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.
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.

'

'243. . TE-331EL,- sheath thermocouple, rod 31, Llevel L . . . . . . . . . . . . 147

244'. TE-333EL, sheath thermocouple, rod 33,. level-L'............ 147 )
-245. TE-336CL, sheath | thermocouple, rod 36, level L ............ 148

246. TE-337CL, 'sheathL thermocouple,E rod 37, level L . . . . . . . . . . . . 148
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,
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.
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- 253. LTE-345CL, sheath thermocouple, rod 45, level L ............. 152 ,

.. e i
254.t TE-346CL sheath thermocouple, rod 46, l'evel L ............. 152 1

. 1

'
'

153. 255; TE-348CL,~ sheath thermocouple, rod 48, level L'.............*
-
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l
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273. TE-323EO,~ sheath thermocouple, rod 23, level 0 ............. 162

'274.. TE-324EO,' sheath thermocouple, rod 24, level 0 ............. 162-

275. TE-325F0, sheath thermocouple, rod 25, level 0 ............. .63

276. TE-326EO, sheath thermocouple, rod 26, level 0 ............. 163

277. LTE-331EO, sheath thermocouple, rod 31, level 0 ............. 164 j

L278.. TE-333EO,. sheath thermocouple,. rod 33, level 0 ............. 164
|

'279. -tea 338EO, sheath thermocouple, rod 38, level 0 ......... 165
'

...

280.~TEf339EO,sheaththermocouple, rod 39, level 0............. 165

281. TE-341EO, sheath therraocouple, rod 41, 1cvel 0 . . . . . . . . . . . . . 166 i

:282.: TE-349EO, sheath thermocouple, rod 49,' level.0 ............. 166 I'
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(284. .TE-304ME,.middleEthermocouple, rod 4, level E .............. .167 W

285'- TE-318ME,cmiddle thermocouple, rod 18, level E ............. 168'
..

286'.'.:TE-322ME,= middle ~ thermocouple, rod 22, level E ............. 168 ;
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287.-|TE-326ME, middle thermocouple, rod 26, level E ............ 169

288. - - TE-331ME, ' ef ddle thermocouple, rod 31, level E . . . . . . . . . . . . . 169.

1289. TE-338ME,; iaiddle thermocouple, rod 38,~1evel E ............ 170 *
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*
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I
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a

305. . TE-326MG, middle thermocouple, rod 26, level G ............. 1784
,
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.314. 'TE-310MJ,' middle-thermocouple, rod 10, level J ............. 182,

315; TE-317MJ. middle the'rmocouple, rod 17, level J ............. 183
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'317. 1TE-324MJ, middle thermocouple,, rod'24,-level J .............. 184 i
.
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L318. 'TE-326MJ,imiddle thermocouple, rod 26, level J ............. 184
'TE-338MJ) middle? thermocouple, rod'38, level J ............. 185319.
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320.:'TE-162, test section. inlet line thermocouplc'............... 185
~
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"321. TE-150, test'section bottom flange thermocouple ........... 186
L'' 322. -TE-151, test section bottom flange thermocouple ............ 186

323.' TE-152,~ test section bottom flange thermocouple ............ 187
'
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'

338. TE-189, bundle shroud thermocouple, .875L/LMAX ............. 194
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thermocouple ............................................... 197
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.,
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1354.u-FE-1A, primary | side pump flow .............................. 202
- 1355. FE-19,' Lturbine flowmeter, horizontal- inlet spool piece 203 1

. . . . .

1356. DE-20, gamma densitometer, horizontal inlet spool piece 203
|

.. . . .

|357. PE-26, transient. pressure, horizontal inlet spool piece .... 204 i

l.358. .'FMFE-22,. drag disk, horizontal inlet spool piece 204 t. . . . . . . . . . .
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363. ' PE-174, fransient pressure, vertical inlet spool piece 207. . . . .
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~
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. .
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1

1
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1

~372. 'TE-222,' thermocouple,; vertical outlet spool piece .......... 211 l
'
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>

374. DE-36, gamma densitometer, horizontal outlet spool piece 212. . .

375. PE-42 . transient pressure, horizontal outlet spool piece 213 1. . .
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|
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. PWR BLOWDOWN HEAT TRANSFER SEPARATE-EFFECTS PROGRAM - !

THERMAL-HYDRAULIC TEST FACILITY EXPERIMENTAL
(

DATA REPORT FOR TEST 157 !

4. , .

G. S. Massengill. R. A. Hedrick M. D. White-
.

T

ABSTRACT -

Reduced 1nstrument responses are presented for Thermal-
~

Hydraulic Test-Facility (THTF) test 157, which is part of I

the ORNL' Pressurized-Water Reactor (PWR) Blowdown Heat Trans-
fer.~ Separate-Effects Program. The objective of the program is i
to investigate the thermal-hydraulic phenomenon governing the
energy transfer and: transport processes that occur during a I

loss-of-coolant accident in a PWR system. '

Test 157 was conducted to obtain thermal-hydraulic and i
CHF information in the TilTF bundle 1 operating at nominal
power with significant outlet subcooling and containing four
nnpowered rods. |

'The primary purpose of this report is to make the re- {duced instrument responses during test 157 available. The i

responses are presented in graphical form in engineering ;
. units and have been analyzed only to the extent necessary )to assure reasonableness and consistency.

!
l

* '

1. INTRODUCTION i

The.0ak Ridge National: Laboratory Pressurized-Water Reactor (ORNL-

PWR). Blowdown Heat Transfer Program is a separate-effects study of the
-

l'

!relations among the principal variables that can alter the rate of blow-
~ down, . thel presence of flow reversal and rereversal, time delay to critical

.. heat flux'(CHF) the rate at which dryout progresses, and similar time-
and space-related functions that4 are important in loss-of-coolant accident

i

(LOCA) analyses. Primary. test =results are obtained from the Thermal-3

1lydraulic Test Facility.(THTF), a large nonnuclear. pressurized-water loop I. ,

~-incorporating a-49-rod electrically heated bundle in a 7 x 7 geometry.
THTF test 157-(conducted March'24, 1977) was the 14th test conducted

|
,

f in the facility with bundle l'in place. .This test was performed to obtain,

7 thermal-hydraulic and CHF information in-a bundle operating at nominal
power with significant outlet subcooling and containing four unpowered !

rods.,,

?y, 1
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The'' purpose'of this report is to provide the reduced instrument
responses during' test 157.in a readily usable form to'the nuclear com-

1mun'ityrin advan'e;of' detailed analyses and interpretations. These data
'c c

are. presented on; microfiche attached to-the back cover of the report. -

Fina1' analyses and interpretations are scheduled for publication six
.

h f h;mont s.a ter t eccompletion of the test. series. The program and the ex- i

Lperimental facilities are described in Ref. 1.

|

II. . SYSTEM, PROCEDURES, CONDITIONS, AND 1

EVENTS FOR TEST 157-

1. - System Configuration and Test Procedure
.

|

The Thermal-Hydraulic Test' Facility (THTF), shown in Fig. 1, consists
of a test section with a 49-rod,'3.66-m-long (12-ft) electrically heated '

core; a; circulation loop comprised of three parallel heat exchangers with
'

bypass, a. pressurizer, a pump with~ bypass, and associated control valves;
two rupture, assemblies; and a pressure-suptression system. For test 157

the break' configuration was'a-40% inlet-60% outlet break with a total break
2area of:12.54 cm (0.0135 ft2). The.THTF experimental system is described

further in Ref.11.

The~ electric core. was taken .to the preblowdown power (100 kW/ rod). in I
1

N20-kW/ rod steps.to provide steady-state' calibration information. The main

heat exchangers were operated to match the core power input. The primary
~

coolant' pump was' tripped coincident with break initiation, but the electric
c, ore was operated'at the preblowdown power for 42 see into the transient.
The; power was then decayed with a time constant of %0.45 sec. Rods 19, 24,
-39, and 47 were unpowered. Closure of the secondary side main heat ex- |

changer' valves wasiinitiated at-the. trip from 100 kW/ rod.
In; preparation for the test, the loop was filled with demineralized:

'

water and'the system pressure checked. Instrumentation and. data acqui-
.sition chseksLwere' performed. 'During the warmup, data were taken for use ^

.in flow and pressure salibrations.

. [1 3 roject Description: ; ORNL-PWR Bloodoun Heat Transfer Separate-P
- Effoota: Program .-- Thermal-Hydraulic Test Facility |(THTF), ORNLlNUREG/TM-2

' L(Februaryj l976); .
d
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Fig. 1. Thermal-Hydraulic Test Facility (THTF).

.

During the test, the THTF was successfully subjected to a double-
ended pipe break through the riipture assemblies containir , the orifice
plates. The effluent from the primary system was injected into the
pressure-suppression system, which was maintained at atmospheric. pressure.

|

*
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2. -Initial Test Conditions and Sequence of Events
..c

'

'Tlie.TilTFfconditions,immediately preceding rupture are given in Tables l
1;and 2. 'The. sequence of events. relative to the rupture is given in- .

|I ' , Table 3..
,1|L\

|

Table 1. Desired va actual prerupture conditions

i a b
i Parame ters : Instrument Desired Actual
i

!-

Systempressure- PE-201
HN/m 15.858 16.061

. psig 2300 2329
f

! Core power. EIE-9, EIE-10, EIE-11, EIE-12

|- . MW EEE-9, EEE-10, EEE-11, EEE-12 4.500 4.493

Number of unpowered rods '4 4

' Core volumetric' flow rate FE-19
' ' m'/s' O.0331 0.0335-

e '

| -gpm 525 531

- Test-section inlet temperature- TE-162
K 558.2 557.3
''F'' 545 544

Test.section' outlet' temperature TE-212
K: 588.7 587.9-

l. F~ 600 599'

- Pressurizer pressure - PE- 106 --
2

MN/m 15.444 15.499
psig' 2240 2248

Mass liquid' water ~ ,

kg ' 54.88 78.42 |
lb 121 173 '

g
- Coolant pump speed. SE-72

rps. 60.33 60.04
rpm: 3620 3602

Pressure'differentin.1 Pd"
MN/m*J 4.509 4.573
psid 654- 663' i

'l
Pressure betiteen 'HCV-2 and FCV-18 - .PE-16 i

! 'MN/m- 16.761 17.679 |2

! psig- 2431 2564 |

Pressure differenttal across'maini . P f.- 6 -
;

' d
heat exchangers. a

MN/m* '' O 331 0.340 .|
'

*

paid .'48' 49.3 1

1

Dehired prerupture conditions are based on' programmatic requirements.
', 1

_

:/ ctual' prerupture conditions are based on instrument. signals recorded within '0 ]1A
'

1i

sec:of primary system rupture,;

!-

L'

I. 4
s

!
n- x

-

.-.
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-Table.2. Prerupture primary-coolant temperature }
G "

and pressure distribution test 157
t

.t
, . , ,

,

'f**E*f"1)3 [MN/m (psig)}
*** *

Location Instrument 2[K (.

Vertical inlet spool piece TE-172 -557.3 (544) |'

, Vertical inlet spool piece PE-174 16.396 (2378) 1

.: Test'section irilet TE-162 557.3 (544)
i TE-150. -558.3 (545) .I

|

'- Lo'wer plenum
Lower plentim PE-156 16.344 (2371)
. Upper plenum. PE-201. 16.061 (2329)

Test section-. o'ut'let . TE-212 587.9 (599)- "

Vertical outlet, spool piece TE-222 587.9 (599)
Vertical outlet spool' piece PE-224 -15.924 (2310)

~

Heat' exchanger inlet header PE-44 L5,759 (2286)
)

Mixed mean temperature TE-28B 564.4 (556) ;
downstream; heat exchangers

Pressurizer surge.11ne TE-2 ~599.2 (619)
Pressurizer- PE-106 15.499 (2248) .|
Primary pump suction P2-76 15.381 (2231).
Between main control valves' TE-4B 555.4 (540)
HCV-2i FCV-18

. - Between.mrip control valves PE-16 17.679.(2564)
IICV-2, FCV-19

,

# ~"

Preruptu e distribution is based on instrument signals recorded,

.within 10 sec.if. primary system rupture.

Table 3. Sequence of events during test 157

Time relative
Event to rupture-

-(sec) .j

Core power level; established -3195 . I
|

'1

jCore temperature rise established -3015
''

,

Analog tapes and.CCDAS fast' scan started -15 |>
:

; Blowdown' initiated' O I
*

Pump power tripped 0- ]
-

,

' Heat.. exchanger secondary valves : closurej initiated +2
1

.
.

+2
,

Core; power. tripped to decay

Core power tripped '+3.5

i

O .a
( -- p. '

i t
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III.- DATA PRESENTATION :

The~ recorded instrument responses for THTF test 157 have been pro-

cessed only.to'the-extent necessary to obtain appropriate engineering
,

units and to' ensure reasonableness and' consistency. In converting-the

instrument' responses to engineering units, a homogeneous fluid has been
-assumed. Therefore, interpretation or analysis of the data must account

for.the1 fact'that the instruments may have been subjected to nonhomogen-

eous fluid conditions during the transient.

The reduced instrument responses presented in this report were re-
corded-by a computer-controlled digital data acquisition system (CCDAS). |

Further'information on this system may be found in Ref. 1.

Figures 2 through 4 provide supportive information for the instrument
'

responses and indicate the relative locations of the detectors in the THTF.

ORNL-DWG 76-19894

S1 52 'S3 S4 SS S6 S7- S8

1 2- 3 4 5 6 7
.

59- 510 ' Sti S12 S13 S14 S15 516

'

8 9 . 10 11 12 13 14

St7 S18 S19 S2O S21 S22 523 S24

15 16 17 18 19 20 21

S25 S26 527 S28 S29 S30 S 31 S32

22' '23 ' 24' 25~ 26 27 28

S33 S34i S35- S36 S37 S38 S39 S40

29 30 31 32 33 34 35

S41 $42 S43 :S44 S45 S46 S47 S48

36 '37 38 39 -40 41 42

S49 S50 S S1 - S$2 553 S54 555 556

*

. 43 J 44 45 - 46. 47 48 49

S$7 S58' S59 S60 S 61 S62 S63 S64 .

Fig.|2. Identificat' ion of THTF heater' rod and subchannel locations
in bundles 1 and 2.

, . . . - . - .
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Table 4 gives the precision of the recorded instrument responses, and Table
5 groups the measurements by location and provides brief comments regarding
the detectors and the recorded responses. Time zero on all graphs is the
time of break initiation.

7 Table 4. Precision of experimental measurements for test 157

System Standard deviation,

2Pressure measurement, MN/m (psig)
CCUAS 0.185 (26.89
Analog tape system 0.197 (28.5)

Pressure difference measurement, MN/m (psid)2

CCDAS
26.89-MN/m (1000-psid) span 0.025 (3.6)21.38-MN/m (200 psid) span 0.005 (0.72)20.34-MN/m (50-psid) span 0.001 (0.18)

Analog tape system
26.89-MN/m (1000-psid) span 0.033 (4.8)21.38-MN/m (200 psid) span 0.007 (0.95)20.34-MN/m (50-psid) span 0.002 (0.24)

Temperature measurement, K (*F) 2.4 (4.3)
Electric core power measurement

Rod current, A 0.877
Rod voltage, V 0.304

3Flow measurement, m /sec (gpm)
,

FE-19
Forward +0.0009 -0.0002

) (+13.97) (-2.90)
) Re verse +0. 0011 -0. 0004

(+16.77) (-5.70)
) FE-166
i Forward +0. 0011 4) . 0004

(+17.49) (-6.43)
Reverse +0.0009 -0.0002

(+14.14) (-3,07)
FE-216

Forward +0.0008 H) 0001
(+12.88) (-1.81)

Reverse +0.0009 -0.0002
(+ 14. 46) (-3.39)

FE-34
Forward

( +0.0019 -0.0005
(+30. 71) (-8.58)

Reverse +0.0019 -0.0005
| (+29.54) (-7.41)
'

2Momentum flux measurement, kg/m-sec
(Ib,/ft-sec#)
CCDAS 2264 (1522)
Analog tape system 2554 (1716)

) Density measurement @ 961 kg/n' (60 lb /ft'), 12.9 (0.81)
kg/m' (Ib,/ft') "

...
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.. -m = ~~Table 5. Data presentation for test ..157, '~
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-Range'
, Measurement- ' Location and comments - -

. .

,.
Figure Measurement _ comments ,

_. ,_ Detector.. Data acquisition systein
.

2| . -- - . . . . .
.

-. +32 - to +1897'F (all) ~-0.0027 to +0.M00 V (all) -
'~L'~ Bt'NDLE TD!PERATURE - Chrome 141umel thermocouples

.

>

' Heater Rod Sheath M

-LEVEL'D

~TE-301AD Rod 1 5 ^ Erratic prior to BD.

TE-304AD Rod 4.- -6
TE-309AD Rod 9 7
TE-310AD Rod 10 8 Small spike
TE-312AD ' Rod 12 9
TE-313AD ' Rod'13 10 1

TE-317AD'- Rod 17 - -11 $

'TE-318AD ' Rod 18 12
TE-320AD - Rod 20 13

- TE-322AD Rod 22 14
' TE-323AD - Rod 23 .15
TE-325AD Rod 25 16

-TE-326AD Rod 26 17 .. . .

- TE-331AD Rod 31 18 H-
HTE-338AD ' Rod 38 19

- TE-339AD Rod 39 20 Unpowered rod-
TE-341AD Rod 41 21 Noisy

.. _
TE-349AD : Red 49 22

,

LEVEL E

TE-301A E Rod 1 23 Instrument failed ;TE-304AE Rod 4 24 ;
TE-309AE Rod 9 ' -25
TE-312AE Rod 12 ' 26
TE-313AE Rod 13 27

.TE-317AE- Rod 17 28 Li
TE-318AE Rod 18 29

' TE-320AE' ~ Rod 20 30
TE-322AE Rod 22 - 31 ,

T E-323AE Mod 23 32
TE-324AE- Rod T4 33 Unpowered rod ''

TE-325AE Rod 25 34
'

TE-326AE Rc,d 26 35
- TE-331AE Rod 31 36
' TE-333AE Rod 33 37
TE-338AE Rod 38 38 -

TE-339AE Rod 39 39 Ut. powered rod #

TE-341AE Rod 41 40
TE-349AE Rod 49 41

.

..

'
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Table 3 (continued)1

_

-Range.
Nasurement ~ Location and' comments

.

.

Figure. .Neasurement comments
. Detector. :. Data acq.21sition. system - . -

Bi:MDLE TEMPERATURE (continued)
' ~

LEVEL F
._

u TE-301BF - Rod,1 .42 ,

TE-304BF Rod 4 _43
: TE-309BF . Rod 9

~

, . 44 '
IE-310BF Rod 10 '45-

- TE-312BF ' Rod 12. 46
- TE-313BF Rod 13 47 '-

TE-317B F - Rod 17, 48
IE-320sF.. Rod 20 49

.

2

TE-322BF. Rod 22 30 Spike '

tea 32 3BF . '_ Red 23 -31
. TE-324BF' Rod 2/.. 52 Unpowered rod

TE-325BF' Rod 25 53 Spike
TE-326BF - Rod 26 54
TE-3 31B F Rod'31 35

. TE-3 3 3BF ' - Rod 33 56 Spike H-
- T E- 3 38BF Rod 36 $7 Spikes . bJ

'

TE-341BF : Red 41. 58 Spike
TE-34?SF - Rod 49 59 _ Spike^

,

LEVEL C ' f

TE-301BG Rod 1 60 Instrument f ailed
TE-304BC . Rod 4 61
TE-3098G Rod 9 62
TE-310BG Rod 10 - 63 Small spike *

TE-312BC Rod'12 64
TE-313BG Rod 13 65
TE-317BG Rod 17 66
TE-3186G Rod IS 67
TE-320BG Rod 20 68

. TE-322BC Rod 22 69 Disy
TE-3238G. Rod 23 70
TE-325BG Rod 25 71.
TE-326BG - Rod 26 72
TE- 3 31 BG Rod 31 '73
TE-333BG Rod 33 74 - Spike,

TE-338EC Rod 38 75 Spiker
T E-3 39BC Rod 39 76 Unpowered rod, spike,

TE-341BG Rod 41 77
TE-34 9BG Rod 49 76 Instrument failed

4

3

e

I

* * * e o
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- Table 5 (continued) ;

j ':.

!-
4- Range -
. _ .. Measurement - ' Location and comments' Figure -Measurement comments.

*

..
_

~ Detector Data acquisition system. '{
4 :

: BUNDLE TEMPERAtt.1tE (continued) ',
..

'' f
. . - LEVEL I'

'
'

r"
'

TE-301CI - Rod l '~ '119 k
. . . .

-
:

' TE-302AI Rod 2' '120 - i!,

'
TE-303At - Rod 3 121 i

j - TE-304C I ' -Roo 4 122- .;
.'

! TE-305AI Rod 5 123 _._

; TE-306Al Rod 6 124
125j ,.. TE-307AI Rod 7' _

|126 ' Spike '

t- TE-308AI ' Rod 8
i '- . T E-309CI Rod 9 ' 127 i

'

d. TE-310C1 Rod 10 128 Small spike

i TE-311A1. Rod.11 129 t

|. TE-312CI Rod.12- ~l30
* . TE- 313C I " Rod 13- 131 -
.- TE-314AI - *ed 14 132 ; Small spike

j' . TE- 315AI Rod 15' 133- Spike 's
i TE-316Al' . Rod 16 134 - Spike #
. TE-317CI' Rod 17 135

TE-318CI Rod 18 136 II J

i. TE-320CI Rod 20 137 I

[ TE-321A1 Rod 21 13S -|
|. TE-322CI- Rod -22 1 39 ' |
- TE-323C1 Rod 23 140 1
;
i TE-124C1 Rod 24 141 l'npowered rod '!
[ TE-325CI Rod 25 142

TE-326CI Rod 26 143
I .TE-327A1 - Rod 27 144
! TE-328AI Rod 28 145

|- TE-331CI Rod 31 146 -
'

1' TE-333CI Rod 33 147 Small spikes ~
TE-3 36AI Rod 36 148
TE-317AI' Rod 37 149 |'

i TE-338C1 Rod 38' 150

| TE-339C1 Rod 39 151 .I'npowered rod

j- . TE-341CI Rod 41 152 - |

|. - TE-342A1 Rod 42' 153 p

i TE-343AI Rod 43 154 -
!- TE-344AI . Rod 44 155 Small spike ,

| TE-345Al' Rod 45 156 Small spikes 1

; TE-346AI - Rod 46 157 Small spike !

| TE-348AI Rod 48 158- '!

* TE-349C1 Rod 49- 139 Small spikes |

1
t
i

I
~!

!

I

f

I,
I . . . .

l.
1 - . _ . _ _ _ _ - - . ._ -.__ _ _ _ _ , _ . _ . , . . _ _ _ . _ . _ . . _ . . , _ . , 2 .;_
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Table 5 (continued) . ,

~

Ran ge -

Measure unt ' Location and connects - Figure. Measurement comments -:

Detector. - Data acquisition system

BUNDLE TENFERATURE (conti;tued)
4

- 1.EYEL J

TE-301DJ Rod 1 160 : Small spikes
161TP-302CJ ,. Rod 2
162 -TE.304DJ Rod 4
163TE-305CJ Rod 5
164TE-306CJ Rod 6
165'TE-307CJ Rod 7

TE-30BCJ' Rod 8 lb6 _
167.-TE-309DJ Rod 9-
168:'TE-310DJ Rod 10
169

- TE-312DJ Rod 12
170 ,,

>

TE-313DJ . Rod 13
171 - _~TE-314CJ Rod 14
172- TE-316CJ . Red 16
173. .*

TE-317DJ Rod 17
174LTE-318DJ Rod 18 -
175 hTE-320DJ " Rod 20-
176'TE-321CJ Rod 21
177TE-322DJ Rod 22

TE-323DJ - Rod 23 '178.
179 repoweral rodTE-324DJ Rod 24
180TE-325DJ - Rod 25
ISL- TE-326DJ Rod 26
182 *

TE-327CJ Rod 27
TE-328c.J Rod 28 183

TE-331DJ Rod 31 184

TE-333DJ Rod 33 155 j

TE-336CJ Rod 36 186 j

TE-337CJ Rod 37 187

TE-338DJ Rod 38 188

TE-339DJ Rod 39 189 t'npowered rod

TE-340CJ Rod 40 190

TE-341DJ Rod 41 191. l

T5-342CJ tod 42 192

TE-343CJ Rod 43 193

I TE-344CJ Rod 44 194

,

TE-343CJ Rod 45 195 ,

| TE-346CJ Rod 46 196 1

'
197-TE-349DJ Rod 49

I

|

i
I

|

|

4

5
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| " Table 5 (continued)'
12

h . A, '

Range
. . !

!r.. Measurement Incation sad concents
_ Data acquisition system

' '

Measurement comments:
Detector-

'

. Figure '
'

'|
$

;: t

j; [ SUNDLE TDtFERATL'RE (continued) -

+ n
- LEVEL K '|,

I' ;

'
. TE-301DK , ' Rod 1 198- '!

1
_ TE-304DK - Rod 4 -199 ' !IJ : TE-309DK - Rod 9 200 . '!

}'- I TE-310DK ' Rod 10. .'01 Slightly noisy .

j. - TE-312DK - Rod 12- 202 fj
;L - TE- 313DK ' Rod 13 203 - i
I- TE-317DK Rod 17.. 204 ,.

|' . TE-31BDK Rod 18 205 -|'

- TE-320DK-
| _ i TE-322DK~

Rod 20 206 !
Rod 22 207.

'

-

-{
| TE-32 3DK . . ' Rod 23 208 !

TE-324DK. Rod 24' 209 Unpowered tod
TE-325DE Rod 25. 210 '

- TE-326DK Rod 26 211. *

- TE-331DK Rod 31 212 '

TE- 333DK . Rod 33 213 H
'* 'TE-33SDK Rod 38 21s : ~!

TE-339DK Rod 39 215 Unpowered rod l
3 ' TE-3& LDK Rod el- 215 ;' TE-3490K Rod.49 217- '

!
j LEVEL L !

!-

| _ TE-301EL Rod 1 218 '

1 TE-302CL Rod 2 219'
T E- 103CL Rod 3 220
TE-304EL Rod 4 221 t
TE-305CL Rod 5 222
TE-306CL Rod 6 223
TF-307CL Rod 7; 224 Instrument failed .5
TE-30SCL Rod 8 225 -!I TE- 309EL Rod 9 226 . Reads low I

. TE-310EL . Rod 10 227
TE-311CL Rod 11- 228 $

TE-312EL Rod 12 229
TE-313EL Rod 13 230
TE-31t;L Rod 16 231 '

TE-317EL Rod 17 2 32
TE-318EL Rod 18 231
TE-320EL Rad 20 234

.

TE-321CL Rad 21 235
~

I

TE-322EL Rod 22 236

. . .

, . _ , y .g- .,-- ..a.a e.u.m.,_._,_._.u_., u, L.-a-m __r z____ . - - . - _--- a-- --- - - - - - - " " - - - - - - - - - - - ' "- '-- -~ ~ ~- - - - - ' '^--' '
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. Table 5 (continued).
~

1
: t

.

'
,

f*
.

..

- Range '
b' _& asurement Location and comments Figure.| Measurement commeets

' '

~i
'

Detector ' Data acquisition system -

s

I' BL5DLE TEMPERATURE (Continued)
t

- -. k
-

.

r

LEVEL L (continued) - _
_

.

s

i " i
.237- _. , -

[ ~' .'TE-323EL Rod 23
238 l'npowered rod ' '

' - TE-32&EL. Rod 24'
239

j

' TE-326EL - Rod 26'-
c- Rod 25-TE-325EL '240 t

241
j TE-327CL Rod 27

T E-32SCL Rod 28 242_.
243TE-33] EL Rod 31 244'- TE-333EL Rod 33
245TE-3 36cL Red 36
216 - i

Tc-337CL Rod ?7
247

,
- T E-? l8F1, Rod 38 .ti powered rod .. ;248 n

| TE-3 39EL Rod 39
249 -TE-341EL Rod 41
250 ,

TE-342CL Rod 42.'
251TE-343CL . Rod 43 ,

, 252 H-
! . TE-344CL Rod 44 N -

233 Small spike-
i - TE-345CL Rod 45

254TE-346CL Rod 46
t255

|
' TE-349EL Rod 49

TE-348CL Rod 48
256

+

| ' LEVEL M

-257 j
' TE-301EM Rod 1

256 !
TE-304EM Rod a

259 |TE-309EM - Rod 9 '
260TE-32 5EM Rod 25

!n

LEVEL N

261T E-301FN Rod 1
262I TE-304FN Rod 4
263 I

TE-325FN Rod 25
:
,LEVEL 0
i

264 !
TE-301FO Rod 1

265 *

TE-304F0 Rod 4
266 .fTE-309FO Rod 9 t267.TE-310E0 Rod 10
268 i

TE-312EO Rod 12*

f

i

"
i

9

,

- .- . .. v, = , . . , - e. .= 3 . .e , ,#, n.. ,ae~- -e+ c-
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. - |t.I Table 5 (continued)
!' .

-

| _.-

I- Range' " '

| - 7 Measuremect: - location and coments . .

Data acquisition system .i. ._ Detector 1
,

Figure Measurement comments -

!.
.BUNDLE TEMPERATURE (continued)
,

--

.i
,, - LEVI.L 0 -(continued)' |t

c

TE-317E0 Rod 17 269 - Noisp r

i f- .,TE-318E0 Rod 18 . 270 ,TE-320E0 Rod 20
_

271
TE- 322EO . Rod 22 272' 4

- TE-323E0 Rod 23. . 273- |TE-324E0 Rod 24 274 .Unpowered rod ;E '}: TE-323FO - Rod 25 275
TE-326EO Rod 26 - - 276

'

; TE-331EO ' Rod 31 277 Noisy
TE-333E0 Rod 33. 278-

| :TE-338EO ' Rod 38- 279 -
!1 TE-339EO . Rod 39 .280 - Unpowered rod_'

TE-341EO - Rod 41. 281 - ,
i

; TE-349EO - ~ Rod 49 282 I.

I -

~ H i
.

; - -Heater Rod Center CD
|'

~
1

?

LEVEL E
' |;

-

- TE-30lME Rod 1 283
1 TE-304ME Rod 4 284 Small splite

TE-318ME Rod 18 285 Spike,

TE-322ME- Rod 22 286 Small spike,

TE-326ME Rod 26 297 Small spike
| - TE-3?lME Rod 31 288' Ins t rument failed

TE- 338ME . Rod 33 289
' TE-349ME Rod 49 290,

LEVEL F
i

TE-3OlMF Rod 1 291
'TE-304MF Rod 4' 292 'gTE-322MF Rod 22 293 s

T E-326MF Rod 26 294
TE- 338MF Rod 38 295
TE-349MF Rod 49 296

| LEVEL C
.

TE-391MG Rod 1 297 Small spike fTE-310MG Rod 10 298 - 6

!
!

!

|

t

, , , * *

Mar-..--,sw. .-- r.e.-',.- __za_i._ma_m_____u:_2-mz__-- - ' -- -- _ .._z__---__-____- -_ - _ _ _ . _ _ . _ . - __ -. + n-s--' w-w wr ,n y m --g'-o'-e cr- a-w w er --- y 'Swre- w ,.e e- wdev -wwYD- wr=_
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Table 5 (continued) - t

<-

t

Range
Measurement' . Location and cotaments

,. .
.

F1gure : Measurement comment s -
Detector- Data acquisition system : ~~

,

BUNDLE TEMPERATURE (continued) - !
'

.
, i

Heater Rod Center (continued) .
|

LEVEL C. (continued) ,

TE-313MG '. Rod 13 299
TE-317MG' Rod 17 300
TE-318MG. Red 18 -301
TE-322MG Red 22
TE-32 3MG Rod 23

. M2
303 1

tee 326MG ' Rod 26 305
. |TE-325MG . Rod 25 304

:

TE-338MG - Rod 38- 306 ,

TE- 349MG Rod 49f 30e y
;

LEVEL H -.!
,

'!
TE-304MH Rod 4 308 '

|TE-309MH Rod 9 309 H
*'TE-318MH Rod 18: 310 !

1E-32ZMH Rod 22 311 '

.. TE-3 38MH Rod 38 . 312.- }

LEVEL J

'TE-30lMJ Rod 1 313
TE-310MJ Rod 10 314
TE-317MJ Rod 17 3L5

,

TE-323KI Rod 23 316
.TE-324MJ Rod 24 317 Unpowered rod
TE-326MJ Rod 26 318 I

TE-338MJ Rod 38 319 i

SPOOL PIECE
IN511tLHEhTS I

Temperature - Chromel-Alumel thermocouples + 32 to +1897"F -0.0022 t o +0.0400 V

TE-24 - Horieontal inlet 360
TE-172 Vertical inlet 166 jTE-222 vertical outlet 372 i
TE-40. Horizontal outlet 378 ;

|
-I

'

..

u
i

.|
|

.,

- . - .i.... . ., . .. . . . . . . . . . .. .- - --..m-- .

. _ _ _ _
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- . Table 5 (continued) -
__

,

... .
Range.

.

Measurement roannent s
.

~ Detector-
.. ,

' Figure-
.

; . Neasurement - - Location and comments
_

Data acquisition system _
.

_

SP001. PIECE INSTRU- ,

MENTS (c.ontinued)

,- : Pressure - O to +1000 psig 0.0 to +5.0 V
~

P E- 26 Horizontal inlet '357~ t

5 PE-174 Vertical inlet ' 36 3

'.PE-224 JYertical outlet 369
375PE-42 _- Herirontal outlet

_

'

' Pressure Drep- - 200 to +200 psid. 4.0 t o +5.0 V -

PDE-21L Hor 11onta1 inlet 359

' PDE-16 7. ' Vertical inlet %5-
PDt.-217 Vertical' outlet 371

Pi:E-35 Horizontal euttet 377

- Flow
to '

. FE-19 - Horizontal intet -2000 to +2009 gpm 4.0 to +5.0 V . 355 Ernmeous flow O-

-

direction, spike

at blowdown '
.FE-166 Ve rtical inlet -2000 to + 0 0 gpm -5.0 to +5.0 v. 361

. {20
' TE-216' Yertical outl+t -2000 to +2000 ppm -3.0 to +i.0 V 367 Signal loss at

approx. 7 see

FE-34 Horizontal outlet 4000 t o +4000 xpm -5.0 to +5.0 Y 373

Mementum Flux -250,000 to +250,000 -5.0 t o +;.0 V

lb /ft-sec#
FMFE-22 Hortrontal intet 358 Erratic

d - FMFE-170 Vertical inlet 364 . Zero shifted, erratic

FMTE-220 Vertical outlet 370 Erratic

FMFE-38 Horizontal outlet 376 somewhat erratic

Fluid Densit_v_ O to +62.4 lb,/ft' O.0 to +10.0 V

D E-20 Horirental inlet 356 Erroneous cal'
tion causedi

signal lossl'-
'

362 Somewhat errtDE-168 Vertical inlet
DE-218 Vertical outlet 168 Somewhat ett

> DE- M Horizontal outlet- 374 Erroneous , e

tion caused oy
signal ioss

t

4

1

.

_ _ _ . - . , - , -_ c==..___.is~ ~ . - . 4 .- - . _ _ i.-..s _ u.--a-__ am_____m ___._w_____u_m.__m____._m _ _ _ _ - _ _ _ . _ _ . _ _ _ _ - _ _ _ _ _ . _ _ _ _ . _ _ _ _ . - - _ - - - -______u____e_-a n+_.r_____.2d_L_________=__-w 2 e T



j* , !'|4!j: t +, j; ;f!I?| ,;|j |e!t|ij:| t|
-

7

'

['
--
-

-

_
-

-
~

h -

-

-s rr
t eo
n wi

_

. e ddd or d d d .

i eee' pp e e e
- m ' . ll l

t e ' t i li. o. iii
t l

.
c aa a at a a a

eew't n f f f. fff'' -t -n t t t k r o t t t

- nnn ird
- e e e

n n ne

m m e'. m _ e - pew
s oc eccce c m m me

.
r uuu ,l i ii ii i i u u u

. u rr r - epbt t t t t t t r - r
s t t gi a aaaaa a -

. a ssst rrer rrrr r r
t

a
t

s s
e nnn a. t t r rrrrr r n n n
M I I I 1 - E EEEEE E I I i

.-

. e
r - . .-

23 4567 89 7890123456u 367 N40 1

-
g 222?23 3333 33333 77 7 8888688

F -

333333333 44 444 4 4 4 4 4i 333?33

x

- m -

e
t

-

.e V
s -

0 -

.n 0 -

o 4-
,i 0
t

,i 0
-s +

i
u o
q t

c
a 7

2
a Oe t

W
g a
n Da
R

_
_
_)

, d
_

me- .u
n

- i

r Tt. . o 'o _

w
t 7
c 9 .

( e 9 _

_

5 e
1

_
t

+
De o _-

l t
b
a 2

.T 3

+

,

.

-

_
.

_

s _
t. n

~ e s
m e

_m lp ~o
c o

c
- - d e

n o
a m

r
. n e -

o h
i t

- t

a l
c e

I 21591 1 1 1 3
01 4 63 .o m

A A A u X X'L u XX X ' XXKXXXXXX
l

.

AA AAAAAAAAA l l l l l ll l' l ,
. A

,l

* iM.LLDL1 LLLLI LLI L nnnnnnnnnmI M1 Mt M *t MMt MMMM eeeeeeeeee .3 f- -
l ////// ///////// nnnnnnnnnt
e LLLLLL tLLLLLLLL aaaaaaaaaa
m 222238 883333555 hhhhhhhhhho 4 44 a88 88331 17 7 7 cc t c cc ct i c. -
r 11 sl, 33 A 6, 6 6888 bbbbbbbbhb1 33

-

. h uuu uuuuuu
.

.

C 0OO000 ' 00O000000 SSSsSsSSSL .

-
. .

.

.
,

l

e, n,. ' nt .

a
d-

n
e E u h
m o c _

e f r b
. . r T h u

u S S
s

S b7390 1234567 90 e .

01 i1 1. e P l

.I 1111 1 1 111 11 11 1
l 123591 It63a e

. T77 778 888888839'
M d d 5555 55SS55 .n - - - - - - - - - - - - - - - n

E E- L-
- - - - - - - ;-_

~ u EEEETE E0E EEEEEE u EEE ELL 1
B 1TTTTT 11TTITITY B TTTTTTTTT1

. _$- '

.

.
-

.
.

-
.

- L
C _

-

= -
.

.
-

,
|I'

;[' 74!|jI . ;I! , .j ,iI jtj ,j)'1i1 1i1l1- & 3' 4 4< |,1ir1
-

.



.} i t 1

.

.

.

,
.

.

.

.

:^ I
r

.
. .t

U

'

'e,.

e

yN
e'
wr

_ -

. *

t

-

--

s
w

t
n .

. e dd ddd'

. m ee eee'
m l l l t l

o ii .it l' _

a a'e' aae' yc
f f .fff ' see d

e
t e ~-

.

.il lo t
t l

ob_ n t tb . t
- e nna- nnn- r as f

- m een eew nn i

e mme r mn ,oo h
.

- r uut uuu sii .s
s t t s - yrrr yy et tu rr t

ss o.kiee ra sse ist t t ss
sss ii

nnuJhI I I' hh . SQQ Z
nnn puu e _e

I Q'-M I

.

_.
_.

-y
.

4 5 6 7' 690123 4 31234G0 90902m T8901 23
. .

.
- g 888999'4 999 99900000 22222 41 78900
_

i 4444 4 44 4444 4455555 3 333334 33344
-
-

F

-
-
-

.

m
-e -

t
s
y

.

s
-

- n
o

-v
.

.i V
tt V

2 VVVV.i

5 0a
0000.5l

is 0
g + 5555+
c + + + +
a o o

t oaoot
a t r t t

.
2 0

.
e t.

0 0 0. G. 1. g a
n D 0

_ v
_ a + 00004
.

R
-

_

)
d
e g
u i

a.n s
i ggggp

=t r iiii -

n o F s s ss0 N

- o ,t * pppp0
c c 0 5
( e 0 00002

-
t 8 0000 +

- 5 e + 0000 _
-

.

D 3? 3 3 o _

_e o + + + + t
l t

b oooo0
a 2 t t t t 0
T 3 5

+ 0000+ .

.

-

s
_ t )

n e
e t
m a
m t
o s
c

y
d d .

._n a
a e mmoet

n s ot to CCCC' ( t t a
i //// t ot

TTTTCD ob st
.- . - C /T ba 4 6 S' 901245901 457 934 / eeeeTR m myc

o 333344444455555566 T gggg momud
nnnnee ununaL ~1lllll 1l lllll l l eaaaann nenee x_, lll

eeeeeeeeeeeeeeeeee nllllii el el tnnnnnnnnnnnnnnnnnn i ffff l l l pl ps)
d nnnnnnnnnnnnnar: nnn l p p
e aaaaaaaaaaaaaaaaaa - m m m m't a.t t t t .

.

u hhhhhhhhhhhhhhhhhh t ooooee t et ee an ccccccccceccccccce et t t tl l el
i bbbbbbbbbbbbbbbbbb l t t t t t t t t tel lt t

uuuuuuuuuuuuuu uuu noooouu nonuu
SSSSSSSSSSSSSS_NSSS

t
I BBBBOO I GI OOn

-. o
A c
R (
E . .

P) l

- Md e
E e n

t T u n . a.
n n a
e Ni h n N
m Ot c o O :

e I i b i I
.

r To u t TE a.-

u Cc S c CR *s E( _ e - . A EU
a S e 4689012'4590I4S7 934 S 2012320 SS 6I
e E: l 333344 44445S3S5566 655551 1 S 5O7)2
M TR d S55SS555$5SS5S555S t 1 111 122 TE 12243

- - - - - - SR - - - - -SU n - - - - s- - - - - - - - E E-EEEEEEE- EE E E- EEEEEEF eET u EEEEE EP EEEET

s
'

T_ TTTTTT1 T PPPPFT B TTTTTTTTTTTITTTTTT

_

_
_

_
.

,.=
.

.
2

..
_ .

_

_
_

%_
- -

- , "1 -
. 1 * 4 1. 4 4 (

&
("

- .



{w' .
[ , , , ,..-

"-
- - - - - , - - -

-. , .- -2-_ --- - .-4. _--_ . - -- -- - - - . . . - - . . - .. . . _ ..... m- -s------- - r-e----- . -- - -- -- - . -

-

.
. _ -,

, _ . . - . -
E

_

N e

1-
-

}]
%

~

.

- -

} _ );
* *

_

'
~

. ,1-

. .

.: l.

-,..,4 ,_ _ -
'

- ._j-
-

'

3-
..

_ _|
-

, ,

., ..

t2 Table 5 (continued), -f
*

;
,

Range
-_

~- ~t

I..
, _ Measurement, '. Location and comments Figure Measurement comments 'j

_ .

1

- Detector. . Data acqteis,itim system ' {
i '

('iE5ISECTION ;
PRE 551;RE DROP a. ??

-1

f
e . PDT-199 - Shroud box steady-state dif ferential. . O to +50 psid +1.G to +5.0 V 387

pressure * >

.a _ PDE-200 Bundle transient dif ferential pressure ' -200 to +200 psid -5.0 tc +5.0 V 388 '. !
., ,

- PDT-30 - Test section sw ady-state differentlat 0 to +50 psid + t .0 to +5.0 v . - 401,
-

.}
q -m . pressu re .!

$
s

_ PRESSI'RIZkR
j- INSTRi?MENTS. -- |
1 -

Temperature {
;

i !
3 TE-1 Tank top T/C +32 to +1897'F -4 LOO 2 7 to +0.0400 V 346 -3

I' TE-2 Tank exit T/C +32 to +1897'F -0.002 7 rn +0.0400 V 347 l'!
j .:

l -. Pressure' .

{ : p- ';

{ PT-102 - Steady-state pressore +500'to +2500 psig +1.0 to.+5.0 V 382 Eero shifted- " '|
|, PE- 106 - Vapor transicat pressure O to +3000 psig . O to +5.0 V 384 3
i . !

i. Level ,

I :. \
I LT-100 stendr etate licista levet 0 to +150 in. +1.0 tn +5.0 V. 40c, .!

.- {
htATER R0D POWER t

Heater Current O to +800 A n.0 to +5.0 V
'

-

- . t,

E1E-IIS6 Rod 1 Ag2
ELE-12S6 Rod 2 413 _. j
EIE-1157 Rod 3 I '414 -|

,EtE-1257 Rod 4 415 !
EIE-9S6 Rod 5 416 ,f
EIE-9S8 Rod 6 417 ;
ele-955 . Rod 7 418 ;

!-EIE-IIS$ Rod 8 419
EI E-1158 Rod 9 420

' EIE-1258 Rod 10 421
E1E-957 Rod 11 422
ELE-954 Rod 12 42}
EIE-953 Pod 13 424 !

ELE-9511 -Rod 14 425 '

- ELE-1154- Rod 15 426 i

i

.!
,

,

_ _ _ _ . _ _ =m-__ _. .______:.._w_ . . . _ . _ _ _ _ _ _ _ _ _ _ _ .,.____.m. ~m__.___ _________ + - - - - - w- - - ~r . m-.-- - r.- r-_
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