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ABSTRACT

Test data from the Semiscale Mod-3 system at to determine the sensitivity of the Mod-3 system
Idaho National Engineering Laboratories are behavior when the core power is augmented to
presented for Tests S-SB-2 and S-SB-2A. These offset system heat losses, and to assess the
tests are two of the Semiscale Mod-3 Small Break analytical capability of the computer codes to

,

Test Series, which is conducted to investigate the model the effects of the atypical heat losses in the
thermal-hydraulic phenomena resulting from a Semiscale Mod-3 system. Tests S-SB-2 and

- small break loss-of-coolant accident (LOCA) in a _ S-SB-2A were conducted with approximate initial
pressurized water reactor (PWR) system, and to conditions of 15.5 MPa pressurizer ~ pressure;
provide experimental data for ' assessing the 550 K cold leg temperature; and 2.1 MW core
analytical capability'of computer codes used in power level. The purpose of this report is to make

'

LOCA analysis..The primary objective of Test available and provide comparison of uninter-
S-SB-2 is to provide data for a small break LOCA preted data from Tests S-SB-2 and S-SB-2A for
in which the break flow rate is greater than the future data analysis. The data, presented in the
high pressure safety injection rate. Test S-SB-2A, foim of ' graphs in engineeri. g units, have been
a comparative test of Test S-SB-2, was conducted analyzed for reasonableness and consistency.
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SUMMARY
.

Tests S-SB-2 and S-SB-2A were performed as loop with steam generator, pump, and rupture
part of the Semiscale Mod-3 portion of the assembly; and a pressure suppression system with
Semiscale Program conducted by EG&G Idaho, header, suppression tank, and steam supply
Inc., for the United States Government. These system. High pressure coolant' injection pumps,
tests were part of the Mod-3 Small Break Test for high and low pressure injection systems and
Series performed to investigate the t,hermal- coolant injection accumulators were provided for
hydraulic phenomena resulting from a small break the intact loop and broken loop.
loss-of-coolant accident (LOCA) in a pressurized
water reactor (PWR) system, and to provide The specified initial conditions for Tests S-SB-2
experimental data for assessing the analytical and S-SB-2A were a system pressure of l5.5 MPa,
capability of computer codes used' in LOCA a core inlet temperature of 550 K with a core dif-
analysis. The primary objective of Test S-SB-2 is ferential temperature of 33 K, and a core power of
to provide data for a small break LOCA in which 2.1 MW. The simulated (2.5%) small break was
the break flow rate is greater than the high located on the centerline of the broken loop cold
pressure safety injection rate. The primary objec- leg and v as volume scaled to represent an Il-cm
tive of Test S-SB-2A is to determine the sensitivity break ir a PWR. After initiation of blowdown,
of the Mod-3 system behavior when the core power to the electrically heated core was reduced
power is augmented tc offset system heat losses, to simulate the predicted heat flux response of
and to assess the analytical capability of the com- nuclear fuel rods during a LOCA.
puter codes to model the effects of the atypical
heat losses in the Semiscale Mod-3 system. Tests S-SB-2 and S-SB-2A were generally con-

ducted as specified. Conditions which did not
The Mod-3 system was equipped with a pressure conform to the specified test conditions were con-

vessel which contained an electrically heated core sidered acceptable for the test objectives. Of 224
and other simulated reactor internals and an measurements taken for Test S-SB-2, 213 pro-
external downcomer assembly; an intact loop with duced usable data. Of 264 measurements taken for'

steam generator, pump, and pressurizer; a broken Test S-SB-2A,250 produced usable data.
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EXPERIMENT DATA REPORT FOR SEMISCALE
MOD-3 SMALL BREAK TEST SERIES

(TESTS S-SB-2 AND S-SB-2A)
a

1. INTRODUCTION
.

The Semiscale hiod-3 experiments represent the Test S-SB-2A was conducted January 11,1980,*

current phase of the Semiscale Program con- in the Semiscale N1od-3 System as an additional
ducted by EG&G Idaho, Inc., for the United test to the Small Break Test Series (Small Break
States Government. The program, which is spon- Test S-SB-2A). Test S-SB-2A was designed
sored by the Nuclear Regulatory Commission primarily to determine the sensitivity of N1od-3
(NRC) through the Department of Energy,is part system behavior w hen the core power is
of the overall NRC program designed to augmented to offset system heat losses, and to
investigate the response of a pressurized water assess the analytical capability of the computer
reactor (PWR) system to a hypothesized loss-of- codes which model the effects of the Semiscale
coolan: accident (LOCA). The underlying objec- h1od-3 System's atypical heat losses. These losses
st ves of the Semiscale Program are to quantify the are caused by the structural surface area to fluidi
physical processes controlling system behavior volume ratios being larger than volume scaling
during a LOCA, and to provide an experimental laws required.
data base for assessing reactor safety evaluation
models. The Semiscale hiod-3 Program has the
further objective of providing support to otaer

The purpose of this report is to present the testexperimental programs in the form of instre m-
data in an umnterpreted but readily usable formtation assessment, optimization of test ser i,
f r use by the nuclear community m advance ofselection of test parameters, and evaluation of test
detailed analysis and interpretation. Section 11

results.
briefly describes the system configuration, pro-

Test S-SB-2 was conducted December 5,1979, cedures, and initial test conditions and events that
in the Semiscale hiod-3 System as part of the are applicable to Tests S-SB-2 and S-SB-2A; Sec-
Small Break Test Series (Test Series SB). This tion 111 consists of data graphs and provides com-
series was designed to investigate the thermal- ments and supporting information necessary for
hydraulic phenomena resulting from a small- interpretation of the data. A description of the
break LOCA in a PWR system, and to provide overall Semiscale Program and test series and a
experimental data with which to assess the' more detailed description of the Semiscale hiod-3
analytical capability of computer codes to predict system are given in References I and 2. Additional
PWR system behavior during a small-break information describing the data acquisition system
LOCA. Test S-SB-2 was designed primarily to capabilities, posttest adjustments made to the
provide data for a small break LOCA in which the data, and the methodology used to establish
break flow rate is greater than the high pressure uncertainty limits for the data are given in three
safety injection rate. appendixes.

.
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ii. SYSTEM, PROCEDURES, CONDITIONS, AND EVENTS
FOR TESTS S-SB-2 AND S-SB-2A ,

The following system configuration, pro- filled with treated demineralized water, drained to
cedures, initial test conditions and events are specified levels, and pressurized to 4.22 h1Pa with
specific to Tests S-SB-2 and S-SB-2A as indicated. nitrogen. The pressure suppression system was ,

pressurized to 0.65 MPa with saturated steam
from the steam supply system. After the core1. System Configuration and
power was increased to 2.1 MW, initial test condi-

Test Procedures tions were held for approximately 600 s to
establish system equilibrium. At the end of this gThe Semiscale Mod-3 system used for these tests
pen d, all auxiliary systems were isolated to

consisted of a pressure vessel with simulated reac-
prevent blowdown through those systems.tor internals, including a 25-rod core with 22 elec.

trically heated rods and an external downcomer A successful simulated small cold leg break,
assembly; an intact loop with pressurizer, steam through a rupture assembly and blowdown nozzle ;'

2generator, and pump; and a broken loop with a having a total break area of 0.0613 cm , was
steam generator, pump, and rupture assembly. It accomplished. Pressure to operate the rupture
also had emergency core coolant (ECC) from a assembly and initiate blowdown was taken from
high pressure coolant injection pump and a an accumulator system filled with water and
coolant injection accumulator for each loop and a pressurized with gaseous nitrogen to '5.6 MPa.
pressure suppression system with header, suppres- Immediately (within 0.02 s) after initiation of
sion tank, and steam supply system. Reference 1 pressure to operate the rupture assembly, the lines
further describes the Semiscale Mod-3 systemeThe to the accumulator were again isolated. During
system configuration for these tests is shown in blowdown the effluent was ejected from' the
Figures 1 and 2. The communicative break primary system to the pressure suppression system
simulator configuration with break nozzle near which was vented to maintain a predetermined
the loop piping is detailed further in Reference 2. pressure curve.

Twenty-two rods of the 25-rod core were When the pressurizer pressure had reached
operated at a rod peak axial power density of 12.48 MPa, the steam valve for each loop steam

40.45 kW/m for a total core power of 2.1 MW. generator was closed. At 3.4 s after the pressurizer

Two rods were unpowered and another rod was pressure had reached 12.48 MPa, the intact and

replaced by a liquid level probe. broken loop pump speeds were reduced to sim-
t!! ate the pump coastdown of a PWR primary

In preparation for the tests, the system was lant pump; the power to the electrically heated*.

filled with treated demineralized water and vemed core was automatically controlled to simulate the
.

at strategic points to ensure a l.iquid-full system. thermal response of nuclear fuel rods for Test
The system was pressurized to 15.60 MPa and was S-SB-2 and to simulate the thermal response of
checked f or leakage. Treated demmeralized water nuclear fuel rods and to offset the Mod-3 System
in the steam generator feedwater tank was heated heat losses for Test S-SB-2A. Foi Test S-SB-2A,
to 497 k. and the required hquid levels were at the mdication of core uncovering, the addi-
established in the steam generator secondary sides. tional power for the system heat losses was
System instrumentation checkout was performed. removed and the test continued on a power decay
Heatup to imtial test conditions was accomplished curve similar to Test S-SB-2. At 8.8 s (8.1 s for
with the heaters in the core. During heatup, the Test S-SB-2A) after the pressurizer pressure had
purification and sampling systems were valved reached 12.48 MPa, the feedwater valve for the

,
,

mto the primary sptem to maintam water chem- broken loop stea n generator was closed. At 28.4 s
astry requirements and to provide a water sample (28.0 s for Test S-SB-2A) after the pressurizer
at system conditions for subsequent analysis. At reached 12.48 MPa, the high pressure injection
50-K temperature intervals from 300 K to 550 K, pumps were activated to begin emergency core
detector readings were sampled to check the crolant at a rate varying according to the system *

mtegrity of the measurement instrumentation and pressure. At 63.4 s after the pressurizer reached
the performance of the data acquisition system. 12.48 MPa, the broken loop pump was tripped

Prior to the establishment of the initial core and allowed to coast down natually, and the aux-

power level, the accumulator for the intact loop iliary feedwater was started into the steam
and the accumulator for the broken loop were generator secondary sides at rates of 0.030 L/s

.
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into the intact loop generator and of 0.010 L/s The following deviations from specified test
into the broken loop generator. At 752.8 s conditions occurred, but were considered
(123.3 s for Test S-SB-2A) after the pressurizer acceptable:
pressure had reached 12.48 MPa, the intact loop
pump was tripped and allowed to coast down

I. In .both tests, the pressure in the
.

naturally. When the system pressure reached
4.22 MPa the accumulators began to discharge accumulators was readjusted to 4.22 MPa*

water into the broken and intact loops. After the P'.I ' .t reach, g the system pressure whenm

preset water volumes were injected, nitrogen was injection was to start

injected until the test was terminated. When the
;ystem stabillied (i.e., pressure stopped declining) 2. In both tests, the water volume from the-

at a pressure greater than 0.91 MPa, the steam broken loop accumulator was 8.4 liters
generator steam valves were opened to enhance which was less than the specified volume of
system depressurization. When system pressure il 7 liters
reached 0.91 MPa, the high pressure injection
pump rates were increased substantially to
simulate the sum of the low pressure injection 3. In Test S-SB-2, the intact loop pump
system and the high pressure system ECC flows. continued to run 629 s more than was
The tests were terminated after the system specified

pressure was below 0.91 MPa which was the
initiation pressure for the low pressure injection 4. In Test S-SB-2A the pressure in the
system. pressure suppression system was not con-

2. Initial Test Conditions and tr tied as pecified because sufficient steam
flow could not be obtained from the steamSequence of Events suppiy system.

Initial conditions in the Semiscale Mod-3
System just before blowdown are given in Tables 1 The sequence of events relative to rupture is
and 2. given in Table 3.

.
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TABLE 1. CONDITIONS AT BLOWDOWN INITIATION

Measured" Specified
.

Test Test Tests S-SB-2
S-SB-2 S-SB-2A and S-SB-2A

Core power (HW) 2.11 2.11 2.10 + 0.05
,

System pressure (MPa) 15.69 15.56 15.51 + 0.04

Intact loop cold leg fluid . 551.0 550.0 550 + 1
temperature (K)

Broken loop cold leg fluid 551.0 550.0 550 + 1
temperature (K)

Intact loop hot leg to cold leg 34.0 37.0 33 + 1
temperature differential (K)

Broken loop hot leg to cold leg 34.0 34.0 33. + 1
temperature differential (K)

Intact loop cold leg flow (L/s) 11.27 11.33 b

Broken loop cold leg flow (L/s) 3.68 3.71 b

Steam generator feedwater 487.0 488.0 495. + 6
temperaturec (g) -

Intact loop steam generator liquid 329 315 295 + 5
level (cm) (above top of tube sheet) -

Broken loop steam generator liquid 949 1005 998 + 5
level (cm) (above top of tube sheet) ~

Pressure suppression tank pressure (MPa) 0.65 0 22 0.65

Pressure suppression tank water level empty empty empty
(cm)

Measured initial conditions are taken from digital acquisition systema. -

read just prior to blowdown initiation.

b. Flow is not specified since it must be adjusted to achieve the required
differential temperature across the core.

,

One source of feedwater was used for both intact and broken loops.c.

6
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TABLE 2. PRIMARY COOLANT TEMPERATURE DISTRIBUTION PRIOR TO RUPTUREa

Temperature
(K)

,

Detector Test S-SB-2 Test S-SB-2A

Intact loop hot leg (near vessel) RFI-2 585 586
. -

Intact loop pump suction RFI-7 546 546

Intact loop cold leg (near RFI-17 551 550
downcomer)

Broken loop hot leg (near vessel) RFB-20 585 585

Broken loop pump suction TFB-SG0L 553 553

Broken . loop cold leg (near RFB-45 551 550
downcomer)

Downcomer (near top) TFD-83 or 551 551
TFD-170

Downcomer (middle) TFD-269 552 552

Downcomer (near bottom) TFD-347 551 551

' Core (top of heated length) TFG-10DE-12 599 599
,

Core (middle of heated length) TFG-5AB-45 568 568

Core (bottom of heated length) TFG-1AB-12 552 553

a. Average of data taken from 5 s to 0.5 s prior to blowdown initiation.

. .
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TABLE 3. SEQUENCE OF EVENTS DURING TESTS S-SB-2 AND S-SB-2A

Time Relative to Rupture
(s)

__

.

Test Test
Event S-SB-2 S-SB-2A

core power level established -257 -239
,

Makeup pump and pressurizer heaters off -2.5 -2.5

Pressurizer pressure equal to 12.48 MPa 17.2 16.9

Steam valves on steam generators close 18.0 17.0

Core power decay starts 20.6 20.3

Intact and broken loop pump coastdowns start 20.6 20.3

Feedwater valves on steam generators close (BL) 26.0 25.0

Feedwater valves on steam generators close (IL) -- 28.0

llPIS injection starts 45.6 45.0

Broken loop pump tripped o f f 80.6 80.5

Auxiliary feedwater started 80.6 78.0

Intact loop pump tripped off 770.0 140.2

Core uncovery and start. core power ramp 502.0--

ECC accumulator intact loop cold leg flow started 647.7 724.2

ECC accumulator broken loop cold Icg flow started 033.4 759.9

Auxiliary feedwater shut off 4533.9 1830.0

Core power terminated 4533.9 6395.6

DAS off 4686.9 4962.6,.

.

$
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.111. DATA PRESENTATION

iThe data from Semiscale Mod 3 Tests S-SB-2 The data are presented in some instances in the <

dand S-SB-2A are presented with brief comment. form of composite graphs to facilitate compuison
- Processing analysis has been performed only to of the values of given variables. The scales selected

" - the extent necessary to obtain appropriate for the graphs do not reflect the obtainable resolu-,

- engineering units and to ensure that data are tion of the data. (The data processing techniques'

are described further in Reference I andreasonable and consistent. In all cases, in con-
. Appendix A.)<

verting transducer output to engineering units a
,

; homogeneous fluid was assumed. Further inter- Figures 3 through 10 provide supporting infor-,

pretation and analysis should consider that sudden mation for interpretation of the data graphs.
decompression processes such as those occurring Table 4 groups the measurements according to,

during blowdown may have subjected the type; identifies the location and range of the detec-;

measurement device to nonhomogeneous fluid tor and actual recording range of the data acquisi-
I conditions. tion system; provides brief comments regarding ;

the data; and references the detector and com-
The performance of. the system during Tests ments to the corresponding figure. Figures 11

I . S-SB-2 and S-SB-2A was monitored by detectors. through 39g (data graphs) present 'all the
' - The data obtained were recorded on a digital data blowdown data obtained. Time zero on the graphs

the time of rupture mitiat,on. Appendix A pro-
,

i' acquisition system.- The long term data (-0 to ''. des inf rmation explaining the data acquisit,onvi
,

i
i 4500 s) for Tests S-SB-2 and S-SB-2A presented in system capabilities. Appendix B expla, s posttest. . m

this report were recorded at an effective sample data adjustments. Appendix C presents an
rate of 0.20 and 0.19 points per second, respec- analysis of selected data which provide a guide to
tively. Short term data (-20 to 256 s) were recorded the uncertainty associated with data,

at a sample rate of 3.33 points per second. measurements in the Semiscale Mod-3 system.

,

i

.

t

.

k

j.
2

9 O

i

j

I

i

I

:
,

,

T

9
I

,

i, f.
'

r 4 . . . . . , . , . . . ,--- , ,L . ,-.-.~. . __, --,,,..,,..mm



|

r

1

' |

TFB-SGIL TMB-SGT429
TFB SGOL PB-SD ,

TFB-SS32 DB SG3-SGO -

TFB SS85 DB-SG1 SG2 TF1SD

TFB-SS429 DB SG2-SG3 TFI-SS30-

TFiSS61TFB-SS734 DB-SGi-SG1 \ TFl-SS122TFB-SS949 DB SGI SG3
TFB SD1143 DB-SL Ta0 \ TF1SS244 ,

TMI-SGT30TFB SGD762 DB-SGO 27A
TMi-SGT122TMB-SGT31 DB-SG LL

TMB SGT245 DB-SG OUT TMI SGT244
Pl SD
DI-SGi SGO

Broken loop Dl-SGO 7
steam generator * 01.SG-LL

RFl-17 Dl 17A-DI A
TFl17 F1-17 n
TMI 17T GI17T TFl PRIZE
PI17AL. Gl17B PI-PRIZE, intact loop % DI PR-LL

steam generator \ DIPR4TFB 20 DB-208 21 i
'

tdt 3
FI PRIZERFB-20 FB 20 Vessel + Pressurizer GI-PRIZEsTMB 20B N B-20

DB 13V 20B GB-20-VR [- ] SI-PUMP /
Gl 16VR DI 1315

intact GI13TTFB40 TFI1 p\ y
p GI138TMB40T TMI 1T toop p[PB 40 4Dl 13V 1 A pump

B B45A DI A6 .
- h- f ih R -6

GI1B M.B 0VR ,- 3
o " RFi7

DB-2127A 5 't - DI 15-17A - @ Dl 713
D17 9

T.%
s aDB-21 SGI

'' 3 @ GI5VR
s

(d ) Break c TMI 11T

g} Broken
,, j

O bq g. assemblyPressure c

. gsuppression
j, y D19-13tank -*- oop pump

O
SB-PUMP '
WB-PUMP

, @ TFB31

[ ' Pressure PB-41 Lj .. ..

PB-PSS r suppression NB41,

DB-27A48 k header GB41M-

GB41BDB-2S40B | RFB45
TFB-45TFB 37B TMB45TTMB-37T *

@ PB45ADB-37A 29
DB45A DI AF8-37 .

'
,

,

FB45GB-37 m NB45
DB g GB 45W

Numbers refer to
piping spool pieces Downcomer

assemW "

Tests S-SB 2 and S SB 2A .

3 INEL A 9024-6

Figure 3. - Semiscale Mod-3 system and instrumentation for cold leg break configuration-isometric.

10

_ _ _ . .



_

TFl SD TMI SGT244
TF1SS30 PI SD

f TFlSS61 DI-SGI SGO TFl PRIZE
TFl-SS122 Dl-SGO 7

) TFI-SS244 Dl SG LL ~
PI-PRIZE I

DI PR LL <

TMI SGT30 DI SGOUT o,,en ioop steam generator au.iisary teed.aeer fTMl SGT122 [ TFl-SGFW
NT Dl-SGFEED " $ '*"'Intact toop steam

generator auxiliary H
feed *ater

7\ intact loop.

condens-Pressunzer
K

-steam Feedwater pot

Dominerahted water
' #"* '*""

storage taner
i Ad

\
senm generator feed *atar

r ,' *"*'" *'"**''"'**" """GISVR
l

d /-l>G

/ @ OT., @ RFI 2 ''";'
:

e

17 . .. .

s _amo. .. - -

@ 54 6 ,o*

.(!
:< .

RFl-6 cov so i i
' >

4 RFl-7 0167 -O< 4
t

,, ' g ;h DI-7-13 " "'
DI-6-SGI pccu,mu'a'or in,'cjoop

~

e/
'

- pDI-9-13 Dl-7-9 inieci.on qe =,
[] nne

3

X TFl11 TFl-1 F1-1
' '

A=gci v 2 ,

Ft.11 TMI-1T GI1T
%

_Jb 6
#

TMI 11T Y '*3 Dl-13V 1 A GI 1Bf --
'

cov.24 ctv.s3
DI-1 A-6 coid ieg- gy ,,

- ov s2 NMLeis pumr i.v 54 ir

@-
- F1-16ov st ci v-ss '

GI-16VR pressure
D113-15 : :M ' csv 3 "R --

.s

-

Y DI-15-17A[:
*

gGI-13T - '"'ac t W coid ieg N
' a

GI13B pump L se*' F1 HPIS cov 4 '"*" " ha' J
Vcov-38

-

[water n
SI PUMP h ' '

Y
-

, c anger 30 clv42

--C 4 -

j cov43 L y,,,

['' X lowe
HPIS Cl-V-d4 plen
pumps mget

Pump suction injection line , CIV47
cov ,cov-48 A

RFl-17 4 PI-ACC3 gP ^
TFl17 DI-ACC3-LL D~AC
TMI 17T $'.E2

* " ' ' ' '.

PI 17AL sc73
*u'*''

Dl-17A-DIA
'

#F1-17 '

GI-17T LPIS pump {-

GI17B

\
}

Make-up or
HPIS pump

Figure 4. Semiscale Mod-3 system and in



.

TFB-SGIL TM B-SGT429 ,

TFB-SGOL PB-SD
)l PR 4 TFB-SS32 DB-SG3 SGO
il PRIZE TFB-SS85 DB-SG1 SG2 ,

if PRIZE TFB-SS429 DB SG2 SG3
TFB-SS734 DB SGi SG1

RFB 45 TFB 41 TFB SS949 DB SGI-SG3

TFB-45 PB-41 L TFB-SD1143 DB-SGi-SGO

TMB-45T NB 41 TFB SGD762 DB SGO-27A

PB-45A G B-41 M TMB-SGT31 DB-SG LL

,* DB 45A DIA G B-418 TM B-SGT245 DB-SG OUT

i B-45-

GB-45VR '
E|y"'' DB SG FEED

..

U Rupture Broken loop

(ci v n
-u assemuy steam generator TFB 40

-7,g TMB-40T

cold leg [-
PB 40N(ci v n N - DB-40B-45A

5 * FB 4) Pressuretss:s ci v.n arcien,

**"co*2' -C< 4e ioco N B-40 '"PP'''''"

"gc'*" \ gpump GB-40VR
'

"** *'

ci v47 TFB-ECC-40/iv.ng
# /Uea' ci.v4s "O D B-29-40B

f WB PUMP*

3 o ~ s v-7 __
TFB-37B3

,,
- TMB-37T! @ DB-37A-29> 2,

6 0
[.,3 y FB-37

DB-21-27A DB-27A-28 Y G B-37
DB-21-SGI

FI-E C-17
'

ci-v4s civ 2,

In7*Evo*n"Sne" \ c 78
XN

TFB-20 DB-208-21 ;"
RFB-20 FB-20 (dcivi;
TM B-208 N B-20 t J

f" DB-13V-20B GB-20VR
-c>c- PB PSS x-

I circuiating

f X *""#spray system
2 accumulator ),
2 LL V !',_-_____-, 4% y s a

suppression tank
~~ Broken ioop

injection ime

::Y 27

, HPIS
Tests S-SB-2 and S-SB 2A
INEL B 9212-4

32
_

.

itrumentation for cold leg break configurrion-set -utic-

11



_ _ _ __

Upper ECC
injection port

Elevation (cm) Upper head
ddd 5 -

432 -

(
. . . .

.Ii'
40s - ij ht ;

-

;

|| 1

-!,

MGV + 330 >

Core guide
356 -

tube turbine
'' *meter 4

h@,330 - if
,

6ff | - .p)

i ,

l
- 1,( tg292,

190 -
n,

h/! u

b i
iL MSV + 153D/:

% MSV + 1530152 -

..
Core support tube

140 - -_

turbine meters
122 - ,

Lt 4 1

,Q1027 J |
q

51 -

Downcomer' -

''(8
1 +
k ," Hot leg

38 -

[}, outlet
,

25 - inlet annulus = ,, y ,e9 nozzlesi 4Cold leg !

# .-
centerHne

inlet nozzles % 'T } FV + 1
0 - Cold legh ^y core turbine

centerfin ,

meter
Downcomer vessel gh2''3 -

25 - insulator = p' ;\'

' upper drag
screen

-51 - h 1 ! |||.p Upper plenum
i

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



[j -
- - - -

' '
.i |

.

] .g q Upper plenum-

lower, .go -
4 .

.t Downcomir vessel S,7 L A e ~. insulitorJ -102 - extension .'u
.tia - 6 f 'i

!

. !\ f s
'

-140 -
y, s,

' "
FD-424

! ~7
w

' ' s'-406 - Downcomer
[ 43, _

instrument spool
Nq

... piece n),
p ~

f -445 - I

L T'
-464 - f2: )

'

NV-499 <
i. lower s . ]n'G -495 - drag NN i u.
; screen g .

-521 - T
Lower plenum IN
thermocouple rack Y [ . Lower plenum

-546 -

[

-559 - k- ,
insulator'

, ,,

.-

-572 - O O
-584 -

-597 -

k
'

Tests S-SB-2 and S-SB-2A-696 6 -

INEL-A-10 007-3
Lower head

Figure 5. Semiscale Mod-3 pressure vessel and downcomer cross-section showing instrumentation.
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Figure 6. Semiscale Mod-3 pressure vessel-isometric showing instrumentation.
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Figure 7. - Semiscaic Mod-3 pressure vessel-penetrations and instrumentation.
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Figure 8. Semiscale Mod-3 downcomer-isometric showing instrumentation.
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Figure 9. Semiscale Mod-3 downcomer-penetrations and instrumentation.
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TABLE 4e DATA PRESENTATION FOR SEMISCALE MOD-3 TESTS MOD 3- S-SB-2 AND S-SB-2A

nee e Ac pt ea t tee Deep'
*_No,esorees,et Lecet ten endiammment e Det ec t or t ret a s gare* Measurement . Caennent e

FLU 10 TEePERAftMts, Gareest-Almel thoveocewples wolese
spec t fied otheretee,

e

let et t Leof 0 to till E O te 820 E

TF1-8 Not leg, Speel 1, 30 ce f rom vessel il
cent er .

571-2 Ilet leg, Spool 2, 99 ce f ree veees t 0 to $11 R 0 to est E 12
center, 80 ce apetrees of het les
injecties part (plet tsee resistence '
bulb).

RF1-6 Met leg, Speel 6, 200 ce f ree vessel O to til E O to all E 13
coeter (plet tne testetence belt).

RF B - F Cold let. Spool 7, 964 ce f ree O to all E O to 411 E le
downeamer center ( placieve restatence
be I e ).

T7 8 - 11 Cold leg, speel !!, 434 ce f ree 1% Te s t 5-85- 2A onl y,
downconer center.

RF I - 17 Cold leg, Speel IF, 92 ce f ree 9 to Bil 1 0 to Sit K 16
downconer center, 7 re uretteen of
cote les to}ectlen port ( p t st a eum
reenet ance belb).

TF1-II Cold leg, speet IF, 60 ce f ree 17
downreeer center.

Brab en Leeg 0 to t333 E O to 820 K

ar t-20 Met leg Speel 20, 73 to f rom eesse l O to til E O to $11 R 18
cent er , 14 ce hmstreme of het le*,
te}ec t nee , -t (plet one ressetence
bu l b ) .

TF S - 20 llot leg. Speel 20. Se ce f ree vessel 1g
center 25 ce downstrees of hot tog
tojec t ten port .

TFS-56 EL Stese gevieteter islet leg. 342 ce 20
f rom veneel conter.

TF S-$GOL Steen generator eut let leg, **
9 36 ce f ram downenser center.

TF S- 3 F S Cold leg, Spoel U, 330 ce f ree 22 Test 8-9 B-2A sel y.
downceeer center

TF B-40 Cold leg, 5 pool 40, 213 ce f ree 2,.24
downconer cent er .

TF S-48 Cold leg, Speel 44, 4 ce apet rose of 25
ruptiere dice seeeably. 191 ce f ree

downconer center.

EF)-4$ Cold leg, Spool 4). 89 ce free O to ill u 0 to 811 E J6
dawacee er cent er lplat taa reste-
t ence bulb).

TFS-41 Cold leg, Spool 4%, 78 ce f rom 27
downtener cent er.

Downceeer 0 to 1333 E O to 820 K

TFD-I AF le dowitcomer telet eneis t es , Detector f ailed es Test 1 -5 0 -2A 8
L8 ce below cold les centerline feet S-95-2A only,
et 7)e .

TFD- 8 3 !a downconer eatension. 43 ca 25 Detector f ailed os f eet 5 *$5-2A.
be ow cold les cesteeltas.

Tier-170 le downsemer esteessee, 110 ce 29 Te st S-58-2A only.
below cold les centeritae.

TFD- 269 la downconer esteessee, 269 ce 30
*below cote les coeterlase.

TF9- 34 7 la downconer estesonen, MT ce 31

below cold les centerline.

TF9-4 33 le downconer last rianeet speel, 4)$ cm 32 Test S-$3-2A enly.
belev cold les centerline.

e
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TABLE 4 e (continued)

Det. c.,i siiio. .ange*
Neaowrement 1.eestles and coueente* De t ec t or Systee Figure * nesserement Commeste

vessel O to 1533 E O to 820 E
Veeeet Upper plenase

0
TFV-572if te vesset lower pleeue, S72 ce below 33

cold les centerline et 3158

Vessel 1.ower Plenue

TFT*ll In weasel,11 es below cold les 34
cent er 16 ee.

O Vessel Upper Need

TFV* M 3Q In vessel apper head it!!er, 343 ca 35
above cold les centerlies at 3258

Veseel Guide Tube ,

TFGV* 144W in veneel guide tube, 144 to abov. 34 Test 5-$3-2A only.cold les centerline at 3158,

Veof el Support Tube

TFSV * 1480 la vessel support tube,148 ce above 37 Test S-58-2A sely.
cold I g centerline et 4)*.

rore Grid $yec*rv 0 to 1533 E D to 1580 E

Grte Spacer 1 490 ce below cold les centerline,
e ce above bottoe of heated length.

TFG- 1 AS- 12 Therescouple is space defined by 38
Cetwena A and 3, now, I and 2.

Grid spacer 2 450 ce below cote les centeettee,
46 cm above bettee of heated length.

TFNAS-23 Thereoceuple la space defleed by 39
Colwses A and B, Rowe 2 and 3.

Grid spacer i 370 ce below ce!d les centerline,
126 ce above bettee of heated length.

TFG-4A5-2 3 Therenceuple la space defleed by 40 Detector f ailed em Test 5-56-2.
Coleons & and 5, Rows 2 and 3.

Grid spacer S 3a0 en below cold les centerline,
lH ce above Lattee of heated length.

TFG-f at-4% Thereocouple is space defined by 41
Columes & and B, Bows 4 and 3.

Grid Spacer 6 290 ce below cold les centerline,
206 ce above bottoe of heated length.

TFG-bot-34 There. couple le space defined by 42
Celvens D and I, tows 3 and 4.

Grid Spacer 7 250 ce beles cold les centerline,
244 ce above bottoe of heated length.

TFG- FAS- 3e Thereocoeple in space def aned by 43
Columes 4 and 5 Rows 3 and 4.

Grid Spacer 8~
286 ce above bottoe of aested length.
210 ce below cold les centerline,

TFG-0DE-2 3 Thereocewyte in space defined by 44
Celvene D sad E. Rows 2 and 3.

Grtd Spe:er 9 !?0 ce below cell les centerline,
326 ce above bottom of heated length.

TFG-9DE-12 Thereocouple in space defined by 45
Colmens D and I, towe 3 and 2.

TTG-901-45 Thermocouple to space 1efined by 46 Test 5-55-2A only.
o Columns D and B, tows 4 and S.

Grid spacer 10 130 ce below eeld les canterline,
3M ce above bettoe of heated Length.

TFG- 13DE- L 2 Therescouple le space defined by 47
Columns D end E. Rows i and 2.

Ip

O
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TABIE 4 e (continued)
*

D.t . ,,,, a m . .e
. 6

.ie s cu,eee.t i c.t t.e d C e.t e se t - t., __us t ee men. ..e. -t C-t e

ECC Sjetee O to ll)) E O to 820 K

T F1-tEC-17 On eestertime of ECC line, 72 re 48 e
troe junction eith speel 17.

TFG-ECC-40 De center! Ame of ECC line at 49 Detector f ailed es Test S-58 2,

junc t Loc eith Spool 40.

Stese Gener erer 0 to !$331 0 := 320 E

r.e et e _l.cor ,

TF 1 -SGFW to feedwater time leedtog to stees 50
B*ser e t er .

TF1-hD la st ese generator stese does , 120 ce Si
above top of tube sheet . .

TF1-55 30 Secondar y side , 10 ce above top of $2
t ube sheet .

TF1-8566 Secondary side, 61 ce above top of 13 Test 5-58-2A only-
t ube sheet .

771-88122 Secondar y side , 122 ce atoee top 56
et tube sheet .

TF 1 -85 244 Secondar y ende, 244 ce ebeve top SS

of tube sheet.

t'.!* t*_k"2
TFS-5512 Secondary side. 12 ce above top 56

et tube sheet .

f FG-Stal Secondary side, 81 ce above top S7 Test 5-SS-2A caly.
of tube sheet .

TFB-st429 Serendary side, 429 ce shove top 54
of tube sheet.

TF3-85 7 34 sec ondar y s i de , 734 re ,bove tep $9 Test S-55- 2A an. y.

of tube sheet.

TFS-559 9 Seceedary stde , 9=9 cm ebeve bot toe 60
of tube sheet.

TF S-$D i l 43 Secondary ende st ese done, 184) ce 61
above top of tube sheet.

TF B -SCD 762 Secondar y side doirnconer , 142 to 62
above top of t ube sheet.

Fress ur i ser 0 to 133) 5 0 . s 5 20 E

TFI-F81gg la merge laae near pressertaer emit, 61
between t artt ne floweeter and =
pr e no ve l se r .

PAf1Rl4L TUfetRATURE Chromel-Alume 4 therescouples unlece
specified ot herwise.

lat ec t Lany 0 to ISI) E o to 820 E

f5t! i, not leg, Spool 1, top, 1.6 es f rom 66
pa pe instde dasseter 110), 68 ce free
oessel center.

141-117 Cold leg, Spoel 11. top, 1.6 aan f rom 41 Te s t 3-ss-2A only,
pipe 10, 46. to f ree downconer renter.

TM I-l FT Cold leg, spoot 17, top,1.6 en f ree 66
pipe ID, 64 ce f ree dowacomer center,

trotee 1. cop 0 to 133) E O to 820 E

TMB-208 Not leg. Spool 20, bottoe, 1.6 em 67
free pipe 19, 91 ce free vessel e
center.

TMB-177 Cold leg, spool 3 7, top, 8.6 sun 68 Test S-SE-2A eely,
free pipe 11', 321 re free downconer
t eater.

TMs-40T Cold leg, treet 40, top,1.6 es ~9 Test 8-SB-2A caly.
free pipe 19,196 ce free downeomer ,
t eat e r .

143-417 Cold leg, spool 61, top, 1.6 em 70
f ree pipe ID, to ce free decoser ,
cen t e r .
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TABLE 4e (continued)

est. ac w.it ice isome*
* *

ne.e.ree..t t.c.t ion eed c_et e Det ec eor s,e t es n.,e* me.e.rene.t c_.t e

Downconer 0 to l$15 E O to 820 E

TMD- 18F On downcoeer islet asentes,18 ca 71 feet S-58-2A only

O below cold les centerline at 758

Te-8 6 Os dowaconer estension 31 ca 72

below cold les centertane.

TS-I S 2 On downconer esteessan, 132 ca 73 Test s-sS-2A sely.

below cold les centerline,

e Te- 22 3 On dowoceaer estensive. 223 ce 74 Te s t 5-sa-2A only,
below cold les centerlene.

*

79- 21e On downeomer esteesion, 294 ce 75

below cold les centerlane.

TW-%4 Go duwnconer entension, M4 ce betw 76

cold les centerline.

TM-4St on downconer lastrumented epool pseca, Detector f ailed on Test 3-58-2Al
656 ce below cold les centerline. Test $+$8-2A only.

Dawnc oner taewleter 0 to 1533 E O to 820 E

TIO-16F On downcaser inlet sanslue insolater, 77 Test 5-SS 2A only.

la ce below cold les centerlies at 718

T I @- 64 P downconer esteeef oe inee'eter. 78 Te st C-SS-2A cely.
64 ce below cold les centerites.

71 @ -83 on downconer estension tasolater, 79

85 ce below cold les centerlane.

Ti t- 112 On dowocomer estension tasolator, 80 Test 5-58-2A only.

152 ce below cold les centertsme.

T19- 170 On downconer estematos inentator. 81 feet 5-st-2A only.

170 ce below cold les centerline.

. Tle-269 On downcamer estension snowletor, 82 Test S-se-2A only.

269 ce below cold les centerline.

T12-296 On downcoeer eatencias teaulator , $3
294 ce below cold les centerlane.

T12-M4 On downcouer esteesion insulator, 84
3a4 ce below cold les centerline.

Veseel O to 1131 E O to 820 E

T?tV e 160y is vessel en upper head f aller, 81 feet S-$8-2A only.

160 ce above cold tel centerline at
758

Teneet Inseletor 0 to 4133 E O t o 8 20 E

TINV e h)Q te weseel os upper head insulater. Detector taaled on Test S-95-2Al
M3 cm above cold les centerline Te s t S-SB-2A only.
at 2 2 )*.

Tlifve l60Q in weasel on upper plence insulator. 96 Test 5-58-2A enly.

Ib0 cm above cold les centerline
at 221*.

T iniv-57 2W la vessel un lower head ineuteter, 87
$72 ce below cold les center tane
at 3138

Stees Generator 0 to 1533 E O to $20 K

lat ee t LaJa

TM t-sGT 30 On a stese generater tube, 30 cw 88 Detec tor f ailed og Test 5-58-2A.

.bo,e to, en tube eseet .e e.i-

eide dammeter t00) tube.

TMI-8GT122 On a steam generster tube, 122 ce 89
O above top of tube sheet on 00 of

t ube .

TMI-SGT244 On a stese generator tube, 244 ce 90 Test S-55-2A only.
above top of tube sheet on 00 of
t ube .

T

.
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TABIE 4. (continued)

*

Det a .c u.m.n . 3e .

eiese.reee t Loc at v.= d camme t.'
_

De e ec tor syeeen pg,r e nees resent caemenr e'
*

Broken _t.aoy 0 teb33 E O to 8 20 E

*TMB-SGT11 on a etese generas er t ube, Il ce 91
above top of tube sheet on OD
o f t ube .

TMS-SGT241 on a st ese generator tube, 243 ce 92 Test 3-55-24 on l y,
abase top of tube sheet ce UD
of t utte.

TM2-SGT629 Ce a steam genee star tube. 429 ca 93 *
above top of t ebe sheet ee OD *

of t ube.

TMs-SCT 7 34 on a stese generator tuba, 734 ce t+ Test 5-5 5-2A onl y ,
above top of tube sheet on OD
o f t ube .

Cost NPAff a chromel-Alue i t he reoc eup le s .
MKTp_py nATpt,

_

pin -Pawer _Mest er, s 0 to 1533 K 0 to 118.1 E

YM-8 3-40 Messer at Celuen B. Row 3. Tnereo- 95, 94 Det ec tor e TH-s 3-40 and TM- 51-190 en
m- 8 3-180 couples to se (1208). 180 se 97, #8 Test 5-55-24 onl y.
Tu-5 3- 150 ( 2 2 )* ), 190 ce (13%e ). 226 ce 99
TM-4 -226 (2708), and 33) es (210a)
f u-B 1- 113 above bot tme of heat ed lengt h.

TM-C 2-OS Reat er at Column C, Row 2. The rma- 100, 101 Detec tors TM t.2-IBO and
M 4 2- 180 couples 8 ce (28)*). 1 A0 <a (22)a l. 102. 103 TH-C2-2 7 7 on Test 5-5 8-2A on l y.
Ta-C 2- 2 7 7 27 7 cm ( 2100 ), and 321 te ( 2 70* }
Tu-C 2- 32 3 above bot ta of heated length.

TM 4 3-49 Mester at Column C, tow 3. The r en- 104 10)
TM-C 3- 515 co plee 49 cm (13)*). 11) ce litio), 104
TM -C 3- l h and 194 cm (22)*) above bot toe et'

he a t e d l engt n.

m-DI '$4 ** eat ar at Cole D. Row 2. Thereo- 107, 104 Det ec t or TH-D2-254 on Test 1- 10 - 2 A
m-0 2- 32 3 coup l e e 2 5e ce ( L P ) and 321 ce aa l y .

( 608 ) a bove bot t om o f he a t ed l en gt h .

Tu-0 3- f i He st er e- Column D. tow 3. The reo- 109, 110
fM-6 3- 113 couplee 71 ce (lid a,11) cm ( L 3F). til, 112
15-0 3 206 206 ce (12001 and 224 re ( 2 70*)
TH-D P- 226 e4 eve bot tom of heated lengt n.

! wfwe r M _at er e O to 1515 E O to 1580 5

Te- A 5- Oe Heater et Column A. Row % . Therma- 111, 114 Det e( at TM- A S 46 on Te s t $-58-2
TM - A % - 166 couplee 6 ce 12: Sol, 16e ce ( 3003 ). 11), 114 on l y .
TM- A l- 124 179 en (1400). 212 ce (16F l. and !!7
TM- A%- 252 321 cm (22 5* ) amove bot tom of e.eated
14- A l- 321 l engt h .

TH-s t - 12 L Hest er at Co t ona S . Ave 1. The r eo- lit *

touple 121 cm ( 2 70o 6 seove bot tae of
heated length.

m - D I -0 % Iteater at Coluna D, bw 1. The reo- !!9 120 Det ec t.or Tw-D B. i 78 on T.se 3-gg-2A
m -D I- 131 coup le e $ en (10)'). 131 ee (0"). 121 124 on1 r
T4 -01 - 16 3 14 ' ce (1208 ), 174 ce (1.100 ),end L23
TH S I- 1 ?S 2)! cm (2 70*l aeove bat t e of
TM-D I- 2 31 heated leegt h,

m -D $-Il Hester et Col aan D. Liw S. The reo- L24 12 1 Detec tor TM-01-11 on Test 5-s8-2
TR-D S- 13 7 couplee 11 ce (80*l. 137 ce t 738 3 126, 127 co l y .
TM-0 5- t ? 9 179 ce (900), and ISa cm (*F)
TH-D S- 2 %4 above bot tom of heat ed length.

N-E l- 164 seater at Colueet E . Roe 1. The reo- L I6. 129
TM-E l- 180 couplee 164 ce t 1808). 180 ce (60* l. 130 131
N-E L- 232 212 ce (1208). and 32 L cm ( L800)
TIl-E l- 321 above bet tee of heated lengt h.

TM-5 2- 109 Wester at Celeen E. Row 2. The res* 132, 133 Detec tor TH-E2-109 f as ted on
TM-E 2 - 180 couples 109 cm (300 ), 180 cm (v08), 134 , 135 Test h-5 5-2. Detectar TM-12-227 *
IM-82* L10 L90 cm ( L P). 22 7 ce (1200). and 136 on test S-55-2A le good f or t rend
TH-E Z-22 7 333 ce (30e) above bot toe et only, and f rom at to 103 eetonJe
TM- E 2 - 313 heated lengtle. 6avalid dat a were removed and

replaced by a straight hor l eont al
i n ne

9
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TABLE 4e (continued)

Dat e neguisition Ranse* *

Mess.coment Locat ie and Coene.te' _ Detec tor _ synee. 3.re* Mees resent Coonent e*

Lear Power neatere (eentiawed) 0 se 1531 E O to 1580 E

73 -t F 72 Rester et Celmen 8, Bow 3. Theree- 137. 138g
Tu-4 3-l% eesplee 72 ee (to*), 154 ce (270*), 139, 160
74-43-207 207 cm (300*) 223 ee (90*). and 290 141
TN-E F22 3 ee (300*) anova bottom of heated
75-53-290 leasth.

TM-E6-41 Neater at Colues E, tow 4. Thereo- 142, 143 Detector Tu-E6-109 en Test S-$5-2
Tu-E4-107 couples 61 ee (345*), 109 cm (0*), 144. 165 onl y. Detecter Tu-56-Ito f atted

8Tu-E4-140 180 se (60 ), and 3% ce (65*) above en Test 5-58-2A.
O T9-E4-3% bottoo of heated longen.

Tu-E5-109 usater at Colisen E. Row 5. Theree- 144 16?
TE-85-180 eewpies 109 cm (0*), ISO ce (60*), 168. 169
TR-E 5- 190 190 ce (345*), 227 em (120*), and 150
74-85-227 353 cm (75*) above bettee of heated
71- E 5-15 3 leagta.

,

Fyssues

tota:t g

F1-16 Cold leg, Speel 16,144 re f ree O te 17.237 MPs 0 to 20.29 MPa 151
dow= comer center.

FI-17AL Cold leg, speel 17, 60 ce f ree down- O to 1.67 7 MFe 0 to 3.65 MPs 152
esser center (low range ).

Bremen Loop

PR-40 Coli leg, Spool 40, 209 ca 0 to I; .237 MPa O to 21.07 MFa 153 Test 5-55-2A only,
tras dowacomer center.

FS-41L Cold leg, spoet al.163 ce free down- O to 3.477 Mrs 0 to 3.48 MFe 154
eoner center (low rangeb

F5-64 Cold Leg, speet 45. 90 ce f r ee down- O to 17.237 MPs O to 20.77 MPa 155
eceer center.

t

D*I*
FV+13 la vessel het les estenoien,13 cm O to 17.237 MFa 0 to 21.49 MPs 154 Detector f ailed on Test 5-55-24.

below cold leg centerline (see of f
DF tap).

ET Systee O to 6.895 MPs

PI- ACC ) In ecsuewteter for 1steet loop. O to 8.305 MPa 157

FS- ACC 2 la acctmaalater for breken loop. O to 8.551 MFa 158

steae Generator 0 to 4.30$ MPs

Int ac t Loop

FI-$D Int ac t loop stese generator, eecond- O to so.50 MPs 159
ery side stese deae.

pretee Loop

FS-Su areten loop stese genes ator , second- O to LO.77 MPs 160
ar y side steen done.

.

Pres ser ig

F1-F3123 Freesertaer stese done. O to 17.237 Mrs 0 to 22.83 NFa 161

Pressere Suppreesien
Syst ee

PS-PSS Suppression teoa top. O to 0.689 Mrs 0 to 0.44 Mrs 162 Test 5-ss-2A only.

DI F FE RE NTI AL Elevatin dif ference between treas*
fkiS5 UB E

'

docer tape is sete unlese specitaed

atherwise.

p Int act I.any

D E - 13V-1A Free vesset lower section of epper 1127 ce 117.25 kPa 163. 164
pleene, 13 en below cold les center- water
line to het leg, Spool 1. Tap A, 60 ce
f ree vessel center. Lower upper
pleaue tap is 35 es below spool 1 tap,

DI*lA-6 Not leg, $ peel 1. Tap A, 60 ee 3127 ce +17.44 kPa 165, 166
# f we vessel center to hot leg, veter

spoot 4. 271 ce free eesset center.

%
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TABE 4* (continued)

*
.. . ic s.i e m e. . 3e

*
_neaegrement Lacet ion and Consment e ._ Det ec tor Sys t ee F i gur,e[ %eewreernt Camuse

gr ecLteep (cone ioned )
e

D1-6-7 Not leg, Spool 4, 271 ce free veneel *h5 kre *)l) kPa 167. 168
center acrose stese generator to
cold 1*s, Spool 7, 927 ce f rom
dowacamer center. Spool 6 top
ta 67 re above Syne t 7 top.

91-6-sci tiet leg, spool 6, 271 ce f ree vessel 312 7 ce *16.4 kPa 169, 170
center to totac t loop steme generater wat er

*
inlet , h9 ce f ree weseal center.

Epool 6 tap to el ce below SGI tap.

D E -5Gi-5GO Int ac t toep steam generater, talet 32% ce * 5).54 kPa 171 Te s t 5-55-2A on l y.
plenum to out let yleeue, acrose wat e r

,

pr imary side tubes.

D I-5Go- f tat ac t loop steam generator out let 12% ca 11).54 kPa 172, L 7)

pleaue , 102) ce free downconer center wat e r

to cold leg, Spool 7, 927 re f rom
downcomer center. SGO tap to 79 ce
above 5 poet 7 tap.

D1-7-9 cold leg, 5 pool 7, 927 ce tree dowa* + 762 ce ~* 102. ) * pe i F. , 875
eneer rester to cold leg, Spooi 9 set er
66) ce f ree downcoeer cent er .
spoel 7 s ap h e !)6 re above Spool 9
t op.

01-7-1) Cold leg. Spea t 7, 927 ce tres down- *2% ce + 3). 76 kre 176 Te s t 5-58-2A only,
comer center to cold leg, Spool 13, wat er

~

ll2 ce f ree downconer center

01-9-11 Cold leg. Spool 9. 66) ce f ree *2% ce +3).6% kPa 177, 174
downcomer centee t o cold leg, water
Spool 13, 112 ce f ree domeoser
c ent e r. Spool 9 top as 257 ce
below Spool !) tap.

D I -I)- 15 cole lag, spool 13.112 em f ree 1690 kPa +690 kPa 179, 180
dowsicamer cent er, acrose pr isacy
pump to cold leg, Spool a b. 175 ce
f ree dmmcamer center . Spaul 1) top
in 25 ce below Synet li tap.

D t - t )-17A Gli leg, Spool 15, 8 7) ce f ree 32% ca 35 3.49 kPa 131, 182
downconer cente r, across cold leg wat er

s n iec t i on por t to cold leg, Spool L P,

Tap A. 60 ce f ree downconer coeter.

Dl -17 A-O L A Cc!d leg, Spool 17. Tap A, to se f roe *!2 7 ce -+16.52 kPa 18). 184
downcomer center, to downcomer anlet Enter
anne las . 10 ce above cold les center-
l i ne . Spool 17 t ap t o 30 ce below
p!4 tap.

''?**.* ,Wt

DB liv-208 14 wesset f ree lower section of upper *2% ce *1).42 kPa 18), L B6
plenue, 13 ce bel.n, cold les cent er- wat er

,

line to not leg. Spool 20. Tap 8, 22 ce
aeove cold leg center t ane, 84 ce f ram

vessel cente- 1)U tap le 35 ce below
S poo l 23 t ap.

09-204-21 not leg, Spool 20. Tap 5, Su ce f ree !!27 ce *16.24 kPa 157, 188
esseel rester to hot leg Spool 21, wa t e r

,

2JO ce f rom wessel center.

98-24-274 Not leg, Spool 21, 220 ce f ree vesset * )4 5 k Pa *h5 kPa 169 Test S-55-2A only.
center te cold leg. Spaol 27. Tap A.
87* ce f ree downconer cent er. Spool 21
top is 4 ce above spool 27 tap.

DB- 21-5G t list leg, Synol 21, 220 ce f ree vessel 12% ca 117.8 ) kPa 190, til
center to steam generator islet leg, wa t er
177 ce free vessel center. Spool 21 e

,

tap is 1 % ce below $GI top. I

DS-5Gt-SCO Steam generator, inlet leg,177 ce *%S kre 1%) kPa 192, 193
free esseel center acrose primary
e a ds tubes to stese generetor outlet

tea, 944 ce f ree dowocomer center.
SGI top is 76 cm above SGO tap,

s
95-5GI-54i1 Stese geoevator talet teg, 177 ce !!270 ce * t 70.0 kre 194,195

f rne vessel center across pa ssary wat er

, side tube, 91 cm above top of tube
sheet . SGI tap la 166 ce below SGI
t ap.

24



TABLE 4e (continued)
_

Data Acquisition aange*
*

Ness er seem t Location and Comente Det ec tor S y s t em Fi gur e*_ nesoErement Commente

Seekee Loop (coat tooed)

DB-SGI-SG) Steen generator islet leg, 377 ce 31270 ce *l 74.9 kPa 196, 197
p

f ree vesset eester acrees primary wat er

olde tube, 834 ce abeve top ef tote
sheet. SGI tap is 913 ce below
SG3 tap..

Dt-*Gi-SG2 Aciess etese generster primary side 312 70 ce +169.0 kPa 198. 199
tube, 91 en to 463 ce above top of water

tube sheet. Elevetion daf f erence
O between tape le 374 ca.

DB-8G 2-SC I Aceses etese generator prteery side *t270 ce *l69.6 kPa 200, 201
tebe, 449 en to 434 ce above top of wat e r
t2be edget . Elevation dif ference

betuwe tape is 37) ca.

DB-SG3-SGO Acrose stese A*nerator prseary side *h5 kPa *345 kPa 202, 20 )
twir, 038 ce eteve top of tube sheet
to steam seeerster outlet leg,944ce
tros downconer center. SG) tap is
9F1 ce above SGO tap.

D S-SGo- 27 A Stese generator out let leg, 946 cm *254 ce *13.58 kre 204, 203
from downconer center to cold leg, water
Spoal 27. Tap A, 472 ce f ree downconer
cent e r . SGO tap so 65 ce above
Spool 27 tap.

DB-2 7A -25 Cold leg, Spool 27, 572 ce f rom 3762 cm +102.0 kPa 206, 207
downconer center to cold leg, Spool vet er

28, %S ce f rom downconer center.

Spool 27. Tap A is 304 ce above ,
Spool 24 tap.

DB-28-29 Cold leg, Spool 28, 565 ce from down- *762 cm +102.8 kPa 208, 209
comer coeter to cold leg, Spool 29, wa t e r

323 ce f ree downconer center.
Spool 28 tap ie 231 ce below spool
29 top.

DB-374-29 Cold leg, Spoo*. 37 Tap A, 498 cm +254 cm +33.68 kPa 210 Test 5-SF-2A only,

free downconer center to cold water
leg, Spool 29, 323 re free downconer
r ent e r . Spool 37, Tap A is 173 ce

below Spool 29 tap.

08-29-408 Cold leg. Spool 29, 32 3 ce f rom down- *6e0 kPa *486 kPa 21(, 212
comer center acrees broken loop pump
to cold leg, Spool 40 Tap S, 202 ce ,
f rom downconer center. Spool 29 tap
is $3 ce below Spool t,0, Top 5. ,

DS-405-45A Cold lag, Spool 40, Tap 5, 202 ce f roe * 1270 ce +167.9 kPa 213, 214
dovecoeer center to cold leg, Spool 45, water

Tap A, 69 ce f rom downconer center.

DB-45A-DIA Cold leg, Spool 41 Tap A, 99 ce f ree * t 2 7 ce *17.18 kPa 211, 216
downconer center to downconer islet water

annoles, 30 ce above cold les center-
l ine . Spool 45 top is 30 cm helm,
DIA tap.

Dmericoser

3D-DIA-l W Downconer intet ar.netes, 30 ce above 3%) kPa *347 kPa 217, 218

cold les center time te vessel tower
,

upper plenue, 13 ce below cold les
centerline. glevation difference
between tops is 43 ca.

DD-DIA-170 Downconer inlet annutes, 30 ce above *f62 ca 3102.2 kPa 219, 220

cold les centerline to downcoeer water
estenston, 170 es below cold les
centerline. glevatles dif ference

*
between tape is 200 ca.

DD-DI A-578 Downceser inlet annulus, 30 ce above *1270 ce +170 kPa 221, 222

cold les centerline to vessel lower water

hesO SFS ce below cold leg center-
line . Elevatico dif ference between
tape le 608 ca.

D

25
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TABIE 4. (continued)

Det,Laygio i,epn _s en ge *
___ Nee . resent Im at ion and_come.at e" *not ec t er stetra Fl_ gore * nese.rement comment e

Downc oner f ecat insed)

D0- 170-4 51 Downeemer estenoien, 170 ce below +762 ce -*l09 tra 223, 224 4
cold les centerline te doewecomer Yater
saetrumented epool ytece, W ce
below eeld les center.. . vat ion
dif f erence between tape to 26) ca.

DD-415- 5 78 Doweeeeer instrumented spoel piece. *294 cm + 3).5 kFe 223, 224
431 ce below cold les centeellee to water

-

vecest lower heed, )?S ce below cold
,les centert ane. Elevattee dif ference

bet ween tape le 14) ca.

11*.' *_!

DV-178-301 ve s so ' *.ower head, 570 ce below cold *2% ce
les center line te lower core reglen, det er

-+13.5 kre 227, 228

SOL ce below cold les centerline.
Elevation delf orence betures tape la
77 ca.

DV- 501 -M 2 vessel laver care restee, 501 ce +2% ce -+ 36.0 kPa 229, 210
below cold les centerline to lower wa t e r
core reston, 442 ce below sold leg
cen t er lise . Elevotton esflerence
betweee t ape le 59 re.

DV-101 101 Vesaal lower vore region, 301 ce + 12 70 ce -et/2 kPe 211, 212
below cold leg centerinne to hoster set er
tod growed hub, 10% ce below cold les
cen t ee l t ne. e levet tan en t forence
between t ape ao 3et ca.

DV - 44 2 - 278 Venee t lower core ressoa, M2 se +762 ee el00 kPe 21), 2%
belcz sold les centerline to end- water
core reston , 275 ce below eeld leg
c ent e r l a ne , glevot toe di f f erence

bet ween tape is th4 es.

' V- 2 7 8- 114 Vessel an dcore regsce, 27a es below +762 ce 199,9 kPe 211, 234
cold les resterlane to upper core water
r e g s aa , 134 es below colJ les center-

line. Elevat son dallerence between
tape is (24 ca.

DV - l >4 - 101 Vessel apper core resion 154 ce + 762 ce *99.9 kPa 217, 2 18
below cold les tent er line to heater wa t e r
rod ground hub. 101 se bolae, cold leg
cent er line t hevet ton dif ference *

between t ope i s 49 cm.

DV - 154 * 134 veseel upper core regi.ui, 1)* re below *12 70 to + 110 kPa 239 Test S-se-2A only,
colo les centeeltne te vessel tower water
he ad , 1% ce above cold les center-
Liee. E l e va t i net dif f erence between
tops se 308 co.

DV - l'))- 13V tie s t e r red ground hub, 103 ce beinw + 2% ce *ll.18 kre 240, 241

cold les centerltee to lower sec t ian wa t e r
of upper plenum, 11 ce below cold leg
c en t e r i n ne . Elevataca entference between
tape is 92 ca.

Ov e 421 * 154 Veseet sep head, 421 ce above cold leg 11270 ce * 168 kFe 242, 24 )
center 11ae to core espport tube, wa t er

,

114 es above cold les centerinne.
Elevation entforence between tape is
261to.

DV* l l1- 13 Vessel upper heed region,11S ce * f t2 ce *101 kPa 244, 24)

above cold les centerline to vessel wa t e r
wpper plenue, 1) ce belnw rold les
cen t er 16 ae . Elevation dif ference
between t e,e is 148 re.

,

arc _syse.e a

tot ec t 1.*p

DI-ACC)-LL Top te bot toe of accueialater for *12 7 ce -*%.M kPe 244, 247
6 e t ec t Leop. Elevation dLiference seter
between tape le 279 ce.

e

|
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TABLE 4e (continued)

Dara Aegeisition Range"
aneaeorement Locat to e.d Comuneers Detece r srotes 3m wese.ree.et Co,s.e.e e

a b

seemen toae
i

Ds-ACC3-LL Top to bettee of accumelster ter *254 cm e h.49 kre 248, 24 'O bre. ten leep. Elevation dif ference seter
between tape is til ca.

Stees cenererer
p

lat ac t Loop

DI-SG-LL Liquid level for intact laep etese +1270 ce +166 tra 250, 251
0 5eser ster . Elevaties d6tierence water

between tape is 206 ca.

St-$CrtED Across erif are plate la feedwater 0 to 890 ca 0 to 153 kPa 252 Detector failed on Test s -s a- 2.
line to steam generator for latect water
leep.

O t -sGoit? Acrose venteri tube in dascherse O to 2865 ea 0 to 492 tra 253, 254
time free steam generator for water
int ac t loop. *

Srekee tejo

DS-50-LL Liquid level for beobee loop etese ^*MS kPa ~*354 kPa 255, 254
generater, tievation esiference
between tape is 1067 ca.

DB-SGFEED Acrose orifice plate se feedvetor e to 615 ca 6 to 109 kPa 257, 258
lies to steam generater for breken water
loop.

DB-SGOUT Aereas weervei tube se discharge O to 208 ce 0 to 35.8 kPa Detector f as ted on Teete 5-55-2
time free stems generater for watet and 5-58-2A.
broken loop.

Pre sser i ter

DE-PR-11 Liquid level for pressuriser. *127 ce +15.47 nFa 259, 260
Elevatten dif ference between taps water
la 127 ca.

Ot-PR-4 Pressuriser bottee to spoel 4. *762 ce *100 kPa 261 Test 5-55-2A only.
Elevation dif ference between tape water
he 157 ca. spool 4 tap is 140 ce
below pressweiser east.

VOLtstETRIC FLN RATE furbios floweeter, bidarecticeal. Data acquisition system range eay
escoed rated detectica ranges
however, turbine response se
Inneer to flow rates well beyond
the rated range.

Int acLLauf 3-ie. Schedule 160 pipe.

F1 1 Ilot leg , Spool I, 34 ce f ree *l .2t to *19 L/s 262, 263
vessel center. 3L2.6 L/s

F2 O Cold leg, Spool 11, 429 ce f ree *l.26 to +19 L/s 264, 265

dowoceser center. *12.6 L/s

F1-16 Cold leg, Spool 16,145 ce f ree *5.05 to ~* t9 L/s 266, 267

downconer center. +50.5 L/s

1F1-17 Cold tea, Spool 17, 38 ce f rom 1 26 to fit L/s 268, 269
. downeomer center. *12.6 L/s

9eokee_Loyo

1 26 to +5.5 L/s 270, 2711F5-20 llot leg. Spool 20.100 se free
vessel center. 112.6 L/s

FS-37 Cete tea. spoel 37, 466 ce free 11.26 to +5.5 L/e 272, 273

dowacomer center. *12.6 L/s

1 1 5 L/s 274 Detector f ailed on Test ' -55-2.5FB-40 Cold leg, spoot 40.193 ce from 1 26 to
downcomer center. 112.6 L/s

O t s-45 Cold les, spool 45,110 ce troe ;0.63 to +5.5 L/s 275 Detector f ailed on ?es. 3-53-2A.
dovecomer center. *6. 34 L/s

Downeneer

1s ia 276, 2772FD-424 la dowseemer, . pat reme of imetre- *2.52 to
seated epool piece, 424 ce below *25.2 L/s
cold les centerline.

,

B
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TABIE 4 e (contimted)

. neurniten arc'
seeseerement Loret ion med Commsent s' Det ec t or S ys t ee F i gur e me_as_wreeeet_ t'_ ==get a"

*
a

5.' t' *_1

FV * 1 Cote enit e i ce above este leg * 2. *2 to 120 L/d 270, 279 gcen t e r li ne. 12).2 L/e
FV-t*-DC le uppet head hestop by pese li es . *0.4 F to * 3.0 L/s 280, 201 octector ese set for usedateetianal

+4. 72 L/o
,

flow ee Test 5-55-2A

%Ill'.**

Int ac t t.4e g
e

F 1 -MP I t in i sne assaed t et el y af ter HPIs pump +0.0 3 8 6 t o ._0.15 L/ o 282, 28.**

f or t ot ec t loop: 1/2-te lano ,0. 364 L/s* e

F1-ACC h sF Ca.cul ated volueet ric f low rate f rom 284, 281
eesourement DI-ACC 3-LL and ACC 3 t ant
conf agwr et too.

Bremen Loop
- T S -H P b' le line aused t at e t y ef ter MPIS pump f or 03 0316 to *0. 8 ) L/o 2ae, 287 Data f ree -20 to 1800 e se invalid

t ot ec t loo p , ll2 in. l i ne . *0. 316 L/o due to teat reament messe.

F B-ACC 2-DP Calcul at ed volueet ric f low rete f ree 288, 289
eesourement DB-ACC2-LL and ACC2 t ack
c on f a gav at s on .

Fr e es er a ser

F 1 -P R 121 In pressoriser surge i sne. + 2.12 t o * 20 L/o 290, 198
{25.2 L/m

'

!svMr.NTrut FL UX D r ag-s c r een , bad i ree t t onal .

t r 3 s en Lon g

NB-20 liut leg. Spool 20, 79 ce f rom eessel *0.0) to !!O. F e * 2.5 a 292, 293
seater

,

N t - 40 Cold leg, Sp+s t 60, 21 % ce t roe +0.0$ to 160.2 g 12.5 g Detec tee f ee led for Teste 5-58-2downconer center,
and 3 SS-2A.

N S - 41 Cold leg, Spool 41, 198 ce f roe +0.22 to 144. $ N * )) . 61 5 294, 293eswnconer center.

NS-4) Co ld leg, Span t 45, 84 re f rram *0.0) t o * l0. 7 m 32.% e 296, 297
aownconer center.

(ge oe l

.
oNV - # in vessel lower upper plenum regaan, 3 11 to 122.2 M 19.0 W 298, 2990

e9 cs below cold leg center line

NV - tw $ la vessel at entrance to heated core, *0.08 to !!).1 N !!5.0 N 300 Detect or f ailed me Test 5-18 2.499 ce below sold leg centeeltne

MSV* 15 30 Veeeel support t ube, 143 ce ahove N *A 10 .3 5 30 1, 302cole les center t ane, O*.

MSV * l) 3-) Vessel support t ube , til ce above N/4 30.3 a 30 3, 3G4
cold les centerInc., 223*.

4.;V* 3 30 Wessel guim tube, 330 ce above le/ A *0. 8 s 305, 306cold leg centerta ne. ,

Dr.us.I rf.-
e

Int ac t_img I . 6 t o 1600 0 to 3 6(w
kg/m3 kg/m3

C1-If not leg, Spool 1, 77 ce tras vessel 30 F, 308 Date questionable for C1-If osGI-is cen t e r . T (tangent ial) rensee 170* 309 , 310 Test S-sa-2 and Cl-15 onGI-lc to 3600 5 (body) rangen 30* to li t , 112 Test 5-58-2A.*330*. C is a mathemat tsal coe-
posite of f and B.

Cl-SVR not leg, Spool S. 228 ce f rom vessel 113, 314
center, vert teel.

e
Gl 131 Cold leg, spool 13, le2 en f ree down-

15, 316 Date qwat tenable for Cl-138 enC1 135 cc.eer cent er . T (tangential) ranges 317, 11 8 Test 3-ss-2A.cC l- 13C 2700 to 3608 3 (body) ranges 30* 119, 120to 330*. C is e mothesat ical com-
posite of T sad 5.

C 1-16v1 Cold leg, Spool 14,131 (e f roe down- 331, 322
comer center.

,

< e
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TABLE 4. (continued)

Date Acquisitice Range
*Messerseest location and comente De t ec t or S ys t em 3wre" Measurement Commen t s

latart Loop (eastiaued!

C l-I FT Cold bs, Spool 17, 73 ce f ree down- 323, 124 Data questionable for C1-!FT onU Cl-1FB comer tester. T (tangential) renses 325, 126 Test S-55-2.'
C l-I FC 2708 to 360a. 5 (body) ransen 300 327, 328

to 3308 C is a matheestical
composite of f and S.

Broken Lany 1.6 to 1600 0 to 1600
kg/m3 kg/m3

* CB-20VE Het leg, Spool 20, 64 ce f rom vesset 329. 330
center, vertical.

CB-17 Cold leg, spool 37, k0 ce f ree down- Detector f ailed on Test e 5-55-2 and
coe c cent er. 5-55-2A.

CS-40Vs Cold leg, Spool 40, 230 ce from dowv 331, 332
comer, vertical.

CB-41n Cold leg, spoot 41,170 ce free 333, 3 % Detector Gs-414 f ailed on
C5-4 L a downeesee eeeter. C is a matheestacal 135, 336 Test 5-5 B- 2A , Data questionable
GS-4 B C composite of 4 and 5. GS-415 and GB-414 on Test

S-55-2.C

C5-45V1 Cold leg, Spool 45, 66 ce f rom dogn- 337, 338 Data guestionable on Test
comer, vertical. 5-55-2A C

Downcamer 1.4 to 1600 a sa 1600

kg/m3 =

CD 728 Downcamer, 72 ce below cold leg 339, 340
cente r li ne. 5 (body) reages 30'
to 3300

CD-2605 Downconer, 260 ce below cold les hl, %2
cent er li ne. 5 (body) ranges 300
to 3300

CD-4%8 Downconer, 4% ce below cold leg 34 3, % 4
center a se.e . B (body) ranges 30*
to 3308

Ves se l 1.4 to 1600 0 to 1600

kg/m3 kg/m3

CV-528-588 Vessel lower head, 528 ce below cold 345, 346
les centerline, at 158 to 188 ce

below cold les centerline at 1650

CV-502-A8 At bottoo of core heated length, 347 %8 ;
502 ce below cold les centerline
betwees beater rod Coluente A and B.

CV- 38 3-2 3 Lower part of core heated length, Detector f ailed ei Tests 5-SB-2 and
'

183 ce below cold les centerline S -5 5- 2A .
between heater red Rows 2 and 3.

CV- 32 3- u near center of core heated length, MT. 350
323 ce below cold les centerline
betwe*e heater rod Coluene A and 8.

CV- 313-23 pear center of core heated length, 351. 352
31) ce below cold les centerline
between bester rod Rows 2 and 3.

Cu 24 3-2 3 Upper part of core heated length, 353, 3 %
243 re below cold les centerline
between heater rod tows 2 and 3.

CV-464-As near top of core bested length, 355. 356
164 re betov cold les centerlina
between heater rod Ceteruna A and S.

CV-154-2 3 Wear top of core heated length, 357, 358
!$4 ce below cold leg centerline
between heater rod Rows 3 and 3. I

O i

CV-Il Vessel at base of core flow instew- Detec tor f ailed on Teste S-$5-2 and |eent housing,11 ce below cold les 5-85- 2A .
centerline.

Cve 339 Wesset at top of control rod goide 359, 360
t ube , 339 ce above coid leg

|center line .
I

O
svel74 Wessel at top of core support t ube , 361, 362

,

174 cm above eeld les centerline. |
|

4

1
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TABIE 4e (continued)
*

Dat a Ae g;st e t}t s_n,o,,4 e_nge
a a 4

4'****'***E
- df".El** **4_ST*31.._ k*f.'lE l_ ._._5 plee ,_,,,,, J,gne Mras semt Luont e

. . . .
?

1.4 to IgDO
P._re_s_e ar s s.e_r_ g-

41 -FR I ZE Pts esut iser ear te t i me. 16 1 >$4 11

PLASS FLOW" ~ ~ ' ~ ~ ~ ~
Mase flow rate obtstned by combtna ng Ran ge f or essaRA T E

densit y (gasuna at ten.aat t on technique ) f low a s deter-
wit h volumet r ic flow rate (t rba ne eined f rom ranges

f lowme t er ) , er enoest ue fles (dr og of an16eidaat de-
ec reen ). tectors used in

calcul at t oa
e

lat er t 1;oog

F I- 8, G1-(C Rot !* g , S poo l 1. 16 1 66

F1-l6, Cl-66Vt Cold leg, Spoo? 16. 36 P . 2 ,8

11 !F, G1-17C Gold leg. Spool 17, 30 9 , 370

B rok en ,Laof

FB 20, GS-20Vs not leg. Spool 20. 171, 312

171. 174ma-Jo, ca-2ava

lis Te s t 5-sa-2 onlvFG-40, GB-40Va Cold leg, spool 40.

176 Test S-58-2 onl y .
EB-4 4, C5-41C Cold leg. Spool 41.

177 s/SF5-43, GB-4%VR Cold leg, spool 4%.
3799B-4% , LB-4)VR

?dl?1
FD-424, GD-4463 Bownc oner s net rumented spool piece 160 , 181

Ve s se l

382 16 3FVe 6 GV-1 ke-21 13p of care heated length.

184 Te s t 3 -55-2A onl y
NY-4 f 9. CV-102-A B Cote s olet.

C_D_R_E_C_H_A_R.A.,C_T_E R.I_S_T.I.CS.
-

% ' .6 %~!.*** '..*'.**

AM -M 1 Lat e asper age . O to 13 00o A 0 to 43 010 A 16 ) , 16 6

VM-H1 Core volt ste. O t o 400 V O to 402 V 187, 388

I-Y"'J I."'

Ad- Lo Cor e emper age. O to 10 00is a 0 t o 9153 4 189 , 340

VM - Lo toe volt age. O t o e)0 V c ta *02 y 191 3+2

P"MP CHARALTERI5flCS

Int ac t 1.ao g

s t -rt'Mr Pump s peed. 177 reale ,117 r ad / s it ), 19 4

areenn
58-FifMP Peep * peed. }170 rad /* 3110 rad /s 145. 196

82 kW 20 kW 397,194
W8 -PUMP Ps =, powe r .

a atement e et the bestonieg of a seasurement cat egor y regarding locat ion and casament e , range and f igure appl y to a!! oubseqJen(eedour FeeMt f

wie nts the 34 een category unless spec i t ted otherwise.

b. Detectors which were subjected to overrange canditions during por t hans of the test were capable of withet end sag three enoJet sans ea t hout change
in operet tag er semeurtog char ac teristics when the physical condat toos were agaim withts t he det ec tor r ange,

c. Deats condation used f or calibratton check po t et did act pitid a superheated stese L t .e. known Jessit y) condations, bt r at her a saturated
one . Calibration escomplashed by assampf ten that r eeds eted stees was dry.

-_ %

e
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Figure i1. Fluid temperature in intact loop hot leg (TFI-1), from 0 to 4500 s.
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Figure 12. Fluid temperature in intact loop hot leg (RFI-2), from 0 to 4500 s.

31



r-

600 - 1 i i

Art-6 -

x S-SB-2
& S-50-2A

-

,__s.____ , . -__

I
'

550'
Th

I \. A~

\
~

N \
$ \., I -

3 -

t

Y 500. -

,a % m,x .

i._ tng ,

b+A
$ N t
b U
- -

2 N'N;
o 450.
a -

(% a
y

\

400.
O. 1000. 2000. 3000, 4000. 5000.

TIME AFTER RUPTURE isi

Figure 13. Huid temperature in intact loop hot leg (RF1-6), from 0 to 4500 s.
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Figure 14. Huid temperature in intact loop cold leg (RF1-7), from 0 to 4500 s.
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Figure 15. Fluid temperature in intact loop cold leg, Test S-SB-2A (TFI II), from 0 to 4390 s.
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Figure 16. Fluid temperature in intact loop cold leg (RF1-17), from 0 to 4500 s.
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Figure 17. Fluid temperature in intact loop cold leg (TFI-17), from 0 to 4500 s.
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Figure 18. Fluid temperature in broken loop hot leg (RFB-20), from 0 to 4500 s.
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Figure 19. Fluid temperature in broken loop hot leg (TFB-20), from 0 to 4500 s.
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Figure 20. Fluid temperature in broken loop steam generator, inlet leg (TFB-SGIL), from 0 to 4500 s.
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Figure 21. Fluid temperature in broken loop steam generator, outlet leg (TFB-SGOL), from 0 to 4500 s.
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Figure 22. Fluid temperature in broken loop cold leg, Test S-SB-2A (TFB-37B), from 0 to 4390 s.
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Figure 23. Fluid temperature in broken loop cold leg. Test S-SB-2 (TFB-40), from 0 to 4500 s.
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Figure 24. Fluid temperature in broken loop cold leg, Test S-SB-2A (TFB-40), from 0 to 4390 s.
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Figure 25. Fluid temperature in broken loop cold leg (TFB-41), from 0 to 4500 s.
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Figure 26. Fluid tempera'ure in broken loop cold leg (RFB-45), from 0 to 4500 s.
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Figure 27. Fluid temperature in broken loop cold leg (TFB-45), from 0 to 4500 s.
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Figure 28. Fluid iemperature in dow neomer, Test S-SB-2 (TFD-83), from 0 to 4500 s.
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Figure 29. Fluid temperature in downcomer, Te.;t S-SB-2A (TFD-170), from 0 to 4390 s.
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Figure 30. Fluid temperature in downeomer O FD-269), from 0 to 4500 s.
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Figure 31. Fluid temperature in downcomer (TFD-347), from 0 to 4500 s.
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Figure 32. Fluid temperature in downcomer, Test S-SB-2A (TFD-435), from 0 to 4390 s.
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Figure 33. Fluid temperature in vessel (TFV-572W), from 0 to 4500 s.
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Figure 34. Fluid temperature in vessel (TFV.1I), from 0 to 4500 s.
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Figure 35. Fluid temperature in vessel (TFV + 343Q), from 0 to 4500 s.
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Figure 37. Fluid temperature in vessel support tube Test S-SB-2A (TSFV + 148D). from 0 to 4390 s.
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Figure 38. Fluid temperature in core, Grid Spacer I (TFG-1 AB-12), from 0 to 4500 s.
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Figure 39. Fluid temperature in core, Grid Spacer 2 (TFG-2AB-23), from 0 to 4500 s.
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Figure 41. Fluid temperature in core, Grid Spacer 5 (TFG-5AB-45), from 0 to 4500 s.
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Figure 42. Fluid temperature in core, Grid Spacer 6 (TFG-6DE-34), from 0 to 4500 s.
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|

800. , , , ,

TFG-90E-45
-

t. S-SB-2A -

f,

I i

700. |--
-

-1/ '

I \
;

- ! l
x ]o

i \
w 600.<

-\
i

a i
D '

\
& Q \

~

c
w _.

S 500' - m . u ; . .
.w -

-
" " -'

e%g
NS w ,

o
-.s
u. 400.

_

.

- - a f

I I I I300.
0. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE Ist
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Figure 47. Fluid temperature in core, Grid Spacer 10 (TFG-10DE-12), from 0 to 4500 s.
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Figure 51. Fluid temperature in intact loop steam generator steam dome, secondary side (TF1-SD), from
0 to 4500 s.
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Figure 52. Fluid temperature in intact loop steam generator, secondary side (TFI-SS30), from 0 to 4500 s.
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Figure 53. Fluid temperature in intact loop steam generator, secondary side, Test S-SB-2A (TFI.SS61),
from 0 to 4390 s.
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Figure 57. Fluid temperature in broken loop steam generator, secondary side, Test S-SB-2A (T FB-SS85),
from 0 to 4390 s.
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Figure 59. Fluid temperature in broken loop steam generator, secondary side, Test S-SB-2A (TFB-SS734),
from 0 to 4390 s.
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Figure 61. Fluid temperature in bi oken loop steam generat or, steam dome (TFB-SD i l43), from 0 to 4500 s.
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Figure 62. Fluid temperature in broken loop steam generator, secondary side dow neomer (TFB-SGD762),
from o to 4500 s. -

56

--



620.o - > >

TFI-PAIZE -

x S-SB-2
a s-SB-24

-

|
' h

M.
6 h-

,

C TR~ ' qM
E Xi .

,

S. %'

g 580. -

,

e i %' .

5 i '%
h s.

560. N
$ 5

540. '

O. 1000. 2000. 3000. 4000, 5000.
TIME AFTER RUPTURE isi

Figure 63. Fluid temperature in intact loop, pressurizer (TFI PRIZE), from 0 to 4500 s.
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Figure 64. Material temperature in intact loop hot leg (TMI-lT), from 0 to 4500 s.
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Figure 65. Material temperature in intact loop cold leg, Test S-SB-2A (TMI llT), from 0 to 4390 s.
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Figure 66. Material temperature in intact loop cold leg (TMI-17T), from 0 to 4500 s.
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Figure 67. Matcrial temperature in broken loop hot leg (TMB-20B), from 0 to 4500 s.
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Figure 68. Material temperature in broken loop cold leg, Test S-SB4 ,(TMB-37T), from 0 to 4390 s.

59



550.,y i "

T it TMB-407
,_

\ a 5-SB-2A
~

i i

k,
..

''
500.

-

.

4

h
M4h-6

,
'-

450.
M 4 4 .

,w
a ! p_ i-<, j ,
- --

y , , 1
-

;a - - m
'' I ! -

._ , _ y. L._,,__
! !_

a '

400*
-i a L u E! ! l 3 1 1 4_, 1

- --

w

- !_. J._p_
. 1_,

? ! i t I ! I P1 I i
~

1 !

U | ~t h, Yb [i1 P- i i -- !;
y 3 I t , i i r is ,

j 350. :- y y i j j i j

INw I 1 I
rw i

-

:--
. _ ma -~ I

d . I I NY,N
*-

^*
i .

. I I i i i i
~' 1

:
~

i
r 300. j j ! , ,

. . t -

. _ , _1 i

250.
C. 1000. 2000, 3000 40:0. 5000.

?!ME ArtED PvP'uPE <s.

Figure 69, blatcrial temperature in broken loop cold leg. ' 'st S-SB-2A (Th1B-40T). from 0 to 4390 s.
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Figure 71. h1aterial temperature in dow neomer, Test S-SB-2A (Th1D 18F), from 0 to 4390 s.
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Figure 73. Material temperature in downcomer Test S-SB-2A (TMD-152), from 0 to e390 s.
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Figure 75. Material temperature in dow neomer (TM D-294), from 0 to 4500 s.
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Figure 76. Material temperature in downcomer (TM D-364), from 0 to 4500 s.
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Figure 79. Material temperature in dowr. comer insulator (TIMD-83), from 0 to 4500 s.
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Figure 80. Material temperature in downcomer, Test S-SB-2A (TIMD-152), from 0 to 4390 s.
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Figure 81. Material temperature in downcomer, Test S-SB-2A (TIMD-1701, from 0 to 4390 s.
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Figure 82. Material temperature in downcomer, Test S-SB-2A (TIMD-269), from 0 to 4390 s.
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Figure 83. Material temperature in downcomer insulator (TIMD-294), from 0 to 4500 s.
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Figure 87. Material temperature on vesselinsulator (TIMV + 572W), from 0 to 4500 s.
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Figure 91. Material temperature in broken loop steam generator tube (TMB-SGT31), from 0 to 4500 s.

550. , i i i

# "% TMB-SGT245 [
< r 1 b S-SB-2A

_%-y i i i
( i i |525. %

__

%
_

N ~ i
.

,= +g- - - -

\
~

500.
W
a 1
a \
r N* -F Aa 475.g y
a '

r
-Iw

__I~

a 450
<e __

-

a
w
>=

5- 425.

.

<

400, ;

0. 1000 2000. 3000. 4000, 5000.

TIME AFTER RUPTURE ist

Figare 92. Materialtemperatureinbrokenloopsteamgeneratortube, Test S-SB 2A(TMB-SGT245),from
0 to 4390 s.

71



550. ' ' ' ' '

* TMB-SGT429
-.

A*
, r T \ x S-SB-2

-

a S-SB-2A
-

, r 3 -

AN_
525. % %

w N
.

-
. NA --s -

. . . .-;
..

M
" \^%-

500. T \w
't 4a - N. N3

y ' \; *s< 12 4~5.w N
(1 T
r

-1w
_ _ _ _ .

I~
__

\''
a 450.

i.*
i-

a
w
w

$ 425.

400.
O. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE i st

Figure 93. hiaterial tempe, tt.re in broken loop steam generator tube (Th1B-SGT429), from 0 to 4500 s.

550. ' ' ' ' '

TMe-SGT734
-

, a S-SB-2A -

? " %
.I * t,

7 s .525. g
_

+-

C
x '
~ %

^ %.
%w "

F 500 %.

\4
\4

e A -w
-. \.

w 475. A
'

i \,

'4 1
_ >-, *
c
w

,* 450.<
r

.

425.
O. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE (si

Figurc 94. hla*.crialtemperatureinbrokenloopsteamgeneratortube, Test S-SB-2A(Th1B-SGT734),from
0 to 4390 s.

72

i



600. 1> '

-

TH-e3-40
~

a S-se-2A -

'v6 3 3

550. '""

,

* *
I\-

.I y
w %a L
3 % L500.g - qq

. a
,

*%m%%g
~

W "

.

r ,Nw
.-. I ' N450.

, w
w
>-
<
w -

* -
|

I Iw 400.
a ;

O
-

u

i e

350.
O. 1000, 2000. 3000, 4000. 5000.

TIME AFTER AUPTURE isi

Figure 95. Core heater temperature, Test S-SB-2A, Rod B-3 (Til-B3-40), from 0 to 4390 s.
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Figure %. Core heater temperature, Rod B-3 (TH B3-180), from 0 to 4500 s.
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Figure 97. Core heater temperature Test S-SB-2A, Rod B-3 (TH-B3-190), from 0 to 4390 s.
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Figure 99. Core heater temperature, Rod B-3 (Tii-B3-353), from 0 to 4500 s.
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F.gure 100. Core heater temperature, Rod C-2 (Tii-C2-08), from 0 to 4500 s.
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Figure 101. Core heater temperature, Test S-SB-2A, Rod C-2 (TH-C2-180), from 0 to 4390 s.
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Figure 102. Core heater temperature. Test S-SB-2A, Rod C-2 (TH-C2-277), from 0 to 4390 s.

76



800.
_ ! ~

tw-c2-321
x S-SB-2 -

A S-SB-2A _

s

'5 '
700.

1 4 i ! !-
, '* / \ !

'~

l \ !
w -

1 i
I ia

3 / ! .', I i'

- 600. :

1 !< 1 I -
,

i i ! i
' E i lL _

%dC i i I i I i'* 'a

5 N I i i i i
'

i

- Nh. i ; i i i i ! i i i

500. - - --

&
_ _ ._ , , ,i ,

-

y g
---- _ _

"-'

NS<
w i a

i i ~|i* ~

w 400,
a
o
o

I

!
300.

0. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE ist

Figure 103. Core heater temperature, Rod C-2 (TH-C2-321) from 0 to 4500 s.
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Figure 104. Core heater temperature, Rod C-3 (TH-C3-49), from 0 to 4500 s.
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Figure 105. Core heater temperature, Rod C-3 (Til-C3-Il5) from 0 to 4500 s.
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Figure 107. Core heater temperature Test S-SB-2A, Rod D-2 (TH D2-254);from 0 to 4390 s.
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Figure 108. Core heater temperature Rod D-2 (TH-D2-323', f rom 0 to 4500 s.
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Figure 109. Core heater temperature, Rod D-3 (TH-D3-71), from 0 to 4500 s.
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Figure 111. Core heater temperature, Rod D-3 (TH-D3-206), from 0 to 4500 s.
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Figure 114. Core heater temperature, Rod A-5 (Til-A5164). from 0 to 4500 s.
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Figure 115. Core heater temperature, Rod A-5 (TH-AS-179), from 0 to 4500 s.
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figure 117. Core heater temperature, Rod A-5 (Til A5-321), from o to 4500 s.
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Figure 118. Core heater temperature. R od 11 1 (Til-B1-321), from 0 to 4500 s.
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Figure 119. Core her.tsr teinperature, Rod D-1 (TH-DI-05), from 0 to 4500 s.
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Figure 120. Core heater temperature, Rod D-1 (TH-DI-131), from 0 to 4500 s.
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Figure 121. Core heater temperature, Rod D-1 (Til-DI-163), from 0 to 4500 s.
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Figure 122. Core heater temperature, Test S-Sil-2A, Rod D-1 (TH-DI-178), from 0 to 4390 s.
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Figure 123. Core heater temperature, Rod D-1 (TH D1251), frc, J to 4500 s.
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Figure 124. Core heater temperature Test S-SB-2, Rod D-5 (TH-D5-II), from 0 to 4500 s.
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Figure 125. Core heater temperature, Rod D-5 (Til D5-137), from 0 to 4500 s.
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88



.

900. ' ' '

TH-05-254 I.
x S-SB-2
a S-58-2A

~

._

800. fg
/ I_

* _..

g /
. - .-

- I

u 700. I
a I
3 i<

*
1<

e a
a y- --
a 600.
-

y L .

k
._ .___

.._

n ~c
'

g N..
'C4u _" 500. -

- - : :
y _ c,a# & . _.._- --

-_ _ _ ,g
- -
ay

2
_

g_

(w
a 400.O
U

., .._

'300.
O. 1000. 2000. 3000. 4000. 50') .>

TIME ArTER RljpTURE isi

Figure 127. Core heater temperature, Rod D-5 (TH-D5-254), from 0 to 4500 s.
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Figure 128. Core heater temperature, Rod E-l (TH-El-164), from 0 to 4500 s.
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Figure 129. Core heater temperature, Rod E-1 (TH El-180), from 0 to 4500 s.
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Figure 130. Core heater temperature, Rod E-1 (TH-El-252), from 0 to 4500 s.
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Figure 131. Core heater temperature, Rod E-1 (TH-El-321), from 0 to 4500 s.
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Figure 133. Core heater temperature, Rod E-2 (Til-E2-180), from 0 to 4500 s.
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Figure 134. Core heater temperature, Rod E-2 (Til-E2-190), from 0 to 4500 s.
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Figure 135. Core he. iter temperature, Rod E-2 (TH.E2-227), from 0 to 4500 s.
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Figure 136. Core heater temperature, Rod E-2 (TH-E2-353), from 0 to 4500 s.
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Figure 137. Core heater temperature, Rod E-3 (Til-E3-72), from 0 to 4500 s.
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Figure 139. Core heater temperature, Rod E-3 (TH-E3-207), from 0 to 4500 s.
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Figure 143. Core heater temperature, Test S-SB-2, Rod E-4 (Tii-E4-109), from 0 to 4500 s.
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Figure 144. Core heater temperature, Test S-SB-2, Rod E-4 (Til-E4180), from 0 to 4500 s.
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Figure 149. Core heater temperature, Rod E-5 (TH-E5-227) from 0 to 4500 s.
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Figure 151. Pressure in intact loop cold leg (PI-16), from 0 to 4500 s.
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Figure 152. Pressure in intact loop cold leg (PI-17AL), from 0 to 4500 s.
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Figure 153. Pressure in broken loop cold leg, Test S-SB-2A (PB-40), from 0 to 4390 s.
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Figure 154. Pressure in broken loop cold leg (PB-41 L), trom 0 to 4500 s.
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Figure 155. Pressure in broken loop cold leg (PB-45A), from 0 to 4500 s.
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Firure 156. Pressure in vessel upper plenum, Test S-SB-2 (PV-13), from 0 to 4500 s.
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Figure 157. Pressure in intact loop ECC injection accumulator (PI-ACC3), from 0 to 4500 s.
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Figure 158. Pressure in broken loop ECC injection accumulator (PB-ACC2), from 0 to 4500 s.
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Figure 159. Pressure in intact loop steam generator, secondary side steam dome (PI-SD), from 0 to 4500 s.
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Figure 160. Pressurein brokenloopsteamgenerator,secondarysidesteamdome(PB-SD),from0to4500 s.
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Figure 161. Pressure in pressurized steam dome (PI-PRIZE), from 0 to 4500 s.
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Figure 162. Pressure in broken loop pressure suppression tank, Test S-SB-2A (PB-PSS), from 0 to 4390 s.
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Figure 163. Differential pressure in intact loop, Test S-SB-2 (DI-13V-1 A), from 0 to 4500 s.
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Figure IM. Differential pressure in intact loop, Test S-SB-2A (DI-13V-1 A), from 0 to 4390 s.
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Figure 165. Differential pressure in intact loop, Test S-SB-2 (DI-l A-6), from 0 to 4500 s. ]
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Figure 166. Differential pressure in intact loop, Test S SB-2A (DI-1 A-6), from 0 to 4390 s.
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Figure 167. Differential pressure in intact loop, Test S-SB-2 (DI-6-7), from 0 to 4500 s.
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Figure 168. Differential pressure in intact loop, Test S-SB-2A (DI-6-7), from 0 to 4390 s.
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Figure 169. Differential pressure in intact loop, Test S-SB-2 (DI-6-SGI), from 0 to 4500 s.
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.

e

111

i

. . -



20.0 - 1 i

01-Suo-7 -

x S-SB-2
_

*

e 15.0 "

a
*

w
a
3 .

m
w
w 10.0
a
a

.J

$ 11 .n ..

.. e _
,

s.- , . - - . - - - - - - -

z -

w
a 5.0
w 1

k i
"

l, .-_

a

0.0
0, 1000. 2000, 3000. 4000. 5000.

TIME AFTER RUPTURE ist

Figure 172. Differential pressure in intact loop, Test S-SB-2 (DI-SGO-7), from 0 to 4500 s.
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Figure 174. Differential pressure in intact loop. Test S-SB.2 (DI-7-9), from 0 to 4500 s.
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Figure 179. Differential pressure in intact loop, Test S-Sil-2 (DI-13-15) from 0 to 4500 s.
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Figure 181. Differential pressure in intact loop, Test S-SB-2 (DI 15-17A) from 0 to 4500 s.
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Figure 182. Differential pressure in intact loop. Test S-SB-2A (DI 15-17A), from 0 to 4390 s.
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Figure 183. Differential pressure in intact ioop, Test S-SB-2(DI 17A-DIA). from 0 to 4500 s.
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Figure 184. Differential pressure in intact loop. Test S-SB-2A (DI-17A-DIA), from 0 to 4390 s.
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Figure 185. Differential pressure in broken loop, Test S-SB-2 (DB-13V-20B) from 0 to 4500 s.
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Figure 186. Differential pressure in broken loop, Test S-SB-2A (DB-13V-20B), from 0 to 4390 s.
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Figure 187. Differential pressure in broken loop, Test S-SB-2 (DB-20B-21) from 0 to 4500 s.
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Figure 188. Differential pressure in broken loop, Test S-SB-2A (DB-20G-21) from 0 to 4390 s.
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Figure 189. Differential pressure in broken loop, Test S-SB-2A (DD-21-27A), from 0 to 4390 s.
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Figure 190. Differential pressure in broken loop Test S-SB-2 (DB-21-SGI), from 0 to 4500 s.
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Figure 191. Differential pressure in broken loop, Test S-SB-2A (DB-21-SGI), from 0 to 4390 s.
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Figure 192. Differential pressure in broken loop, Test S-SB-2 (DB-SGI-3GO), from 0 to 4500 s.
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Figure 193. Differential pressure in broken loop, Test S-SB-2A (DB-SGI-SGO). from 0 to 4390 5.
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Figure 194. Differential pressure in broken loop, Test S-SB-2 (DB-SGI-SGI), from 0 to 4500 s.

200. m.

# ~

08-SGI-SGI
t. S-SB-2A --

-

150.
; __

a ___.

i
.---

G 100.
a
w
w
w
G
a

a 50.
< __

n
z
u *
&
w #v
w 0.
a f/ 1

,

i ('-

o : : : 2 : - : : - e : : : ; :

.

-50.
O. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTUAE ist

Figure 195. Differential pressure in broken loop, Test S-SB-2A (DB-SGI-SGI), from 0 to 4390 s.
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Figure 196. Differential pressure in broken loop. Test S-SB-2 (DB-SGI-SG3). from 0 to 4500 s.
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Figure 197. Differential pressure in broken loop, Test S-SB-2A (DB-SGI-SG3), from 0 to 4390 s.
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Figure 198. Differential pressure in brolen loop, Test S-SB-2 (DB-SGI-SG2). from 0 to 4500 s.
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Figure 199. Differential pressure in broken loop Test S-SB-2A (DD-SGl SG2), from 0 to 4390 s.
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Figure 200. Differential pressure in broken k>op, Test S-SB-2 (DB-SG2-SG3), from 0 to 4500 s.
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Figure 201. Differential pressure in broken loop, Test S-SB-2A (DB-SG2-SG3), from 0 to 4390s.
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Figure 202. Differential pressure in broken loop, Test S-SB-2 (DB-SG3-SGO), from 0 to 4500 s.
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' Fgure 203. Differential pressure in broken loop, Test S-SB-2A (DB-SG3-SGO), from 0 to 4390 s.
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Figure 204. Differential pressure in broken loop. Test S-SB-2 (DB-SGO-27A). from 0 to 4500 s.
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Figure 205. Differential pressure in broken loop. Test S-SB-2A (DB-SGO-27A), from 0 to 4390 s.
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Figure 206. Differential pressure in broken loop. Test S-SB-2 (DB-27A-28), from 0 to 4500 s.
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Figure 207. Differential pressure in broken loop, Test S-SB-2A (DB-27A-28), from 0 to 4390 s.
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Figure 208. Differential pressure in broken loop, Test S-SB-2 (DB-28-29), from 0 to 4500 s.
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Figure 209. Differeritial pressure in broken loop, Test S-SB-2A (DB-28-29), from 0 to 4390 s.
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Figure 210. Differential pressure in broken loop. Test S-SB-2A (DB-37A-29), from 0 to 4390 s.
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Figure 211. Differential pressure in broken loop, Test S-SB-2 (DB-29 40B), from 0 to 4500 s.
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Figure 212. Differential pressure in broken loop Test S-SB-2A (DB-29-40B), from 0 to 4390 s.
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Figure 213. Differential pressure in broken loop. Test S-SB-2 (DB-40B-45A), from 0 to 4500 s.

30.0
, , , , 1

DB-408-45A -

A S-SB-2A
_

e 20.0
a
I

w
E
o
m
M
w 10.0
E
a
J
4

*-

g! .

.

|1a 0.0 7 : : _ _ _ , . - -, . . _ , ,

a
k

Q

.

-i0.0
0. 1000 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE ist

Figure 214. Differential pressure in broken loop. Test S-SB-2A (DB-40B-45A), from 0 to 4390 s.
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Figure 215. Differential pressure in broken loop, Test S-SB-2 (DB-45A-DI A), from 0 to 4500 s.
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Figure 216. Differential pressure in broken loop, Test S-SB-2A (DB-45A-DIA), from 0 to 4390 s.
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Figure 217. Differential pressure in dow ncomer, Test S-SB-2 (DD-DI A 13V), from o to 4500 s.
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Figure 219. Differential pressure in downcomer, Test S-SB-2 (DD-DIA.170), from 0 to 4500 s.
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Figure 220. Differential pressure in downcomer, Test S-SB-2A (DD-DIA-170), from 0 to 4390 s.
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Figure 221. Differential pressure in downcomer. Test S-SB-2 (DD-DI A-578), from 0 to 45m, ?.
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Figure 222. Differential pressure in downcomer, Test S-SB-2A (DD-DI A-578), from 0 to 4390 s.
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Figure 223. Differential pressure in downeomer, Test S-t.d-2 (DD-170-435), from 0 to 4500 s.
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Figure 224. Differential pressure in dow ncomer, Test S-SB-2A (DD-170-435), from 0 to 4390 s.
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Figure 225. Differential pressure in dow neomer, Test S-SB-2 (DD435-578) from 0 to 4500 s.
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Figure 226. Differential pressure in downcomer, Test S-SB-2A (DD-435-578), from o to 4390 s.
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Figure 227. Differential pressure in downcomer, Test S-SB-2 (DV-578-501), from 0 to 4500 s.
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Figure 228. Differential pressure in downcomer. Test S-SB.2A (DV-578-501), from 0 to 4390 s.
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Figure 229. Differential pressure in vessel, Test S-SB-2 (DV-501442), from 0 to 4500 s.
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Figure 230. Different al pressure in vessel, Test S-SB-2A (DV-501-442) from 0 to 4390 s.i
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Figure 231. Differential pressure in vessel Test S-SB-2 (DV-501-105), from 0 to 4500 s.
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Figure 232. Differential pressure in vessel, Test S-SB-2A (DV-501-105), from 0 to 4390 s.
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Figure 233. Differential pressure in vessel, Test S-SB-2 (DV-442-278), from 0 to 4500 s.
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Figure 234. Differential pressure in vessel, Test S-SB-2A (DV-442-278), from 0 to 4390 s.
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Figure 235. Differential pressure in vessel, Test S-SB-2 (DV-278-154), from 0 to 4500 s.
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Figure 236. Differential pressure in vessel, Test S-SB-2A (DV-278-154), from 0 to 4390 s.
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Figure 237. Differential pressure in vessel, Test S-SB-2 (DV-154-105), from o to 4500 s.
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Figure 238. Differential pressure in vessel, Test S-SB-2A (DV.154-105), from 0 to 4390 s.
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Figure 239. Differential pressure in vessel, Test S-SB-2A (DV-154 + 154), from 0 to 4390 s.
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Figure 240. Differential pressure in vessel, Test S-SB-2 (DV-105-13V), from 0 to 4500 s.
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Figure 241. Differential pressure in sessel, Test S-SB-2A (DV-105-13V), from 0 to 4390 s.
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Figure 242. Differential pressure in vessel, Test S-SB-2 (DV + 421 + 154), from 0 to 4500 s.
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Figure 243. Differential pressure in vessel, Test S-SB-2A (DV + 421 + 154), from 0 to 4390 s.
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Figure 244. Differential pressure in vessel, Test S-SB-2 (DV + 135-13), from 0 to 4500 s.
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Figure 245. Differential pressure in vessel, Test S-SB-2A (DV + 135-13). from 0 to 4390 s.
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Figure 246. Differential pressure in intact loop ECC injection accumulator Test S-SB-2 (DI-ACC3-LL),
from 0 to 4500 s.
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Figure 248. Differential pressure in broken loop ECC injection acc imulator, Test S-SB-2 (DB-ACC2-LL),
from 0 to 4500 s.
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Figure 250. Differential pressure in intact loop steam generator, secondary side, liquid level, Test S-SB-2
(DI-SG-LL), from 0 to 4500 s.
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Figure 251. Differential pressure in intact loop steam generator, secondary side, liquid level, Test S-SB-2A
(DI-SG-LL), from 0 to 4390 s.
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Figure 252. Differential pressure in intact loop r.eam generator, feedwater line, Test S-SB-2A
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Figure 253. Differentialpressureinintactloopsteamgenerator,dischargeline, Test S-SB-2(DI-SG-OUT),
from 0 to 4500 s.
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Figure 255. Differential pressure in broken loop steam generator, secondary side, liquid level, Test S-SB-2
(DB-SG-LL), from 0 to 4500 s.
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Figure 256. Differential pressure in broken loop steam generator, secondary side, liquid level. Test S-SB-2A
(DB-SG-LL), from 0 to 4390 s.
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Figure 257. Differential pressure in broken loop steam grnerator, feedwater line, Test S-SB-2
(DB-SGFEED), from 0 to 4500 s.

10.0
, , , , ,

DB-SGFEED
~

& S-SB-2A
_

_

5.0
-

e
a : . : : : : . :. : : :. : : : : :. :- :1*
- 0.0 -I

w
G
3 !w t

m
w -5.0
C
a

_J
<
; -10.0
z
We a
w
k

b -15.0
0

.

-20.0
0 1000. 2000, 3000. 4000 5000.

TIME AFTER RUPTURE ist
'

- Figure 258. Differential pressure in broken loop steam generator, feedwater line, Test S-SB-2A
(DB-SGFEED), from 0 to 4390 s.
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Figure 259. Differential pressure in pressurizer, liquid level, Test S-SB-2 (DI-PR-LL), from 0 to 4500 s.
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Figure 260. Differential pressure in pressurizer, liquid level, Test S-SB-2A (DI-PR-LL), from 0 to 4390 s.
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Figure 261. Differential pressure in pressurizer, Test S-SB-2A (DI-PR-4), from 0 to 4390 s.
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Figure 262. Volumetric Flow rate in intact loop hot leg, Test S-SB-2 (F1-1), from 0 to 4500 s.
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Figure 263. Volumetric Flow rate in intact loop hot leg, Test 3-SB-2A (FI-l), from 0 to 4390 s.
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Figure 264. Volumetric Flow rate in intact loop cold leg. Test S-SB-2 (F1 il), f rom 0 to 4500 s.
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Figure 265. Volumetric Flow rate in intact loop cold leg, Test S-SB-2A (F1-ll), from 0 to 4390 s.
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Figure 266. Volumetric Flow rate in intact loop cold leg, Test S-SB-2 (FI.16), from 0 to 4500 s.
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Figure 267. Volumetric Flow rate in intact loop cold leg, Test S-SB-2A (FI-16), from 0 to 4390 s.
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Figure 268. Volumetric Flow rate in intact loop cold leg, Test S-SB-2 (FI-17), from 0 to 4500 s.
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Figure 269. Volumetric Flow rate in intact loop cold leg Test S-SB-2A (FI-17), from 0 to 4390 s.

163



5.0 , i 1 i i

FB-20
X S-SB-2

_

4.0

'

e
w

: 3.0 -

w
>-
< *

G
2.0r

o >
'J
Ik

$O
1.0-

a fi
>- r

W \r
o ) '

' - ' - ~ ~ ~ " '" " " ~ ~ ~ ~ 'o 0.0
>

,

-1.0
0. 1000. 2000. 3000. 4000 5000.

TIME AFTER RUPTURE ts)

Figure 270. Volumetric Flow rate in intact loop hot leg, Test S-SB-2 (FB-20), from 0 to 4500 s.
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Figure 271. Volumetric Flow rate in intact loop hot leg, Test S-SB-2A (FB-20), from 0 to 4390 s.
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Figure 272. Volumetric Flow rate in broken loop coldleg, Test S-SB-2 (FB-37), from 0 to 4500 s.
;

!

5.0
i i 1 1 1

- : ~

!
rB-37

a 5-SB-2A -

!

Id0
11!

; lli
gs

<

f|f]
'lly 3.0
f

5 M
I l1

O rL |

J
T' 2.0 |j; ,

; M i lin i 11,

a j Mt I a i

C k*
N' I'

; r
i a g i I 9

] 1.0 , L
t

_

g g igj

4 i f X HES
ri ' '

| T'
* '

Ji
'

j .

L,
._ , , L ILL W "

O.0 -- - - -- -- - -

O. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE ts)

Figure 273. Volumetric Flow rate in broken loop cold leg, Test S-SB-2A (FB-37), from 0 to 4390 s.
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Figure 274. Volumetric Flow rate in broken loop cold leg. Test S-SB-2A (FB-40), from 0 to 4390 s.
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Figure 275. Volumetric Flow rate in broken loop cold leg, Test S-SB-2 (FB-45), from 0 to 4500 s.
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Figure 276. Volumetric Flow rate in downcomer, Test S-SB-2 (FD-424), from 0 to 4500 s.
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Figure 277. Volumetric Flow rate in downcomer, Test S-SB-2A (FD-424). from 0 to 4390 s.
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Figure 278. Volumetric Flow rate in vessel upper plenum, Test S-SB-2 (FV + 1), from 0 to 4500 s.
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Figure 279. Volumetric Flow rate in vessel upper plenum, Test S-SB-2A (FV + 1), from 0 to 4390 s.
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Figure 280. Volumetric Flow rate in upper head heat-up by-pass line, Test S.SB-2 (FV-U H-DC), from 0 to
4500 s.
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Figure 281. Volumetric Flow ratein upper head heat-up by-passline, Test S-SB-2A (FV-UH DC), from ito
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Figure 284. Calculated Volumetric Flow rate from measurement DI-ACC3 LL in intact loop ECC
accumulator, Test S-SB-2 (F1-ACC3-DP), from 700 to 4500 s.
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Figure 285. Calculated Volumetric Flow rate from measurement DI-ACC3-LL in intact loop, ECC
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Figure 286. Volunietric Flow rate in broken loop high pressur-injection system, Test S-SU-2 (FB-HPIS),
from 0 to 4500 s.
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Figure 288. Calculated Volumetric Flow rate from measurement DB-ACC2-LL in broken loop, ECC
accumulator, Test S-SB-2 (FB-ACC2-DP). from 700 to 4500 s.
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Figure 290. Volumetric Flow rate in intact loop, pressurizer surge line, Test S-SB-2 (1-1-PRIZE), from 0 to
4500 s.
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Figure 292. N1omentum flux in broken loop hot leg, Test S-SB-2 (NB-20), from 0 to 4500 s.
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Figure 293. h1omentum flux in broken loop hot leg, Test S-SB-2A (NB-20), from 0 to 4390 s.
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Figure 294. h1omentum flux in broken loop cold '.eg. Test S-SB-2 (NB-41), from 0 to 4500 s.
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Figure 295. h1omentum flux in broken loop cold leg. Test S-SB-2A (NB-41). from 0 to 4390 s.
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Figure 296. Momentum flux in broken loop cold leg, Test S-SB-2 (NB-45), from 0 to 4500 s.
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Figure 297. Momentum flux in broken loop cold leg, Test S-SB-2A (NB-45J, frem 0 to 4390 s.
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Figure 298. Momentum flux in core outlet. Test S-SB-2 (NV-9), from 0 to 4500 s.

12.5 - 1 i , 1

NV-9 [ I

A S-SB-2A
_ i

10.0

_ 7.5
m
*

%

E.
o 5.0 ,x -

y _

u |" '
2.5 ii

u i
.

\

\
' '

0.0 2 - - - . . - - - - - -- e - - : - e - - -,

|
* 1

~2.5 |
' '

0. 1000. 2000. 3000. 4000. 5000.
- - TIME AFTER RUPTURE ist

Figure 299. Momentum flux in core outlet, Test S-SB-2A (NV-9), from 0 to 4390 s.
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Figure 301. Momentum flux in vessel support tube, Test S-SB-2 (N1SV + 153D), from 0 to 4500 s.
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Figure 302. Momentum flux in vessel support tub:, Test S-SB-2A (MSV + 153D), from 0 to 4390 s.
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Figure 303. Momentum flut in vessel support tube. Test S-SB-2 (MSV + 153Q), from 0 to 4500 s.

0.020 , ,,

sh!!a

0.015

n
-

,

h
_ 0.010 ._ ;

~
.

. .

i.
~~

E l 1 i l' ' l'. I

E 0.005 . ![ ij, I l'

f ;
"

u_ ,

'i,d ji_ i@9 p i

i y , -
1, ,ar

0.000
ret r wiri j ,

> w-

-0.005

i
'

e ;

I-0.010
0. 1000. 2000. 3000. 4000 5000.

TIME AFTER RUPTURE tst
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Figure 305. Momentum flux in vessel guide tube. Test S-SB-2 (MGV + 330), from 0 to 4500 s.
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Figure 306. Momentum flux in vessel guide tube Test S-SB-2A (MGV + 330), from 0 to 4390 s.
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Figure 307. Density in intact loop hot leg, Test S-SB-2 (GI-IT), from 0 to 4500 s.
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Figure 308. Density in intact loop hot leg, Test S-SB-2A (GI-IT), from 0 to 4390 s.
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Figure 309. Density in intact loop hot leg, Test S-SB-2 (GI-IB), from 0 to 4500 s.
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Figure 310. Density in intact loop hot leg, Test S-SB-2A (GI-lB), from 0 to 4390 s.
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Figure 311. Density in intact loop hot leg, Test C-SB-2 (GI-IC), from 0 to 4500 s.

1000. ,

GI-1C -

A S-SB-2A
_

750.

m '

\

b
e
I

500.>-

_.
l fi

..

~
.

T l,

N,

I
#

.. = J u l
lu, g.i

. . .250.; (;
., |,A j/ ,, , ,, ,

l'

,
"

',I ( 'T T 'iji
., .

- '1 ( 'l%a4 -- +--
A_ . m. A

.1J |
-

s -_

|
0.

O. 1000. 2000. 3000. 4000, 5000.

TIME AFTER RUPTURE Isi

Figutt 312. Density in intact loop hot leg, Test S-SB-2A (GI-IC), from 0 to 43M) s.

I

185



1000. . > i i

GI-5VR ~

s S-SB-2
_

.
750.

i

- \V
m, p \ -

A l tS'O.,

|g
,3 . , , , ,

_
, .m | I a.Ihm WW F 7', a

_

_
-

: '\

.

0
. i 'I F ilP I I1

" " '

,[ 1 P
,

i l i \ i i. h i t i I \ .| {- ",
y Lo 'l O 1 [ l,;250. 1 I \ ur

<

i \
f

0.
o, 1000. 2000. 3000 4000. 5000

TIME AFTEA auPTU9E (si

Figure 313. Density in intact loop hot leg, Test S SB 2 (GI-5VR), from 0 to 4500 s.
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Figure 315. Density in intact loop cold leg, Test S-SB-2 (GI-13T), from 0 to 4500 s.
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Figure 316. Density in intact loop cold leg, Test S-SB-2A (GI-13T), froi. s to 4390 s.
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Figure 317. Density in intact loop cold leg Test S-SB-2 (GI-13B), from 0 to 4500 s.
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Figure 318. Density in intact loop cold leg, Test S-SB-2A (GI-13B), from 0 to 4390 s.
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Figure 319. Density in intact loop cold leg, Test S-SB-2 (Gi-13C), from 0 to 4500 s.
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Figure 320. Density in intact loop cold leg, Test S-SB-2A (GI-l3C), from 0 to 4390 s.
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Figure 321. Density in intact loop cold leg,"Iest S-SB-2 (GI.16VR), from 0 to 4500 s.
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Figure 322. Density in intact loop cold leg Test S-SU-2A (GI-16VR), from 0 to 4390 s.
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Figure 323. Density in intact loop cold leg, Test S-SB-2 (Gl.17T), from 0 to 4500 s.
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Figure 324. Density in intact loop cold leg, Test S-SB-2A (Gi-17T), from 0 to 4390 s.
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Figure 325. Density in intact loop cold leg. Test S-SB-2 (GI-17B) from 0 to 4500 s.

1000. , i

GI-170 -

A S-SB-29
_

...

750.'L)

--

m
f
s

e b
500 J ]e

|
-

"
| J

II I 31

E Y & a
$

^

'\

' 'R @\ .

250'
J J. . .

h,l #
i J 4 AN

'

ila-,t L

. ..

' '

,T,l
'

i l
' ' q %Ji

. , ,gn - w --w .

.

0.1
0. 1000. 2000. 3000, 4000. 5000.

TIME AFTER AUPTURE Ist

Figure 326. Density in intact loop cold leg. Test S-SB-2A (GI-178), from 0 to 4390 s.
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Figure 327. Density in intact loop cold leg, Test S-SB-2 (GI-17C), from 0 to 4500 s.
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Figure 328. Density in intact loop cold leg. Test S-SB-2A (GI-17C), from 0 to 4390 s.
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Figure 329. Density in broken loop hot leg Test 5-SB-2 (GB-20VR), from 0 to 4500 s.
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Figure 330. Density in broken loop hot leg, Test S-SB-2A (GB-20VR), from 0 to 4390 s.
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Figure 331. Density in broken loop cold leg Test S-SB-2 (GB-40VR). from 0 to 4500 s.
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Figure 332. Density in broken loop cold leg, Test S-SB-2A (GB-40VR), from 0 to 4390 s.
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Figure 333. Density in broken loop cold leg, Test S-SB-2 (GB-41B), from 0 to 4500 s.
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Figure 334. Density in broken loop cold leg, Test S-SB-2A (GB-41B), from 0 to 4390 s.
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Figure 335. Deiisity in broken loop cold leg, Test S-SB-2 (GB41M), from 0 to 4500 s.
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Figure 236. Density in broken loop cold leg,1est S-SB-2 (GB41C), from 0 to 4500 s.
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Figure 337. Density in broken loop cold leg, Test S-SB-2 (GB-45VR), from 0 to 4500 s.
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Figure 338. Density in broken loop cold leg, Test S-SB-2A (GB-45VR), from 0 to 4390 s.
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Figure 339. Density in dow neomer, Test S-SB-2 (GD 72B), from 0 to 4500 s.
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Figure 340. Density in dow neomer, Test S-SB-2A (GD-72B), from 0 to 4390 s.
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Figure 341. Density in downcomer, Test S-SB-2 (GD-2608), from 0 to 4500 s.
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Figure 342. Density in downcomer, Test S-SB-2A (GD-260B), from 0 to 4390 s.
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Figure 343. Density in downcomer Test S-SB-2(GD-4568), from 0 to 4500 s.
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Figure 344. Density in downcomer, Test S-SB-2A (GD-456B), from 0 to 4390 s. 4
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Figure 345. Density in vessel, Test S-SB-2 (GV-528-588), from 0 to 4500 s.
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Figure 346. Density in vessel, Test S-SB-2A (GV-528-588),from 0 to 4390 s.
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Figure 347. Density in vessel, Test S-SB-2 (GV-502-AB), from 0 to 4500 s.
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Figure 348. Density in vessel, Test S-SB-2A (GV-502-AB), from 0 to 4390 s.
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Figure 349. Density in vessel, Test S-SB-2 (GV-323-AB), from 0 to 4500 r
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Figure 350. Density in vessel, Test S-SB-2A (GV-323-AB), from 0 to 4390 s.
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Figure 351. Density in vessel, Test S-SB-2 (GV-313-23), from 0 to 4500 s.
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Figure 352. Density in vessel, Test S-SB-2A (GV-313-23), from 0 to 4390 s.
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Figure 353. Density in vessel, Test S-SB-2 (GV-243-23), from 0 to 4500 s.

1000. , , i r i

I
-

Gv-243-23 -

I A S-SB-2A
_

750.
.i

m
E
s

e
x 500.
- I

A.a .a. t-Ad L
' "

*
a

5 Mik I E, .T Nii T %'"g~ , , , . ,,. r

$ I 14 @ |' l'' ' '

.- i

o FM 'l ' '' %&_aN *

250. ,

i \t i
' \ ?g

Il

.

O. 2
-

O. 1000. 2000. 3000, 4000. 5000.

TIME AFTER RUPTURE tst

Figure 354. Density in vessel. Test S-SB-2A (GV-243-23), from 0 to 4390 s.
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Figure 355. Density in vessel, Test S-SB-2 (GV-161-AB), from 0 to 4500 s.
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Figure 356. Density in vessel, Test S-SB-2A (GV-164-AB), from 0 to 4390 s.

207



-

1000. ' ''''

Gv-154-23 -

x S-SB-2
_

'

750.

I
- I

m !;

! t .

I=
s 500.
-

>-
H '

H '

:I_I O d i 1~ o al . . ,
m d.

,hy. $W '

l 'I'' 'f$ y j'' 'rt i., , ,
, , , _i..i_ _

$ '
' T ''

250' -

'^

M'

\t.. i J 1FI F

JE y\
'

p1
T |'

P
-

'
O.

O. 1000. 2000. 3000. 4000, 5000.

TIME AFTER RUPTURE ist

Figure 357. Density in vessel, Test S-SB-2 (GV-154-23), from 0 to 4500 s.

1000. '

! } } 3 |
j

-

1
Gv-154-23 -

? S-SB-2A
_.

t !

I |1
- . - . _ . _ + - --

| ! ! I I I!
50. .

| | i i lI I I
; j i 1-i!'i '

--f | j ; i--
1

m --+ : . W4---

d ! ! ! ! h'
' ! I I500

~ b _I __

C _.

~
. _ , 31

k .| .I lanONN.h h .
. as .w .

b ..h k' ' '2

8 i Mid'li '1 '
I L . .

-

'30',
gN!1j [ [Il '| ' j vrw

i 1 !

i WI< i
|W i .

O.
O. 1000. 2000, 3000. 4000. 5000.

TIME AFTEA AUPTUAE tsi

Figure 358. Density in vessel, Test S-SB-2A (GV-154-23), from 0 to 4390 s.
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Figure 359. Density in vessel, Test S-SB-2 (GV + 339), from 0 to 4500 s.
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Figure 360. Density in vessel, Test S-SB-2A (GV + 339), from 0 to 4390 s.
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Figure 361. Density in vessel, Test S-SB-2 (GV + 174), from 0 to 4500 s.
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Figure 362. Density in vessel Test S-SB-2A (GV + 174), from 0 to 4390 s.
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Figure 363. Density in intact loop pressurizer, Test S-SB-2 (GI-PRIZE), from 0 to 4500 s.
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Figure 364. Density in intact loop pressurizer, Test S-SB-2A (GI-PRIZE), from 0 to 4390 s.
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Figure 365. Mass Flow in intact loop hot leg, Test S-SB-2 (FI-l and GI-IC), from 0 to 4500 s.
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Figure 366. Mass Flow in intact loop hot leg. Test S-SB-2A (FI-I and GI-IC), from 0 to 4390 s.
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Figure 367. Mass Flow in intact loop cold leg, Test S-SB-2 (FI-16 and GI-16VR), from 0 to 4500 s.
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Figure 368. Mass Flow in intact loop cold leg Test S-SB-2A (FI-16 and GI-16VR), from 0 to 4390 s.
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Figure 369. Mass Flow in intact loop cold leg, Test S-SB-2 (FI-17 and GI-17C), from 0 to 4500 s.
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Figure 370. Mass Flow in intact loop cold leg, Test S-SB-2A (FI-17 and GI-17C), from 0 to 4390 s.
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Figure 371. Mass Flow in intact loop hot leg, Test S-SB-2 (FB-20 and GB-20VR), from 0 to 4500 s.
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Figure 372. Mass Flow in intact loop hot leg. Test S-SB-2A (FB-20 and GB-20VR), from 0 to 4390 s.
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Figure 373. Mass Flow in intact loop hot leg, Test S-SB-2 (NB-20 and GB-20VR), from 0 to 4500 s.
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Figure 374. Mass Flow in intact loop hot leg, Test S-SB-2A (NB-20 and GB-20VR), from 0 to 4390 s.

216

|



3.0 1 , , , , , , i i

F8-40,G8-40VR 2
A S-SB-2A

_

2.5

e

-

a 2.0s
_ __

,
x

,
--

_.

e 1.5
<
E _

3
IO

!d 1.0
'

,

"
m
m a, , 1 | 'I

< r ij i ) <h_
E

PI i . u I L Wi li dll J M"
,

O.5
, , Sg - s -

V Va R f, .,,'' \ ._ - u
-

r
o

w-.

'A V 1

O.0
0. 1000. 2000. 3000, 4000, 5000.

TIME AFTER RUPTURE (s)

Figure 375. Mass Flow in broken loop cold leg, Test S-SB-2A (FB-40 and GB40VR), from 0 to 4390 s..
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Figure 376. Mass Flow in broken loop cold leg, Test S-SB-2 (NB-4I and GB-41C), from 0 to 4500 s.

217



.

'

4.0 , , , , ,

FB-45,GB-45vA
-

x S-SB-2 -

3.0

e
w
m
x 2.0

w
&-
4
E

2 1.0
0
_J
u

M
m a

<
r 0.0 ,---;.7 _

_ _ __ _ . _ _ __

I

-1.0
0. 1000. 2000. 3000. 4000. 5000.

TIME AFTER RUPTURE tsi

Figure 377. Mass Flow in broken loop e .ld leg, Test S-SB-2 (FB-45 and GB-45VR) from 0 to 4500 s.
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Figure 378. Mass Flow in broken loop cold leg, Test S-SB-2 (NB-45 and GB-45VR), from 0 to 4500 s.
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Figure 379. Mass Flow in broken loop cold leg, Test S-SB-2A (NB-45 and GB-45VR), from 0 to 4390 s.
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F;gure 380. Mass Flow in dow neomer, Test S-SB-2 (FD-424 and GD-4568), from 0 to 4500 s.
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Figure 382. Mass Flow in vessel, Test S-SB-2 (FV + 1 and GV -154-23), from 0 to 4500 s.
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Figure 383. Mass Flow in vessel, Test S-SB-2A (FV + 1 and GV -154-23), from 0 to 4390 s.
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Figure 384. Mass Flow in vessel, Test S-SB-2A (NV-499 and GV-502-AB), from 0 to 4390 s.
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Figure 385. Core heater high power bus amperage (AH-lii), from 0 to 4500 s.
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Figure 386. Core heater high power bus amperage (AH-HI), from -20 to 256 s.
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Figure 387. Core heater high power tus voltage (VH-HI), from 0 to 4500 s.
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Figure 388. Core heater high power bus voltage (VH-HI), from -20 to 255 s.
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Figure 389. Core heater low power bus amperage (All LO), from 0 to 4500 s.
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Figure 390. Core heater low power bus amperage (All-LO), from-20 to 256 s.
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Figure 391. Core heater low power bus voltage (VH-LO), from 0 to 4500 s.
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Figure 392. Core heater low power bus voltage (VH-LO). from -20 to 256 s.
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Figure 393. Intact loop pump speed (SI PUMP), from 0 to 4500 s.
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Figure 394. Intact loop pump speed (SI-PUMP), from -20 to 256 s.
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Figure 395. Broken loop pump speed (SB-PUMP), from 0 to 4500 s.
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Figure 397. Broken loop pump power (WB-PUMP). from 0 to 4500 s.
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Figure 398. Broken loop pump power (WB-PUMP), from -20 to 256 s.
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APPENDIX A

DATA ACQUISITION SYSTEM CAPABILITIES

The Semiscale Mod-3 system provides for the These DDAPS have dual and single speed*

acquiring, processing, and presenting of test data, capabilities with identical storage and data output
: The test data system comprises detectors, signal limitations. The dual speed mode provides the
} conditioners, signal processors, and recording and capability of extending the recording time during a

j, display equipment. The data obtained are prin- test. The maximum measured throughput rate for
cipally recorded on an on-line digital system. the system is 24 000 words per second. This

throughput rate can be reduced in increments of'

The on-line digital system is called the digital 100 words per second. The throughput rate, the
data acquisition and processing system (DDAPS). number of data channels recorded, and the fixed
There are two separate DDAPS providing display of 920 points per graph determine the time
capability for 240 channels on DDAPS I and 120 base for displaying the data.
channels on DDAPS II. Both systems comprise
the following hardware: After the data have been stored, data reduction

can be made for presentation and analysis pur-
poses. Because of hardware limitations and

A central processing unit computer aesthetic considerations of data presentation, only*

certain time bases are used when the data are
A 256 channel multiplexer and a 12 bit reduced. For data displayed from 0 to 4500 s, the*

analog-to-digital convertor recorded data are made to occupy a 4500 s span
with an uncompressed time base of 276 s.

* A five megaword, moving head, disk unit
Generally,920 points from a given data channel

A digital, nine track 800 bit per inch, are displayed in the nominal time base of 276 s.*

magnetic tape unit Integral (1 to 20) multiples of 276 s may be used as
variations on the nominal time base. Because the

* A cathode-ray-tube terminal with a hard output is fixed at 920 points, data compression is
copy unit for subsystem control and for accomplished by averaging adjacent data points to
graphics and alphanumeric data output. give the desired compression.

.
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APPENOlX B

POSTTEST ADJUSTMENTS TO DATA FROM SEMISCALE MOD-3
TESTS S-SB-2 AND S-SB-2A

.

hiany of the transducers used in the Semiscale Corrections to differential pressure data were
Mod-3 system exhibit significant sensitivity to one made using the following equation:

' or more spurious inputs. Strain gage bridge cir-
cuits used in pressure transducers, differential

, F'(t) = F(t) + Pg P(t) (B-1),

pressure transducers, and drag discs are sensitive
to changes in ambient temperature. Differential where
pressure cells are also sensitive to changes in
system pressure. Photomultiplier tubes used as F '(t) = corrected data, kPa
gamma-ray detectors in the density transducers
are sensitive to temperature changes, as well as t

F(t) raw data (kPa)=

random variations in the locations of the radiation
sources. Core power measurements depend on a

P3 pressure sensitivity (kPa/h1Pa)=-
calibrated resistor, whose resistance changes in
value as a function of time and power level as it

P(t) - pressure data from indicated
heats up. transducer used for pressure correc-

" #"
Although the uncertainties introduced into the

data by spurious secondary inputs generally do
not exceed the specified uncertainty ranges of the Density Measurements
transducers, significant improvement in measure-
ment accuracy can be achieved if the secondary
sensitivity can be identified and removed. Since Density calculations are based on the voltage
the exact values of the spurious inputs to which output of the photomultiplier tubes in gamma-
different transducers might be sensitive cannot attenuation densitometer assemblies. The equa-
often be easily predicted and are sometimes tion used for converting voltage to density is as
inconvenient to measure, secondary effects have follows:
been accounted for by correcting the data after the
test rather than by using elaborate real time pro- p=Co + C F(t) (B-2)igrams in the data acquisition system computer.
The methods and results of the postlest data cor- where
rection ar'alysis for Tests S-SB-2 and S-SB-2A are
presented in the following paragraphs and tables, 3the density (kg/m )p =

3Differential Pressure C offset (kg/m )=o

Measurements 3Ci conversion factor (kg/m )/v=

Pressure sensitivity in the differential pressure F(t) transducer output (v).=-

*
cells in the main system loop is determined from
the pretest system pressure check. Digital data are Constants C and Cg are adjusted to match theo
recorded for all measurements at ambient final data to density values calculated from
temperature, with no flow, and a continually measured pressure and temperature values at the
increasing system pressure from 0.7 to 15.5 h1Pa. preblowdown and postdrain conditions, effec..

The output of the differential pressure cell is tively giving the data an in-place calibration.
plotted against system pressure, with the resulting These calculations are made in the hiod-3 system
plots used to describe the pressure response of the prior to initial data release and are not considered
transducer. posttest adjustments.

237



.. . .

Some density measurements are obtained using . The average density obtained by using the
a two-beam samma densitometer which operates - gamma beam geometry shown in Figure B-1 and
on the same basic principle of samma attenuation by applying the froth-water model is given by
as does the ' single-beam gamma densitometer.
Each beam ori inates from the same gamma -F g .+(1 -a )p, kg/m3source and is allowed to pass through separate p=arp r (B-3) .

portions of the piping cross-sectional flow area to
obtain an average density measurement in that where
particular region. The geometrical relationship of
the gamma beam path through the piping and F average cross-sectional density=

geometrically related variables used for processing
,

of data from a two-beam gamma densitometer are pg average density measured by the=

shown _ in Figure B-1. The average density upper beam (measures the froth
measured by each . individual gamma beam is density)
obtained using the same equation as is used for the
single-beam densitometers. pw density of liquid water (at local=

system conditions)
In the Semiscale Mod-3 system, two-beam

gamma densitometers provide information which or 1 + [l/(2 7r )] (sin S-8)= =

allows the calculation of a better average density volumetric fraction containing
than that ebtained from a single beam in a froth,

horizontal pi' c. A mathematical modelis used for<
processing the two-beam data to obtain the
?mproved average density information. The pro- The angle which S represents is shown in
cessing method used is based on a froth-water Figure B-1. Values for S are obtained as follows:
model coupled with information from the two
individual gamma beams and related beam path

S = 2 cos-I (1 - 2h) (B-4)and piping cross-sectional geometry. The resulting -

| information is recorded and reported under the
density measurement identification ending with a where4

i "C " for example, GI-17C.
cos0[P2-P lh H 2 i" =

*The use of the froth-water model for obtaining4

'

average density from a two-beam gamma den-
sitometer in a horizontal pipe is based on observa- where
tions indicating that flow regimes in the Semiscale

. Mod-3 system can be modeled by a layer of water H Ewcose (Ew and 0 are defined in=

on the bottom of the pipe with a degree of froth Figure B-1)
|on the surface. For homogeneous flow conditions,

such as all froth. or all liquid, the model remains .D piping inside diameter=

valid. At any point in time, slug flow is also
|

modeled. The froth-water model does not model p2 the average density measured by=

annular or inverted annular flows very well. the lower gamma beam.
However, these flows are not expected to exist for -
significaut portions of a Semiscale Mod-3 system *

blowdown in horizontal piping. Density gradients Average density is not calculated using the two-
from the top to the bottom of the pipe may exist beam froth-water model when the angle is not
showing no distinct location change from water to favorable due to system hardware restrictions in
froth. This flow is neither totally homogeneous positioning the. source. The froth-water model
nor strat'.'ied, but the froth-water model does pro- requires separate density sampling in both the

*

,

vide an adequate _ approximatien of the average upper and iower portions of the piping cross
density characteristic of this flow pattern. section.

I
l
!
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APPENDIX C

SELECTED DATA WITH ESTIMATED TOTAL UNCERTA!NTY
BANDS FROM ."MISCALE MOD-3 TESTS S-SB-2 AND S-SB-2A

.

Analysis has Men performed on selected data Reference C-2. They are referred to as engineering
from tests to provide a guide to the uncertainty uncertainties, and the estimates are largely subjec-
associated with data measurements in the tive. Because of the continuing effort to improve
Semiscale Mod-3 system. The end result of the the accuracy of the measured data, such as.

analysis is presented as uncertainty bands about through the use of better transducers, better signal
the measured data which represent a 95 % conditioning and processing equipment, and
confidence level. better calibration and installation techniques, the

engineering uncertainties for data from most of
The uncertainty bands are obtained by combin- the transducer systems have changed from those

ing uncertainties obtained from analysis of the published in Reference C-2. Tabh. C-2 provides a
data itself (random uncertainty) and engineering summary of engineering uncertainty values
analysis of the measurement system (engineering obtained from current analysis techniques as
uncer:ainty). The procedure by which uncertainty applied to the data presented herein.
bands were established for the data presented in
this appendix is described in the following In addition to the normal hardware and installa-
paragraphs. tion related sources of engineering uncertainty, a

significant measurement uncertainty results when
The data trace under analysis was empirically the current transducer systems are subjected to

fitted with a linear difference equation, which was separated two-phase flow regimes during the
subject to a white noise input at each sampliig course of the blowdown transient. Accordingly,
time point. The objective of the empirical fitting for those data affected (fluid density, volumetric
procedure was to characterize the white noise, flow, and mass flow), whicia are presented in this
which was taken to represent the random uncer- appendix, a more extensive assessment was con-
tainty. The procedures for fitting the difference ducted of additional engineering uncertainty due
equation are discussed in depth in Reference C-l. to flow regime effects. Table C-3 identifies the
A data trace was often segmented, and different data analyzed and the period in the blowdown
equations were fitted to each ,egment with process for which flow regime uncertainties were
statistical correlations between successive observa- included as a part of the total engineering uncer-
tions accounted for by the fitting procedure. The tainty. The time of occurrence of separated two-
white noise input was assumed to arise from a nor- phase flow and the resulting effect on the uncer-
mally distributed population. The standard devia- tainty of the data were evaluated by considering,
tion of the white noise, as found during the fitting on an individual basis, each detector output with
procedures, was taken as an estimate of the ran- reference to indications by other auxiliary
dom uncertainty standard deviation and is shown measurements.
in Table C-1 in appropriate engineering units.
(Tables are presented consecutively starting on The gamma densitometer density measurement
page 245.) The traces of the uncertainty band data are affected by two-phase separated flow
analysis are shown in Figures C-1 through C-78. regimes. The resulting transducer output is a
(Figures are presented consecutively starting on measurement of the average attenuation of the*

page 255.) gamma beam through the measured medium. The
beam attenuation, in turn, is interpreted through

Other uncertainties in the data exist because of physical relationship to be a measure of the
such factors as variability in installation pro- average density along the beam path. When

*
cedures and techniques, calibration uncertainties, stratified type flow was considered present, the
vadability in materials, and temperature and gamma beam attenuation was considered to be a
pressure sensitivities. These uncertainties and the result of a liquid layer and steam at system
procedures for estimating them are discussed in conditions.
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The flow regime uncertainties of the turbine . The uncertainty bands for the data are com-
| flowmeter were. estimated by calculating a void puted about the value given by the fitted dif-
,

fraction and the cross-sectional liquid and steam ference equation yj at time point i; that is,
| flow area for stratified flow. This calculation was

accomplished using methods similar to those used uncertainty band = yi i 1.%go. (C-2)
to calculate the average density. for stratified *

| flows. A simple model was used to equate the
forces on the turbine with the assumption of a With due regard to the fact that cE has been
known void fraction, stratified flow, known com- estimated subjectively, the uncertainty band may i

i ponent sities, and slip ratio greater than unity, be interpreted as an approximate 95% confidence
,

|- This pt ess provided phase velocities. With the interval within which any true value of the
1 phase densities, velocities, and void fraction, a measured variable is consistent with the data.

volumetric flow rate could be calculated. The dif-
ference between this value and the measured value On certain occasions, the symmetrical uncer- '

was considered to be the uncertainty. tainty band given by Equation (C-2) is not !

appropriate. On those occasions, asymmetrical }The overall standard deviation of a data point is
uncertainty bands were computed; that is, with the t

taken as the root of the sum of the random uncer-
| tainty variance and the total enginecrmg uncer- wiJth being greater on one side of yi than on the ;,

other.
| tainty variance; that is,
i

o = dof + E . (C-1) Finally, the original data trace, along with itsc
| uncertainty band fram Equation (C-2), was input
| where to a computer plot package. The resulting plot
i

.
contained the actual data trace surrounded by an

overall standard deviation of a uncertainty band derived both from randomc =o
data point . uncertainty and engineering uncertainty con-

siderations. If thermocouple dryout occurred, the

Of. s random uncertainty variance indicated uncertainty bands for the fluid
temperature measurements are invalid and should

ch cngineering unt.crtainty variance. be ignored.=
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TABLE C-1. RANDOM UNCERTAINTY STANDARD DEVIATION (TESTS S-SB-2 AND S-SB-2A)

Random Uncertainty Period of
Standard Deviation Application'

e Measurement Test UFL (s) Figure

TFI-1 S-SB-2 0.17 -20 to 255 C-1

f* S-SB-2A 0.12 -20 to 255 C-2
1

TFB-45 S-SB-2 0.25 -20 to 255 C-3

S-SB-2A 0.11 -20 to 160 C-4
0.35 160 to 255

TFD-2''9 S-SB-2 0.20 -20 to 255 C-5

S-SB-2A 0.19 -20 to 255 C-6

~

TFV-572W S-SB-2
,

0.13 -20 to 255 C-7

S-SB-2A 0.14 -20 to 255 C-8

TFG-7AB-34 S-5B-2 0.66 -20 to 25 C-9
0.48 25 to 30
0.23 30 to 255

S-SB-2A 0.38 -20 to 20 C-10
0.76 20 to 26
0.30 26 to 255

TMI-1T S-SB-2 0.13 -20 to 255 C-11

S-SB-2A 0.12 -20 to 255 C-12

TMB-45T S-SB-2 0.10 -20 to 255 C-13

S-SB-la 0.33 -20 to 255 C-14

TMB-294 S-SB-2 0.09 -20 to 255 C-15

S-SB-2A 0.11 -20 to 255 C-16

* TIMD-294 S-SB-2 0.21 -20 to 255 C-17

S-SB-2A 0.22 -20 to 255 C-18

TIMV-572W S-SB-2. 0.10 -20 to 255 C-19.,

S-SB-2A 0.10 -20 to 255 C-20

TH-C2-08 S-SB-2 0.34 -20 to 25 C-21
0.42 25 to 30
0.49 30 to 255
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TABLE C-1. - (continued)

Random Uncertainty Period of
Standard Deviation Application .

OMeasurement Test R (s) Figure

TH-C2-08 S-SB-2A 0.23 -20 to 20 C-22
(continued) 0.56 20 to 26

0.26 26 to 255 *

TH-C2-321 S-SB-2 0.71 -20 to 25 C-23
1.00 25 to 30

! 0.38 30 to 255

S-SB-2A 0.31 -20 to 20 C-24
1.11 20 to 26
0.26 26 to 255

PI-16 S-SB-2 0.02 -20 to 255 C-25

( S-SB-2A 0.01 -20 to 255 C-26
|

PB-45A S-SB-2 0.02 -20 to 255 C-27

|
S-SB-2A 0.02 -20 to 255 C-28

i
'

.PI-PRIZE S-SB-2 0.01 -20 to 255 C-29

S-SB-2A 0.01 -20 to 255 C-30

PB-SD S-SB-2 0.03 -20 to 255 C-31,

|
|

|- S-SB-2A 0.00 -20 to 255 C-32

DI-6-7 S-SB-2 13.68 -20 to 25 C-33
10.79 25 to 30
1.31 30 to 255

| S SB-2A 9.21 -20 to 20 C-34
L 12.30 20 to 26
L 4.37 26 to 255

DI-13-15 S-SB-2 17.50 -20 to 25 C2 ,

u 17.15 25 to 30
| = 5.59 30 to 255

l S-SB-2A 12.31- -20 to 20 C-36
~

| 17.55 20 to 26 -

6.18 26 to 255

DB-29-408 -S-SB-2- 13.57 - -20 to 25 C-37
8.51 25 to 30

|-
- 4.98- 30 to 255
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TABLE C-1. (continued)

Random Uncertainty Period of
Standard Deviation Application,

Measurement Test UR (s) Figure

DB-29-40B S-SB-2A 7.26 -20 to 20 C-38
(centinued) 13.47 20 to 26

4.26 26 to 255*

DD-DIA-578 S-SB-2 1.33 -20 to 25 C-39
1.16 25 to 30
0.56 30 to 255

S-SB-2A 0.67 -20 to 255 C-40

DV-501-105 S-SB-2 1.65 -20 to 25 C-41
2.14 25 to 30
0.79 30 to 255

S-SB-2A 0.89 -20 to 255 C-42

DI-SG-LL S-SB-2 0.48 -20 to 16 C-43
0.14 16 to 255

S-SB-2A 0.66 -20 to 26 C-44
0.11 26 to 255-

FI-1- S-SB-2 0.26 -20 to 255 C-45

S-SB-2A 0.10 -20 to 130 C-46
2.68 130 to 255

F1-16 S-SB-2 1.31 -20 to 61 C-47
0.86 61 to 125
0.27 125 to 225

S-SB-2A 1.07 -20 to 136 C-48
0.13 136 to 225

F1-17 S-SB-2 0.40 -20 to 127 C-49
3.86 127 to 255

..

S-SB-2A- 0.40 -20 to 121 C-50
3.86 121 to 255

FD-424 S-SB-2 0.10- -20 to 91 C-51
0.58 91 to 151-

2.47 151 to 205
0.85 205 to 235
2.47 235 to 255

S-SB-2A 0.13 -20 to 121 C-52
1.41 121 to 255
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TABLE C-1. (continued)

Random Uncertainty Period of
Standard Deviation Application .

UMeasurement Test R (s) Figure

FV+1 S-SB-2 0.14 -20 to 185 C-53
0.50 185 to 255

.

S-SB-2A 0.07 -20 to 61 C-54
0.14 61 to 255

FI-HPIS S-SB-2 14.32 -20 to 50 C-55
1.85 50 to 255

S-SB-2A 13.73 -20 to 23 C-56
6.81 23 to 255

GI-IT S-SB-2 21.87 -20 to 47 C-57
112.42 47 to 53
24.97 53 to 255

.

S-SB-2A 22.0 -20 to 255 C-58
,

GI-1B S-SB-2 21.02 -20 to 255 C-59

S-SB-2A 15.93 -20 to 124 C-60
26.79 124 to 130
14.53 130 to 255

GI-1C S-SB-2 8.59 -20 to 46 C-61
31.77 46 to 103
26.06 103 to 109,

25.68 109 to 255
,

S-SB-2A 7.63 -20 to 40 -C-62
23.35 40 to 125
39.82 125 to 131
26.75 131 to 255

GI-17T S-SB-2 24.79 --20 to 181 C-63
44.66 181 to 187
28.24 187 to 255 -

S-SB-2A 23.91 -20 to 182 C-64
29.51 182 to 255

GI-lin -S-SB-2 24.25 -20 to 181 C-65 *

32.23 181 to 255

S-SB-2A 16.04 -20 to 255 C-66
.

'
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. TABLE C-1. (continued)

Random Uncertainty Period of
Standard Deviation Application. [

U''' Measurement' Test R (s) Figure

GI-17C S-SB-2 14.07 -20 to 196 C-67
31.64 196 to 255

'

S-SB-2A 10.92 -20 to 182 C-68
35.83 182 to 255;

i GB-45VR S-SB-2 21.37 -20 to 196 C-69
31.67 196 to 255

20 to 200 C-70S-SB-2A 25.32 -

! 30.16 200 to 255

CD-456B S-SB-2 28.18 -20 to 255 C-71
4

S-SB-2A 24.59 -20 to 255 C-72 <

>

| FI-1, GI-1C S-SB-2 0.14 -20 to 255 C-73
,

'

S-SB-2A 0.11 -20 to 1 0 C-744
1.21 140 to 255

4

FI-17, JI-17C- S-SB-2 0.18- -20 to 127 C-75
1.70 127 to 255

S-SB-2A' - 0.29 -20 to 121 C-76
2.26 121 to 255

FD-424, GD-456B S-SB-2 0.26 -20 to 140 C-77
1.71 140 to 205
0.64 205 to 235
1.78- 235 to 255.

S-SB-2A 0.19 -20 to 130 C-78
1.11 130 to 255

=

?

e

'! Ca

1

I
1 g '.

h
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w

; 3 BLE C-2.. -(TESTS-S-SB-2 AND S-SB-2A).
GENERAL MEASUREMENT ENGINEERING UNCERTAINTY SOURCES AND UNCERTAINTY VALUES

Measurement Category Uncertainty Sources Uncertainty Value Expected Uncertainty Values

Fluid Temperature. Changes in homogeneity of +1.11 K +1.66 K, R < 550 Ka
the thermocouple wire due

,

to cold working
- - 1/2
1.42 + (0.0021 R)2Data interpretation from -+1.11 K, R < 550 K + ,

standard refererence 0.0021 R, R > 550 K R- 550 Ka .

tables'

General data acquisition +0.42 K where
processing

-~

R = transducer reading (K)
Thermal aging of the +0.28 K

g thermocouples

Material Temperature Changes in homogeneity of +1.11 K
the thermocouple wire due
to cold working

Thermocouple radial +2.78 K +3.33 K, R < 550 K
,

position
- - 1/2

Data interpretation from +1.11 K, R < 550 K + 9.75 + (0.002) R)2
standard refererence +0.0021, R, R > 550 K R > 550 K

~
,

tables
.

General data acquisition +0.42 K where
-

aad processing
R = transducer reading (K)

'

Thermal aging of the +0.28 K
thermocouples

,

% e a

. . _ _ _ - -v -
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TABLE C-2. (continued)

Measurement Category Uncertainty Sources Uncertainty Value Expected Uncertainty Values

Pressure Entrance effects +0.3% of transducer full
scale

Calibration +0.26% of transducer full
scale 10.44% of transducer full

scale
Temperature sensitivity +0.13% of transducer full

scale

General data acquisition +0.15% of system full
and processing scale

j

Differential Installation +0.03% of transducer full
Pressure scale

M Calibration
1/2-

(0.05) + (0.5 R/FS)2Transducer ranges +

+4.96 through % of transducer full scale

2199.26 KPa

(0.03) + (0.5 R/FS)2Transducer ranges +
+3.44.74, +689.47, % of transducer full scale b
T3447 kPa - +2% of transducer full scale

(0.02) + (0.5 R/FS)2Transducer ranges +

+6894, +10 342 kPa % of transducer full scale

Temperature sensitivity +0.5% of transducer full where
scale

R = transducer reading (kPa)
General data acquisition +0.15% of system full FS = transducer range full
and processing scale scale (kPa)
Air entrapment +0.069 kPa



.

,

TABLE . C-2. (continued)-

-Measurement Category Uncertainty Sources Uncertainty Value Expected Uncertainty Values

3Densityj Calibration +1.0% of reading (kg/m )

Detector system +2.1-kg/m3 c-

- uncertainty
>

General data acquisition +0.15%ofsgstemfulland processing scale (kg/m )

Flow regime c /

Volumetric Flow Calibration instrument +0.25% of transducer full
(turbine flowmeter) reading scale

y Calibration standards +19.56 x'10-2 tf,
_

Velocity profile +2.9% of reading
_

Frequency-to-voltage +0.25% of-transducer full e
_

conversion' scale

General data acquisition +0.15% of system full
_

and processing scale

Dead bands +5% of transducer full
scale.

Flow regimes c

* 6 a a

. _ .
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TABLE C-2. (continued)
-

Measurement Category Uncertainty Sources Uncertainty Value Expected Uncertainty Values
, 3

I: Mass Flow Rate Combined results from c c
(from volumetric : individual uncertainty \
flow and density sources for volumetric- i

ddata) flow and density data

I-

This value is no. longer valid after thermocouple dryout occurs,.a.

b. Value is based on observed system performance. It is more conservative than that obtained from the
statist'ical summation of the identified engineering uncertainties.

c. Uncertainty value is time and flow regime dependent,
,

b| d. The general method for combining volumetric flow with density data to obtain mass flow rate and the
"

resulting uncertainties in the data are explained in Reference C-2.

t
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TABIE.'-3. TIME PERIODS.WHEN FLOW REGIME UNCERTAINTIES WERE APPLIEDC

. (TESTS S-SB-2'AND.S-SB-2A).
.

| Time'During Which Flow Regime
'

Detector Uncertainties were applied
- Identification- Test (s) Figure

FI-1- S-SB-2 25 to 4534 C-45
4

S-SB-2A 20 to 4390 C-46

FI-17 S-SB-2 190 to 4534 C-49

S-SB-2A 186 to 4390 C-50

| FV+1 'S-SB-2 40 to 4534 C-53

S-SB-2A 40 to 440 C-54
1050 to 4390

| GI-lc S-SB-2 25 to 4534 C-61 i

|

! S-SB-2A 20 to 4390 C-62

GI-17C S-SB-2 190 to 4534 C-67

S-SB-2A' 186 to 4390 C-68

GB-45VR- S-SB-2 197 to 310 C-69
1980 to 3040 ,

3580 to 4120

S-SB-2A 200 to 300 C-70
2750 to 3750

FI-1, GI-lc S-SB-2 25 to 4534 C-73

S-SB-2A' 20 to 4390 C-74
i

| FI-17,'GI-17C' S-SB-2 190 to 4534 C-75

S-SB-2A 186'to 4390 C-76

. ,

'

|'

t

| e
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..
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Figure C-1. Fluid temperaturc in intact loop hot leg, Test S-SB-2 (TFI-1).
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Figure C-2. Fluid temperature in intact loop hot leg, Test S-SB-2A (TFI-1).

255



580. , i i i i i

TFB-45

570. - -

.

E 560. - -

w
a

*3 . - - -s
y 550. - :. , \ -

-

\\
W .e

fs' .- . ,.
r i

540. - ''-~~- . M -ww--
% ' ~ ,.. - - go

j/
-

i
~,3.

u. /
530. - -

' ' ' ' ' '
520.
-50. O. 50, 100. 150, 200. 250. 300.

TIME AFTER AUPTURE ist

Figure C.3. Fluid temperature in broken loop cold leg. Test S-SB-2 (TFB-45).
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Figure C-4. Fluid temperature in broken loop cold leg, Test S-SB-2A (TFB-45).
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Figure C-5. Fluid temperaturein downcomer Test S-SB-2(TFD-269).

580. , , , , , ,

TFD-269

570. - -

x

y 560. - -

a
>-

$ s"'',
w ~-,s - . .. ,.,je- N'

fs s.ct

\ ....[5 ''T_ -6 550. - ~~~ s - s

s ,n vs- -N
, s,_

w-
_O 'L/\ ~-~ r ~ ,n ,,,

W3
a
' 540. - -

.

' ' ' ' ' '530.
-50. O. 50. 100. 150. 200. 250 300

TIME AFTER RUPTURE 131

i Figure C-6. Fbid temperature in downcon tr, Test S-SB-2A (TFD-269).

257



|

500. , , , , i i

TFV-572W

570. - -

9

x

y 560. - -

2 -
>-
<

- ~ /r+ \ s' ~~
E
w ^--

5 550. - ~ / r+ N ~ s' ~ ~ ~ '-' 1 . % - _ _ _ , _ ,_.
-

a

,_ s,T
9 '----~ ,$

' D
_J
' 540. - -

' ' ' ' ' '
530.
-50. O. 50. 100, 150, 200. 250. 300.

TIME AFTER RUPTURE tsi

Figure C-7. Fluid temperature in vessel, Test 5-SB-2 (TFV-572W).
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Figure C-8. Fluid temperature in vessel, Test S-SH 'A (TFV-572W).
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Figure C-9. Fluid temperature in core, Grid Spacer 7, Test S-SB-2 (TFG-7AB-34).
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Figure C-10. Fluid temperature in core, Grid Spacer 7, Test i-SB-2A (TFG-7AB-34).
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Figure C-13. hiaterial temperature in broken loop cold leg, Test S-SP-2 (TN1B45T).
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Figure C-15. Matcrial temperature in downcomer. Test S-SB-2 (TMD-294).
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Figure C-17. Material temperature in dow neomer insulator, Test S-SB-2 (TIMD-294).
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Figure C-18. Material temperature in downcomer insulator, Test S-SB-2A (TIMD-294).
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Figure C-19. Material temperature in vesselinsulator, Test S-SB-2 (TIMV + 572W).
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Figure C-20. Material temperature in vesselinsulator, Test S-SB-2A (TIMV + 572W).
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Figure C-21. Core heater temperature, Rod C-2, Test S-SB-2 (TH-C2-08).
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Figure C-22. Core heater temperature, Rod C-2, Test S-SB-2A (TH-C248).
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Figure C-23. Core heater temperature, Rod C-2, Test S-SB-2 (TH-C2-321).
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Figure C-25. Pressure in intact loop cold leg, Test S-SB-2 (PI-16).
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Figure C-26. Pressure in intact loop cold leg, Test S-SB-2A (PI-16).
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Figure C-27. Pressure in broken loop cold leg, Test S-SB-2 (PB-45A).
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Figure C-28. Pressure in broken loop cold leg, Test S-SB-2A (PB-45A).
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Figure C-30. Pressure in intact loop pressurizer, Test S-SB-2A (PI-PRIZE).
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Figure C-31. Pressure in broken loop steam generator dome, Test S-SB-2 (PB-SD).
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Figure C-33. Differential pressure across intact loop steam generator, Test S-SB-2 (DI-6-7).
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Figure C-34. Differential pressure across intact loop steam generator Test S-SB-2A (DI-6-7).
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Figure C-35. Differential pressure across intact loop pump, Test S-SB-2 (DI 13-15).
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Figure C-36. Differential pressure across intact loop pump, Test S-SB-2A (DI 13-15).
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Figure C-37. Differential pressure across broken loop pump, Test S-SB-2 (DD-29-408).
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Figure C-41. Differential pressure in sessel. Test S-SB-2 (DV-501-105).
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Figure C-42. Differential pressure in vessel, Test S-SB-2A (DV-501-105).
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Figure C-43. Differential pressure, intact loop steam generator, secondary side, liquid level, Test S-SB-2
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Figure C-45. Voluinetric Flow rate in intact loop hot leg Test S-SB-2 (FI-1).
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Figure C-46. Volumetric Flow rate in intact loop hot leg, Test S-SB-2A (FI-1).
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Figure C-47. Volumetric Flow rate in intact loop cold leg. Test S-SB-2 (FI-16).
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Figure C-49. Volumetric Flow rate in intact loop cold leg, Test S-SB-2 (F1-17).
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Figure C-50. Volumetric Flow rate in intact loop cold leg. Test S-SB-2A (FI-17).

279

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



l
1

4

15.0 .._, , , , , ,

4 - - _ FO-424

I
4

i

*

,
,

10.0 - -

g

i e

! -

'

i
-

U 5.0 - /p -\
y ':- ,I

'

-

|r N **.

O.0 -

1, | '
% j

-

k U
I

! B i W .

'

~5.0 - V,% r 'T -

Q

\$J.
'

:
~ J

I -10.0 ' ' ' ' ' '

| -50. O. 50. 100. 150. 200. 250. 300.

TIME AFTER RUPTURE ts1

Figure C-51. Volumetric Flow rate in dow neomer, Test S-SB-2 (FD-424).
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Figure C-52. Volumetric Flow rate in dow neomer, Test S-SB-2A (FD-424).
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Figure C-53. Volumetric Flow rate in sessel upper plenum Test S-SB-2 (FV + 1).
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Figure C-54. Volumetric Flow rate in vessel upper plenum, Test S-SB-2A (FV + 1).
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i Figure C-55. Volumetric Flow rate in intact loop high pressure injection system, Test S-SB-2 (F1-ilPIS).
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Figure C-56. Volumetric Flow rate in intact loop high pressure injection system, Test S-SB-2A (FI-ilPIS).
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Figure C-57. Density in intact loop hot leg, Test S-SB-2 (GI-IT).
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Figure C-58. Density in intact loop hot leg Test S-SB-2A (GI-lT).
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Figure C-59. Density in intact loop hor 'eg. Test S-SB-2 (GI-IB).
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f Figure C-60. Density in intact loop hot leg, Test S-SB-2A (GI-1 H).
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Figure C-61. Density in intact loop hot leg, Test S-SB-2 (GI-!C).
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Figure C-62. Density in intact loop hot leg, Test S-SB-2A (GI-IC).
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| Figure C-63. Density in intact locp cold leg, Test 5-SB-2 (GI-17T'.
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Figure C-64. Density in intact loop cold leg, Test S-SB-2A (Gi-17T).
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Figure C-65. Density in intact loop cold leg. Test S-SB-2 (GI-17B).
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Figure C-66 Density in intact loop cold leg, Test S-SB-2A (GI-17B),

287

|

- - - . . ____. .-.. - - _ .



1

800. |,-Ac i * 3 i .

A~"UrWa

i

| 600. - ( .

o
-.

i m
' e
j N

e |A j
w

I ?

[ 400. -
t

_

E d

y |A yz

O
I.a

* % q
ft% _$ 200. - ,

-

!
,

' ' '
', O.

-50. O. 50. 100. 150, 200. 250. 300.

TIME AFTER RUPTURE (s)
,

) Figure C-67. Density in intact loop cold leg, Test S-SB-2 (GI-17C).
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Figure C-68. Density in intact loop cold leg, Test S-SB-2A (GI-17C).
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Figure C-69. Density in intact loop cold leg. Test S-SB-2 (GB-45VR).
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FiFure C-70. Density in intact loop cold leg, Test S-SD-2A (GB-45VR).
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Figure C-71. Density in downeomer. Test S SB-2(GD-456B).

!

j 950. , , , , , ,

' G0-4560 ,

900. - -

4

!

l 850. - -

* -
,

N
,

a

650. - -

, 4

' ' ' ' ' '
600.

I -50. O. 50. 100. 150. 200. 250. 300.

TIME AFTER RUPTURE i3:

Figure C.72. I insity in dow neomer. Test S-SB-2A (GD-456B).
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Figure C-73. N1 ass Flow rate in intact loop hot leg. Test S-SB-2 (F1 1 and GI-IC).
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Figure C-74. N1 ass Flow rate in intact loop hot leg. Test S-SB-2A (F1-1 and GI-IC).
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Figure C-75. Mass Flow rate in intact loop cold leg, Test S-SB-2 (FI-17 and GI-17C).
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Figure C-76. Mass Flow rate in intact loop cold leg, Test S-SB-2A (F1-17 and GI-17C).
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Figure C-77. Mass Flow rate in dow neomer, Test S-SB-2 (FD-424 and GD-456B).
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Figure C-78. Mass Flow rate in dow ncomer, Test S-SB-2A (FD-424 and GD-456B).
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