -60 (270°) above bottom of core
TH-E8-14 Heater at Column E Row 8. Ther- 53
-29 mocouples 14 in. (150°), 29 in.
45 (225°), and 45 in. (300°) above
bottom of core
TH-F2-22 Heater ar Column F Row 2. Ther- 54
-25 mocouples 22 in. (105°) and 25 in.
(0°) above bottom of core
Th-F3-22 Heater at Column F Row 3. Thex- 55
-25 uocouples 22 in. (105°) and 25 {a.
(30°) ubove bottom of core
TH-F4-14 Heater at Column F Row 4. Ther- ’ 56
-28 mocouples 14 in. (90°) and 28 in.
‘ (165°) above bottom of core
TH-F5=-20 Heater at Column F Row 5. Ther- 57
-26 mocouples 20 in. (2557}, b ina.
~33 (165°), 33 in. (315°), and 53 in.
-53 (30°) above bottom of core
TH-F6-08 Heater at Column F Row 6. Ther- 58 Spurious transient at t=35 sec was
-28 mocouples 8 in. (60°), 28 in. attenuated for presentation; original
. -28 (135°), and 28 in. (210°) above transient was to 450°F
bottom of core
TH=F/-29 Heacer ac Culumn F Row 9. Ther- 59
=33 mocouples 29 in. (150°), 33 in.
-39 (45°), and 39 in. (210°) above
bottom of core
TH-G4-33 Heater at Column G Row 4. Ther- 60
mocouple 33 in. (225°) above
boctom of core
TH-G5-14 Heater at Column G Row 5. Ther- 61
-24 mocouples 14 ia. La5"} ana 24 1n.
{330°) above harrem af rore
.
TH-G6-21 Heater at Column G Row 6. Ther- 62 Spurious transient at t=36 sec was
-33 mocouples 21 in. (60°), 33 in. attenuated for presentation; original
-53 (135°), and 53 in. (195°) above transient was to 2440°F
bottom of core
€. TH-H4-28 Heater at Column H Row 4. Ther- 63



TABLE -V (contd.)

* DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-4

Range{al
[a] Data Acquisition {al ib)
Measurement location and Comments Dececkor System Figure Measurement Comments
PRESSURL 0-3000 psi
intace Loop 64
PU-5(F) Hot leg, Spool 5, 100 in. from 0-4676 psia
vessel center
ru-7 Cold leg, Spool 7, 240 in. from 0-4955 psia
vessel center
PU-13(F) Cold leg, Spool 13, 54 in. from 0-4384 psia
vessel center (flush mount)
Broken Loop 0-3000 psi
PB-23 Cold leg, Spool 23, Y2 in. from 0-2300 psia 65
vessel center, upstream of vessel-
side nozzle (tee off NP rap)
PB-CN1 Vessel-side nozzle, nozzle throat, 0-4606 psia 65
96 in. from vessél center, {(tee off
DP tap)
PB-42 Cold leg, Spool 42, 415 in. from N-3276 psia 66
vessel center along hot leg, up-
streaw ol punp=slde novzzle (tee
off DP tap)
PB-1N1 Pump-side nozzle, nozzle throat, N-LR76 peia 66
419 in. from vessel center along
hot leg (tee off PP tap) .
Vessel 0-3000 psi 67
PV-UP+10 In upper plenum, 10 in. above cold 0-3397 psia
leg centerline, mounted on stand-
off, 30°
PV-LP-180 In upper part of lower plenum, 0-2563 psia
180 in. below cold leg cencerline,
mounted on standoff, 225°
ECC System
FECC«UL=ALL L1 LHLate L8op #édudulator Not reported; ECC not used in test
Steam Generator 0-3000 psi
PU-SESD Sccondary side, steam dume 0-1524 psia 68
PU-SCIP inlet plenum, 13 in. below bottom 0-4603 psia 69
nf ruhe chagt (£luch meunt)
Presgurizer Q 1000 oot K
PU-PRIZE Steam dome
Fressute Suppression 0-750 psi 71
System
P-PSS Suppression tank top 0-321 psia
P83 Juppresslun tank header just 0-380 psia
before entrance to suppression
tank
DIFFERENTLAL PRESSURE Elevacion difference between trans-
durer taps is zern unlace ather-
wise specified
Intact Loop
DPU-Ur-1 Upper plenum 10.3 in. above cold leg +100 in. +5.0 psid 72
centerline at 30° to hot leg, Spool water
1, A in. from vessel rearer, upper
plenum tap approximazely 2 in. above
Spool 1 tap
DPU-1-3 Hot leg Spool 1, 62 in. from vessel 20 in. +1.0 psid 73
center to hot leg Spool 3, 62 in. water
from vessel center
DPU- 3 6 llot leg Spovl 3, 62 in. {rum vessel #20 in. #1.U psid 74 Dacta acquisition system saturated from ta0
center to hot leg Spoul 6, 114 in. water to t=3.5 sec. Detector reading may be
from vessel center affected by blowdown of the sense line
DPU-6-7 Hot leg Spool 6, 114 in. from +500 in. +25 psid 75
vessel center, across steam gener- water
ator, to cold leg Spool 7, 231 inm.
from vessel center. Spool 6 tap
is 17 in. above Spool 7 tap
DPU-SGOP-7 From steam generator outlet plenum, +500 in. 425 psid 76
269 in. from vessel center along water

culd leg o cold lep Spool 7, 231 in.
from vessel center, including orifice,
Spool 7 tap is 35 in. below SGOP tap

18



DATA PRESENTATION FOR SEMISCALE MOD~1

TABLE V (contd.)

TEST S-02-4

Measurement

Location and Comments

DIFFERENTIAL PRESSURE (contd.)

Intact Loop {contd.)
DPU-7-10

DPU-12-10

DPU-12-10L

DPU-12-15

DPU-15-1

DPU-15-1ANN

DPU-15-ATM

DPU-PRESLL

Broken Loop
DPB-CN1-CN&

DPB-30+36L

DPB~32U-36L

DPB-38-40

Vesscl

DPV-TANN-UP

DPV-9-180QQ

OPV-22ME

DPV-26-350M
[}

Steam generator outlet to pump inlet,
cold- leg Spool 7, 231 in. from vessel
center to cold leg Spool 10, 141 in.
from vessel center

Pump outlet to pump inlet, cold leg
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

Pump outlet to pump inlet, cold leg
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 (low range)

Across cold leg injection point,
cold leg Spool 12, 75 in. from vessel
center to cold leg Spool 15, 16 in.
from vessel center

Cold leg to hot leg, cold leg Spool

15, 16 in. from vessel center to hot
leg Spool 1, 31 in. from vessel center,
Spool 15 tap is 8.5 in. below Spool

1 tap

Cold leg Spool 15, 16 in. from vessel
center to inlet annulus 9 in. below

cold leg centerline at 225°, Spool 15
tap is 9 in. above inlet annulus tap

Cold leg Spool 15, 16 in. from vessel
center to atmosphere

Pressurizer water level, elevation
difference between taps is 3 in.,
lower tap is approximately 3.5 in.
above pressurizer exit

Vessel-side nozzle, nozzle throat,
96 in. from vessel center to nozzle
divergent section, 101 in. from
vessel center

Across entire simulated steam gen-
eratot 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 1

“in. below Spool 36 tap .

Across simulated steam generator
orifice assembly, hot leg Spool 32
upper tap, 71 in. from vessel center
to Spool 36 lower tap, 242 in. from
vessel center, Spool 32 upper tap is
16 in. above Spool 36 lower tap

Across simulated pump, cold leg
Spool 38, 305 in. from vessel center
along hot leg to cold leg Spool 40,
365 in. from vessel center along hot
leg

Inlet annulus, 9 in. below cold leg
centerline at 225° to upper plenum,
10.5 in. above cold leg centerline
at 30°, elevation difference between
taps is 19 in.

Inlet annulus, 9 in. below cold leg
centerline at 225" to lower pienim,
180 in. bolow cold leg rcanrerline
at 225°, elevation difference be-
tween taps 1s 171 in.

'
Across filler insulator gap 22 in.
below cold leg centerline from 180°
to 120°

Across part of downcomer, 26 in.
(225°) to 55 in. (180°) below
centerline of cold leg, elevation
difference between taps is 29 in.

Rsnge[s]
la) Data Acquisition
Detector System

+50 in. +2.5 psid
water
+50 psid +50 psid
4100 in. +5.0 psid
vater

N
+100 in. +10 psid
water
+500 in. 425 psid
water
+100 in. +5.0 psid
water
+500 psid 4500 psid
+50 1in. +2.5 psid
water
+1000 psid +1000 psid
+500 psid +500 psid
+500 psid +500 psid
+1000 psid +1000 psid
+500 in. +25 psid
water
+300 in. 415 psid
water
+1000 psid +1000 psia
450 in. +2.5 psid
water
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Figure[a]

80

81

82

83

84

85

86

87

88

89

90

91

92

[b]

Measurement Comments

Data acquisition system saturated to
t=6.4 sec

Data acquisition system saturated to
t=17.4 sec

Data invalid after t=11 sec due go
blowdown of sense lines

Long-term data not valid due to blowdown

of sense lines. Measurement taken for
subcooled pressure spike only



TABLE V (contd.)

A
Range!?) .
la] Data Acquisition [a) bl

Measurement Location and Comments Detector System Figure Measurement Comments

DIFFERENTIAL PRESSURE (contd.) :
Vessel (contd.)

DPV-156-173QQ Across downcomer exit, 7 in. above +20 in. +1.0 psid 93
exit to 10 in. below exit, taps water
at 156 in. (225°) and 173 in. (225°)
below cold leg centerline, elevation
difference between taps is 17 in.

DPV-166-191QT Across lower plenum, 166 in. (225°) +50 in. +2.5 psid 94
to 191 in. (270°) below cold leg water
centerline, elevation difference
between taps is 25 in.

DPV-LP-UP Lower plenum, 180 in. below cold 4300 in. +15 psid 95
leg centerline at 225° to upper water .
plenum 10.5 in. above cold leg
contorline at 30°, clevation dif-
ference between taps is 191 in.

DPU-UP-1 Upper plenim, 10.5 in. above cold +100 in. 15,0 vsid 17
leg centerline at 30" to intack varpr
loop hot leg Spocl 1, 31 iu. frum
vessel center, upper plenum tap io
approximately 2 in. above Spool 1
cap

DPU-15-LANN Cold leg Spool 15, 16 in. from +100 in. 45.0 psid 82
vessel canter ra inlec annulus water .

9 in. below cold leg centerline at

225°, Spocl 15 tap is 9 in. above

inlet annulus tap

Stesn Generator
DPS~SGFEED In-steam gencrator feed line #100 in. 45.0 psid 9
water 143
DPS-SGDISC In stedm generator discharge line 4100 1in. +5.0 psid 97
! water .

DPU-SGOP-7 From steam generator outlet plemm, +500 in., +25 poid 70 -
269 in. from vessel center along water N
cold leg to cold leg Spool 7, 23l in.
from vessel center, including orifice,

Spool 7 tap is 35 in. below SGOP tap

DPU-SG-SEC Secondary side, differential pressure +100 1in. +5.0 psid 98 Offrer changed from that of previous cests
taps at 45 and 126 in. above bottom of water to maintain positive reading under normal
ruhe sheot | elevation difforonece conditions
between taps 1s 81 in.

Pressurizer

DPU-PRESLL Pressurizer watér level, elevation +50 in. +2.5 psid 84 Data after tell sec is invalid due to
difference between taps 1s 34 in., water blowdown of the condensation chamber and
lower tap is approximately 3.5 in, sense liues
above pressurizer exit

VOLUMETRIC FLOW RATE Turbine flowmeter, bidirectional
Latact Loop 3-in. Schedule 160 pipe

FTU-1 Hot leg, Spocl 1, 18 in. from +20-+400 gpm  +800 gpm 99
vessel center )

FTU-9 Cold leg, Spool 9, 154 in. from +#20-+400 gpm  +800 gpm 99
veooel et

FTU-13 Cold leg, Spool 13, 64 in. from £20-+400 gpm  +800 gpm 100
vessel center

Ftu-15 told leg, Spool 15, 29 in. from +10—+200 gpm  +300 gpm 100 !
vessel center

BEdken Loop All measurements bidirectional,
Schedule 160 pipe N

FTB-21 Cold leg, $pool 21, 58 in. +20-+400 gpm  +1500 gpm 101
from vessel center, 3-in. pipe

FTB-30 Hot leg, Spool 30, 25 in. from +20-+400 gpm  +700 gpm 101 Part of imitial cpike at t=0 may be due
vessel center, 3-in. pipe to AC intserforence . Ky

Core
FTV-CORE-IN Entrance to core, approximately 158 +20~+400 gpm 4400 gpm 102
in. below cold leg centerline
«
ECC System
FTU-ACC In line immediately after intact loop Not reported; ECC not used in test

accumulator, 1-in., line

20



TABLE V (contd.)

DATA PRESENTATION FOR SEMISCALE MOD-1 TEST S-02-4

Measurement

Location and Camments[a]

VOLUMETRIC FLOW RATE (contd.}

Pressurizer
FTY-PRIZE

FLULD VELOCITY

Downcomer Gap
FTV-40A

FTV-40M
FTV-83M

MOMENTUM FLUX

Intact Loop
FDU-1

FDU-5
FDU-10

FDU-13

e

FDU-15

Broken Loop
FDB~21

-

FDB-23

FDB-30

FDB-42

Vessel

FDV-CORE-IN

DENSITY

Inract loop
GU-1VR
GU-1HZ
GU-5YR
s GU-10VR
GU-13VR
& . GU-15HZ

GU-15VR

1-1/2~in. turbine
Surge line

Turbine flowmeter, bidirectional

40 {n. below cold leg centerline, 0°
40 in. below cold leg centerline, 180°
83 in. below cold leg centerline, 180°

Brag-disc bidirectional. Computer
conversion of voltage output to
momentunm flux is unidirectional and
therefore shows magnitude only

3-in. pipe

Hot leg, Spool 1, 29 {n. from
vessel center, target size 1.0 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
vessel center, target size 0.875 in.

Cold leg, Spool 21, 53 in. from
vessel center, 3-in. pipe, target
size 0.406 in.

Cold leg, Spool 23, 93 in. from

vessel center, upstream of vessel-

side nozzle, downstream of injection
point, 2-in. pipe, target size 0.406 in.

Hot leg, Spool 30, 21 in. from
vesgel center, 3~in. pipe, target

size 0.656 in.

Hot leg, Spool 42, 416 in. from

vessel center along cold leg, upstream
of pump-side nozzle, downstream of
injection point, 2-in. pipe,’

cargot size 0.406 in,

In core flow mixer box, 150 in.
below cold leg centerline, target
size 1.0 x 2.0 in.

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

Hot leg, Spool 1, 36 in. from
vessel 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, "horizontal

Cold leg, Spool 15, 23 in. from
vessel center, vertical

Range

Detector

+5-+100 gpm

+2.5-+50
fr/sec

42,5450
ft/sec

*2.5-+50
fr/sec

+1-+2000
Ton/ft-sec?

+1-+2000
Tbu/ fe-sec?

+200-+104,000

© lbm/fresec

+200-+14,800
Tbm/ ft-sec?

+200-+14,500
Tbn/ft-sec?

+200-+70,500
Tom/ ft-sec?

+200-+125,000
1bm/Et-sec

+200-+60,000
Tbm/ft-sec?

+200-+116,000
Tom/£t-sec?

+200-+5000
Tbm/ft-sec?

0.1-100 lbm/
fed

21

Data Acquisition
System

+100 gpm

+70 ft/sec
+50 ftr/sec

+40 fr/sec

+3250 lbm/fe-
sec

+4250 1bm/fr-
sec?

+21

000 lbm/ €~
sec?

+18

750 1bm/fr-
sec?

+18

776 lbm/ft-
secf

+87

940 Lbm/te-
seCé .

+125,320 1bam/fe-
sec

+44,250 1bm/fe-
sec?

+131,340 1bm/fe-
secz

+4750 1bn/fc-
sec?

0-100 ibn/ft>

Figure

103

104

105

110

113

114

115

115

116

117

117

(a) [b]

Measurement Comments

Turbine failed

Measurement is unidirectional due to the
fatlure of one pickup probe

Data processing introduced large spikes
which greatly exceeded scale shown



TABLE V (contd.)

. . -
= -
Range[al
fa) Data Acquisition lal b1
Measurement Location _and Comments Detector System Figure n' Heasurement Comments
DENSITY (contd.)
Broken Loop 0.1-100 1bm/ 0-100 ibm/fc3
fe3
GB-21VR Cold leg, Spool 21, 49 in. from 118
vessel center, vertical
GR-~23VR Cold leg, Spool 23, 92 in. from 118
vegsel center, vertical
GR=-3VR Har log, Speel 30, 18 in. from 11y
vessel center, vertical -
GB-42VR Cold leg, Spool 42, 415 in. from . 119
vessel center along hot leg, vertical
Vessel 0.1-100 lbm/  0-100 lbm/fc3
£e3
GV~COR~150HZ Gorc flow mixer box. 152 in. helow 120
rnld leg rentariina, hnriannral,
0-180°
GV-161/192D Lower plenum 161 in. below cold 120
leg centerline (270°) to 192 in.
below cold leg centerline (90°),
31 in. vertical 32.2 in. diagonal
GVLP-165HZ Upper part of lower plenum, 165 in. 121
below cold leg centerline, 1.724
in. below downcomer exit, horizontal,
0-180°
GVLP-172HZ Lower plenum, 172 in. -below cold leg 121
centerline, 8.729 in. below downcomer a
exit, horizontal, 90-270° [
Pressurizer 10,1-100.1bm/ . 0-100 1bm/fe’, 122
fr
<
GU-PRTZE Surge line -
LIQUID LEVEL
Steam Generator
DPU-SG-SEC Secondary side, differential +100 in. +5.0 psid 98
pressure taps at 45 and 126 in water
above tube sheut, elevatlun dif-
ference between taps is 8l in. -
Pressurizer
DPU-PRESLL Pressurizer water level, elevation +50 in. *2.5 psid 84
difference between taps is 34 in., water
Inwer rap fs appreximataly 3.5 in.
above pressurizer exit
MASS FLOW RATE Mass flow rate obtained by combining Range for mass flow is
density (gamma actenuation technique) determined from range of
with volumetric flow rate {rurhfne individual detectorc ucod
flowmeter) or momentum ‘flux (drag in calculation
disc)
Intact loop
FLU=1 GU=1lvn 123
FTU-1 GU-1VR Hot leg, Spool 1 124
FDU-5 GU-5VR Hot leg, Spool 5 125
FTU-9 GU-10VR Cold leg, Spool 9 126
roU 10 QU 10VR Cvid lee, dman 127
FDU-13 GU-13VR 128
FTU-13 GU-13VR Cold leg, Spool 13 129
FDU-15 GU-15VR 130
FTU-15 CU-15VR Cold leg, Spool 13 13
FIU-PRIZE Pressurizer surge line FTU-PRIZE failed .
GU-PRIZE 8
Broken Loop
FDB-21 GB-21VR 132 Discrepancies in mass flow measurements
FTB-21 GB-21VR ‘Cold leg, Spool 21 133 from FDB-21 and FTB-21 may be due to 4
changes in.the calibration factors due
to the combined effects of two phase flow
and complex geometries not accounted for
in present calibration techniques
FDB-23 GB-23VR Cold leg, Spool 23 134
FDB-30 GB-30VR 135
FTB-30 GB-30VR Hot leg, Spool 30 136
FDB-42 GB-42VR Cold leg, Spool 42 137

22



TABLE V (contd.)

»
N ,
Range[n]
lal Data Acquisition {a] bl
Measurement location and Comments Detector System Figure Measurement ('.omments[
MASS FLOW RATE (contd.) N
Vegsel
FIV-CORE-IN .
GV-COR-150HZ Entrance to core 138 .
FDV-CORE-IN
GV~COR-150H2 Entrance to core 139
CORE CHARACTERISTICS
PWRCOR T-1 Core power 1600 kW 140
PWRCOR T-2 Core power 1600 kW 140
VOLTCORE-T Core voltage 200 v 141
. AMPCORE-T Core current 10,000 A 142 .
F5 AMPS Total current heater pin F5 143
PUMP CHARACTERLSTICS
PUMPU-TORQ Pump torque 0-500 in.-1b  0-500 in.-1b 144
PUMPU-POW Pump motor power 25 kW 145
PUMPU-RPM Pump speed ° . 0-3600 rpm 0-3600 rpm 146
[a] Statements at the beginning of a measurement category regarding location and comments, range, and figure apply to all subsequent measurements within the
given category unless specified otherwise.
[b] Detectors which were subjected to overrange conditions during portions of the test were capable of withstanding [hese conditions without chunge in oper-
) ating or measuring characteristics when the physical conditions were again within the detector range.
[}
»
.
¥

23



(DEG F)

FLUID TEMPERATURE

(DEG F)

FLUID TEMPERATURE

6%0.
RBU=2 X
TFU-~5 A
TFJ=10 )
RBU=14A o
600.
N
A
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-
500. —1 L at e
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r.
f
“00.
- L1
350.
300. 1
-10. -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45,
TIME AFTER RUPTURE (SEC)
_Fig. 7 Fluid temperature in intact loop.
600.
TFB=20 X
TF2-23 s
s50. -
N
500.
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441111 ]
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400.
350. &
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Fig. 8 Fluid temperature in broken loop (vessel ‘side).
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FLUID TEMPERATURE (DEG F)

(DEG F)

FLUID TEMPERATURE
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TIME AFTER RUPTURE (SEC)
Fig. 9 Fluid temperature in broken loop (pump side).
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Fig. 10 Fluid temperalure in downcomer annulue (upper).
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Fig. 12 Fluid temperature in upper plenum.
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Fig. 14 Fluid temperature in core (Grid Spacer 5).
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Fig. 16 Fluid temperature in core (Grid Spacer 8).
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Fig. 26 Material temperature in vessel filler insulator.
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Fig. 28 Core heater temperature, Rod D-4.
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Fig. 30 Core heater temperature, Rod E-4.
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Fig. 32 Core heater temperature, Rod A-4.
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Fig. 33 Core heater temperature, Rod A-5.
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Fig. 34 Core heater temperature, Rod B-3.
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Fig. 36 Core heater temperature, Rod B-6.
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Fig. 37 Core heater temperature, Rod C-2.
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Fig. 38 Core heater temperature, Rod C-3.
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Fig. 39 Core heater temperature, Rod C-%.
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Fig. 40 Core heater temperature, Rod C-5.
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Fig. 41 Core heater temperature, Rod C-6.
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Fig. 42 Core heater temperature, Rod C-7.
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Fig. 43 Core heater temperature, Rod D-2.
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Fig. 44 Core heater temperature, Rod D-3.
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Fig. 45 Core heater temperature, Rod D-6.
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Fig. 46 Core heater temperature, Rod D-8.
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Fig. 47 Core heater temperature, Rod D-8.
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Fig. 49 Core heater temperature, Rod E-2.
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Fig. 50 Core heater temperature, Rod E-3.
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Fig. 51 Core heater temperature, Rod E-6.
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Fig. 52 Core heater temperature, Rod E-7.
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Fig. 53 Core heater temperature, Rod E-8.
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Fig. 54 Core heater temperature, Rod F-2.
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Fig. 55 Core heater temperature, Rod F-3,
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Fig. 56 Core heater temperature, Rod F-4.
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Fig. 57 Core heater temperature, Rod F-5.
1500.
‘.—D'
4 121
1250. % pE=T
/X
v
/ A/
V
1000.
/
y
750.
* N
THes F6=08
THwmF6=281 5
TH=F6=28P o
500.
-10.0 -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 us,

TIME AFTER RUPTURE (SEC)

Fig. 58 Core heater temperature, Rod F-6.
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Fig. 59 Core heater temperature, Rod F-7.
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Fig. 60 Core heater temperature, Rod G-4.
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Fig. 72 Differential pressure in intact loop (upper plenum to Spool 1).
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Fig. 104 Momentum flux in intact loop (Spool 1).
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Fig. 105 Momentum flux in intact loop (Spool 5).
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Fig. 106 Momentum flux in intact loop (Spool 10).
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Fig. 108 Momentum flux in intact loop (Spool 15).
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Fig. 109 Momentum flux in intact loop (Spool 21).
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Fig. 110 Momentum flux in intact loop (Spool 23).
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Fig. 111 Momentum flux in intact loop (Spool 30).
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Fig. 112 Momentum flux in intact loop (Spool 42).
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Fig. 114 Density in intact loop (GU-1VR, GU-1HZ).
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Fig. 115 Density in intact loop (GU-5VR, GU-10VR).
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Fig. 116 Density in intact loop (GU=13VR) .
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Fig. 117 Density in intact loop (GU-15HZ, GU-15VR).
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Fig. 118 Density in bhroken loap (GR-21VR, GB-23VR),
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Fig. 119 Density in broken loop (GB-42VR).
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Fig. 120 Density in vessel (GV-COR-150HZ, GV-161/192).
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Fig. 121 Density in vessel (GVLP-165HZ, GVLP-172HZ).
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Fig. 122 Density in pressurizer.
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Fig. 123 Mass flow in intact loop (FDU-1 and GU-1VR).
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Fig. 124 Mass flow in intact loop (FTU-1 and GU-1VR).
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Fig. 127 Mass flow in intact loop (FDU-10 and GU-10VR).
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Fig. 128 Mass flow in intact loop (FDU-13 and GU-13VR).
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Fig. 129 Mass flow in intact loop (FTU-13 and GU-13VR).
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Fig. 130 Mass flow in intact loop (FDU-15 and GU-15VR).
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Fig. 131 Mass flow in intact loop (FTU-15 and GU-15VR).
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Fig.. 132 Mass flow in broken loop (FDB-21 and GB-~21VR).

86



MASS FLOW (LB/SEC)

MASS FLOW (LB/SEC)

50.

i - FTB=2 GB=> VR

X

.40.

30.

20.

-30.
-10.0

-5.0 6.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
TIME AFTER RUPTURE (SEC) ’

.Fig. 133 Mass flow in broken loop (FTB-21 and' GB-21VR).
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Fig. 134 Mass flow in Broken loop (FDB-23 and GB-23VR).
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Fig. 135 Mass flow-in broken loop (FDB-30 and GB-30VR).
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Fig. 136 Mass flow in broken loop (FTB-30 and GB-30VR).
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Fig. 137 Mass flow in broken loop (FDB-42 and GB-42VR).
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Fig. 138 Mass flow in vessel (FIV-CORE-IN and GV-COR-150HZ).
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Fig. 140 Core heater pin total power.
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Fig. 142 Core heater total current.
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Fig. 143 Core heater current (Rod F-5).
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Fig. 144 Primary pump torque.
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Fig. 145 Primary pump power.
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Fig. 146 Primary pump speed.
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