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ABSTRACT

This report presents test data recorded for Tests S-SF-4 and S-SF-S of the
Semiscale Mod-2A Primary Steam and Feedwater Line Break Experiment Series.
These tests are part of a series of Semiscale tests that investigate the thermal-
hydraulic phenomena resulting from operational transients involving rupture of the
steam line piping on the secondary side of a pressurized water reactor. Experimental
data from the tests are used to develop and assess the analytical capabilty of com-
puter models used to predict the results of such a rupture in the steam line piping and
evaluate the operational procedures involved in system recovery.

T'he primary objectives of the tests were to determine the effects of a secondary-
side transient on the primary side of the system, with 100% (S-SF-4) and S0%
(S-SF-5) ruptures of the main steam line piping, and to provide data for water
reactor safety codes and scoping for future tests.

This report presents the uninterpreted data from Tests S-SF-4 and -5 for analysis.

The data, presented as graphs in engineering umits, have been analyzed only to the
extent necessary to ensure that they are reasonable and consistent,
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SUMMARY

Tests S-SF-4 and S-SF-S were steam line break
tests associated with the Semiscale Mod-2A Steam
and Feedwater Line Break Experiment Series
conducted by EG&G Idaho, Inc., for the United
States Government. These tests investigated the
thermal-hydraulic phenomena resulting  from
various size ruptures in the main steam line of a
pressurized water reactor (PWR). Specifically,
Tests S-SF-4 and -5 simulated a transient which
resulted in overcooling of the primary side of a
PWR system due to the temporarily enhanced heat
sink duning secondary siue blowdowns.

The Semiscale Mod-2A sysiem is equipped with
a pressure vessel that contains an electrically
heated core, other simulated reactor internals, and
an external downcomer assembly; an intact loop
with steam generator, pump, and pressurizer; and
a broken loop with steam generator, and pump.

The main steam line break tests were initiated
from hot standby conditions, which results in the

greatest cooldown prediction. The break nozzle
sizes were scaled to represent 100% (S-SF-4) and
SO% (S-SF-5) of the area oi a Westinghouse four-
loop PWR. These tests duplicated, as nearly as
possible, the conditions of a typical PWR system.
In addition, a long-term recovery procedure was
attempted using a primary feed and bleed during
the tests.

Generally, Tests S-SF-4 and -5 proceeded as
specified. Conditions that did not conform to the
specified test  configuration were considered
acceptable for analysis within the test objectives.

This report presents the digital data from
Tests S-SF-4 and -5 with brief comment. The data
are presented in the form of graphs in engineering
units, and are also available from the NRC/DAE
Data Bank at the Idaho National Engineering
Laboratory. Address inquiries to NRC/DAE Data
Bank Administrator, EG&G Idaho, Inc., P.O.
Box 1625, Idaho Fails, Idaho 83415,
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Core heater temperature, Rod D-1, Test S-SF-4 (THV*DI +131)
Core heater temperature, Rod E-2, Test S-SF-4 (THV*E2 + 109)
Core heater temperature, Rod E-2, Test S-SF-4 (THV*E2 + 181)
Core heater temperature, Rod E-3, Test S-SF-4 (THV*E3+211)
Core heater temperature, Rod E-5, Test S-SF-4 (THV*ES +227)
Pressure in intact loop hot leg, Test S-SF-4 (P1*1) .. ..

Pressure in broken loop hot leg, Test S-SF-4 (PB*S0) . ..

Pressure in broken loop cold leg, Test S-SF-4 (PB*79) ..

Pressure in core vessel upper plenum, Test S-SF-4(PV*UP-13) ..

Pressure in core vessel upper head, Test S-SF-4 (PV*UH +421) ..

Pressure in intac’ s00p steam generator steam dome, Test S-SF-4(PIS+1117) .

Pressure in broken loop steam generator steam dome, Test S-SF-4(PBS+1117)

Pressure in pressurizer, Test S-SF-4 (P*PRZ + 158)

Pressure in intact loop steam generator steam exhaust at flow ornifice,

Fest S SEF4 (PSC*IGSTM)

Pressure in broken loop steam generator steam ¢xhaust at flow orifice,

Test S.SEF4 (PSC*BGSTM)

Nt




Microfiche sheet

198, Pressure in broken loop steam generator effluent into condensate coils,
Test S-SF-4 (PSC*BGCON) T

199. Pressure of cooling water to condensate coils, Test S-SF-4 (PIC*SBPS)

200. Differential pressure through intact loop steam generator primary side, Test S-SF-4
(DP1*5%9)

201. Ditferential pressure in intact loop pump suction leg, Test S-SF-4 (DP1*9*14) .

202. Ditferential pressure in intact loop pump suction leg, Test S-SF-4 (DP1*14%18) .

203. Differential pressure through intact loop pump, Test S-SF-4 (DPI1*21*18) ... . ... . .. ..
204. Differential pressure in intact loop cold leg, Test S-SF4 (D*I21+VD29) ...... ... ... ... . ..

205. Differential pressure in broken loop hot leg, Test S-SF-4(D-VI3A*BS7) .. ... . ... .. ...

206. Differentia! pressure through broken loop steam generator primary side,
Fest S-SF-4 (DPB*57%62) ................. oo el Emsbperoe wdlas wiets: vt elndory e e A

207. Differential pressure in broken loop pump suction leg, Test S-SF-4 (DPB*62%65) ........ ...
208. Differential pressure in broken loop pump suction leg, Test S-SF-4 (DPB*65*73) ........ ...
209. Differential pressure through broken loop pump, Test S-SF-4 (DPB*74*73) .. ... ... .. .. ...
210. Differential pressure in broken loop cold leg, Test S-SF-4 (D*B74+VD29) .................

211. Differential pressure through core vessel downcomer to upper head bypass,
Test SSFA(DVD4+29+160) ... . ... ... ..... PR, =R P, ey R i

212. Differential pressure in intact loop steam generator feedwater supply, across
flow orifice, Test S-SF-4 (DPSC*IGFDW) .. ... ... ... . .. o A s et B B 20w B TR

213. Differential pressu e in intact loop steam generator steam exhaust, across flow orifice,
Test 5-5F-4 (DPSC*IGSTM) . i R e SerdIs Py B 31§ il M ey a PG

214. Differential pressure in broken loop steam generator feedwater supply, across
flow on*ice, Test S-SF-4 (DPSC*BGEFDW) | 3R i W AT W) 9P W S R WY & e

215, Differential pressure in broken loop steam generator steam exhaust, across flow orifice,
Test S SF-4(DPSC*BGSTM)

216. Differential pressure across pressurnizer surge line, Test S-SE-4 (DP*PRZ*13()

217. Dafferential pressure in broken loop steam gencrator steam line break,
Test S-SE-4 (DPSC*SLBI)

218, Difterential pressure in broken loop steam generator across break nozzie,
Test S-SF-4 (DPSC*SI B2)
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219

Differennial pressure in intact loop steam generator steam line break,
Fest S-SF-4 (DPSC*SI B3)

. Differential pressure in intact loop steam generator across break nozzle,

Test S-SF-4 (DPSC*S1.B4)

. Differential pressure across flow orifice in cooling water line to condensate coils,

Test S-SF-4 (DPIC*SBPS)

. Liquid level in core vessel downcomer, Test S-SF-4 (LVD +29-578)
. Liquid level in core vessel, Test S-SF-4 (LV-13M-578)

. Liquid level in core vessel, Test S-SF-4 (LV-105-501)

. Liquid level in core vessel, Test S-SF-4 (LV + 160-13M)

. Liquid level in core vessel upper head, Test S-SF-4 (LV +421 + 160)

. Liquid leve! in intact loop steam generator primary tube, Test S-SF-4 (LIP838-57E)

Liquid level in intact loop steam generator primary tube, Test S-SF-4 (LIP905-57E)

. Liguid level in intact loop steam generator primary tube, Test S-SF-4 (LIP971-57E)

. Liquid level in intact loop steam generator secondary side downcomer,

Test S-SF-4 (LISI117+50)

. Liquid level in intact loop steam generator secondary side downcomer,

Test S-SF-4 (L11117S825) ...

. Liquid level in intact loop steam generator secondary side riser, Test S-SF-4

(L111175836)

. Liguid level in intact loop steam generator secondary side riser, Test S-SF-4

(LISB36 +463) .. ..

. Liquid level in intact loop steam generator secondary side riser, Test S-SF-4

(LIS +463 +89)

Liquid level in intact loop steam generator secondary side across flow shutter,
Test S.SE-4 (LIS + 89+ 50)

Liquid level in broken loop steam generator primary tube, Test S-SF-4 (LBP838-57E) .

Liguid level in broken loop steam generator secondary side downcomer,
Test S.SF4 (LBS1HHT7 +50)

Liquid level in broken loop steam generator secondary side downcomer,
Test S-SF-4 (1 B11175825%)

Liquid level in broken loop steam generator secondary side riser, Test S-SF-4
(1 BI117SK836)




Microfiche sheet

240, Liguid level in broken loop steam generator secondary side riser, Test S-SF-4
(1. BSR16 + 463)

241. Liguid level in broken loop steam generator secondary side downcomer,
Test SSSF-4 (1.BS + 825 + 50)

. Liquid level in broken loop steam generator secondary side riser, Test S-SF-4
(LBS + 461 4+ 89)

. Ligud level in broken loop steam generator secondary side, across flow shutter,
Test S SE-4 (1L.BS +89 +50) .

Liguid level in pressurizer, Test S-SE-4 (1L PRZ 146 +25) .
. Ligund level in Catch Tank |, Test S-SSF4(L1CT23+462) .. ..
. Ligud level in Catch Tank 2, Test S-SF-4(1L.2CT23 +462) ..
Liquid level in feedwater tank, Test S-SF-4 (L SCT488 +97)
. Volumetric flow rate in intact loop hot leg, Test S-SF-4(QI*1)
. Volumetric flow rate in intact loop pump suction leg, Test S-SF-4, (QI*15)
. Volumetric flow rate in intact loop cold leg, Test S-SF-4 (Q1*21) .. ..
. Volumetric flow rate in broken loop hot leg, Test S-SF-4 (QB*S0) .. ..
. Volumetric flow rate in broken loop hot leg, Test S-SF-4 (QB*57)
Volumetric flow rate in broken loop cold leg, Test S-SF-4 (QB*79) . ..
. Volumetric flow rate in core vessel downcomer, Test S-SF-4 (QV*DC-423)
. Volumetric flow rate in core vessel guide tube, Test S-SF-4 (QV*GT +321) .. ..

Volumetric flow rate in core vessel downcomer to upper head bypass,
fest S-SF-4 (QV*BYPASS)

Volumetric flow rate in pressurizer surge line, Test S-SF-4 (Q*PRZ-30)

Volumetric tflow rate of intact loop steam generator auxiliary feed supply,
Test S-SSF-4 (QSC*IGAXFW)

Volumetric flow rate of broken loop steam generator auxibary feed supply,
Test SSSEA (QSC*BGAXEW)

. Volumetric flow rate from intact loop high pressure injection system,
Test S.SE-4 (QCI*ILHPIS)

Density in intact loop hot leg, Test S SEF-4 (RI*SM)

Density in broken loop hot leg, Test S-SE-4(RB*S7TM)




Microfiche sheet

263,

264,

265.

267.

Density in core vessel downcomer, Test S-SF-4 (RV*DC-

-3
rJ

Density in core vessel downcomer, Test S-SF-4 (RV*DC-260)
Density in core vessel downcomer, Test S-SF-4 (RV*DC-456) . ..
Density in core vessel, Test S-SF-4(RV*AB-6) .. .. . .. e v B I J e

Density in core vessel, Test S-SF-4 (RV*23+13) .. .. .. et e, WA

. Density in core vessel, Test S-SSF4(RV*234+113) ... ... . . ..
. Density in core vessel, Test S-SF-4 (RV*AB+173) ...... ... ........vun..

. Density in core vessel, Test S-SF-4 (RV*234183) .. ... ... ...........

Density in core vessel, Test S-SF-4 (RV*23+253) ....................

Density in core vessel, Test S-SF-4 (RV*234342) .. ... .. ... oo,

. Deniity in core vessel upper plenum, Test S-SF-4 (RV*UP-11) ... ............
. Density in core vessel upper head, Test S-SF-4 (RV*UH+173) ..............
. Density in core vessel upper head, Test S-SF-4 (RV*UH+339) ..............
. Core heater current, high power bus, Test S-SF-4 (IV*HIPWBUS) ..........
. Core heater voltage, high power bus, Test S-SF4(EV*HIPWBUS) ..........

. Core heater current, low power bus, Test S-SF-4 (IV*LOPWBUS) ...........

Microfiche sheet . . R Rt oA 0 et WD B Ak W € R HRSIAATE X VIR ST S 2

280.

281

282

2813,

284,

285

279.

Core heater voltage, low power = Test S-SF4 (EV*LOPWBUS)

Core heater power, high power bus, calculated, Test S-SF-4 (KWH*HIC) .. ..
Core heater power, low power bus, calculated, Test S-SF-4 (KWH*LOC) .....
Core heater power, total, calculated, Test S-SF-4(LWH*TOTC)

External heater current, core vessel, Test S-SF-4 (IH*UNIT357) ...

External heater voltage, core vessel, Test S-SF-4 (EH*UNIT357)

External heater power, calculated, core vessel, Test S-SF-4 (KW*EH*VESS)

Fxternal heater current, intact loop pump suction, Test S-SF-4 (IH*UNIT258)

I xternal heater voltage, intact loop pump suction, Test S-SF-4 (EH*UNIT358) .

\NvVHE

001
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288. External heater power, calculated, intact loop pump suction, Test S-SF-4
(KW EH*ILPS)

289. External heater current, broken loop pump suction, Test S-SF-4 (EH*UNIT359)
290, External heater voltage, broken loop pump suction, Test S-SF-4 (EH*UNIT159)

291. External heater power, calculated, broken loop pump suction, Test 5-SF-4
(KW*EH*BI PS)

292, External heater current, intact and broken loop cold leg, Test S-SF-4 (IH*UNIT360)
293, External heater voltage, intact and broken loop cold leg, Test S-SF-4 (EH*UNIT360)

294, External heater power, calculaied, intact and broken loop cold leg,
Test SSSE-4 (KW EH*IBCL)

295, External heater current, intact and broken loop ho* leg, Test S-SF-4 (IH*UNIT361)
296. External heater voltage, intact and broken loop hot leg, Test S-SF-4 (EH*UNIT361)

297. External heater power, calculated, intact and broken loop hot leg,
Test S.SSF4 (KW*EH*IBHL)

298. Intact loop pump current, Test S-SF-4 (11*PUMP)

299 Intact loop pump voltage, Test S-SF-4 (EI*PUMP) ... ... ... ..., AR 1 I -
300. Intact loop pump angular velocity, Test S-SF-4 (WI*PUMP)

101, Broken loop pump angular velocity, Test S-SF-4 (WB*PUMP)

302. Broken loop pump power Test S-SF-4 (KWB*PUMP)

103, Valve position, intact loop steam generator steam exhaust, Test S-SF-4 (XSC*IGSTM) ..
104, Fluid temperature in intact loop hot leg, Test S-SFE-S(TFI*1)

305, Fluid temperature i intact loop steam generator inlet leg, Test S-SE-S(TFI1*5)

106. Fluid temperature in intact loo” steam generator outlet leg, Test S-SF-S(TFI*9)

107. Fhad temperature in intact loop pump suction, Test S-SF-5 (rFI*17)

308, Flud temperature in intact loop cold leg, Test S-SE-S(TFI*21)

309. Fluid temperature in intact loop cold leg, Test S-.SE-S(TFI*22)

1O, Fluid temperature in brokes loop hot leg, Test S SE-S(TFR*S0)

1. Fluid temperature tn broken loap steam generator et leg, Test S-SE-S(TFB*ST)

12 Flud temperature in broken loop steam generator outlet leg, Test S SE-S(TFB*62) —
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313,

34

318,

316,

317.

318.

319.

320.

J21.

329.

330.

331

332.

333.

334

13§.

116,

337

Fluid temperature in broken loop pump suction, Test S-SF-S(TFB*64)

Fluid temperature in broken loop pump suction, Test S-SF-S(TFB*73) ... ... . ...

Flaid temperature in broken loop cold leg, Test S-SF-S(TFB*74) ... .. ... .. 2R s d
Fluid temperature in broken loop cold leg, Test S-SF-5(TFB*79) ... . ... .. .. B e
Fluid temperature in vessel downcomer, Test S-SF-S(TFV*DC-84) . .......... ... ... ... ..
Fluid temperature in vessel downcomer, Test S-SF-5 (TFB*DC-436) . .. ... ............. ..
Fluid temperature in vessel upper plenum, Test S-SF-S (TFV*UPM-13) ... ... ... .. .. ..
Fluid temperature in vessel upper p'2num, Test S-SF-S (TFV*UP+79) ... ... ... ..........

Fluid temperature in vessel upper head, Test S-SF-S (TFV*UHQI®) .................. ...

. Fluid temperature in vessel upper head, Test S-SF-S(TFV*UH +343) ... ... ..............
. Fluid temperature in vessel upper head, Test S-SF-S(TFV*UH4402) .....................
. Fluid temperature in vessel upper plenum bypass line, Test S-SF-S (TFV*BYPASS) .........
5. Fluid temperature in core, Grid Spacer 2, Test S-SF-S(TFV*B3+46) .....................
. Fluid temperature in core, Grid Spacer 4, Test S-SF-5 (TFV*D1+126) . ...................
. Fluid temperature in core, Grid Spacer 4, Test S-SF-S(TFV*A4+126) . ...................

. Fluid temperature in core, Grid Spacer 4, Test S-SF-S(TFB*B3+126) ....................

Fluid temperature in core, Grid Spacer 5, Test S-SF-S(TFV*B3+166) ... ... .. ...........
Fluid temperature in core, “irid Spacer 7, Test S-SF-S(TFV*B3+246) ....................
Fluid temperature in core, Grid Spacer 8, Test S-SF-S(TFV*A4+286) . ..................,
Fluid temperature in core, Grid Spacer 9, Test S-SF-S(TFV*B3+326) ...............
Fluid temperature in core, Grid Spacer 10, Test S-SF-S(TFV*A4 +366) .....

Fluid temperature in intact loop steam generator, primary side, Test S-SF-§
(THIP + L H30) "y . : R Ty

Fluid temperature in intact loop steam generator, primary side, Test S-SF-§
(TFIP + | H84)

Fluid temperature in intact loop steam generator, primary side, Test S-SF-5
(THIP + 1 H452)

Flund temperature in intact loop steam generator, primary side, Test S-SF-§
(THIP + SHR'S)

NN
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138

119,

340,

341.

342.

343,

144,

345.

346.

347,

348,

349

19

351,

sz

354,

188

Fluid temperature in intact loop steam generator, primary side, Test S-SF-

(THFIP + 1 H922)

Fluid temperature in intact loop steam generator, primary side, Test S-SF-

(TFIP + LC78S)

Fluid temperature
(THIP + SCH68)

In intact loop steam generator,

Fluid temperature in intact loop steam generator, primary side, Test S-SF-

(TFIP +1.C333)

Fluid temperature
(TFIP +1.C211)

Fluid temperature
(TFIP +SC211)

Fluid temperature

in intact loop steam generator,

(TFBP + LHI1S52) ..

Fluid temperature

(TFBP +SH211) ..

Flind temperature
(TFBP + L H211)

Fluid temperature
(TFBP + LH272)

Fluid temperature
(TEBP + 1. H394)

Fluid temperature
(TFBP + 1 H452)

. Fluid temperature

(TFBP + LH7RS)

Fluid temperature
(TEBP + LH922)

Fluid temperature
(TFBP + 1 C78%5)

Fluid temperature
(TFBP 4+ SC452)

Fluid temperature
(TFBP + 1 C452)

Fluid temperature
(TFBP +1.C211)

002
b
.......... -
5
primary side, Test S-SF-§
5
primary side, Test S-SF-§

in broken loop steam generator

in broken loop steam generator

in broken loop steam generator

in broken loop steam generator

in broken loop steam generator

in broken loop steam generator

in broken loop steam generator

N

, primary side,

, primary side,

, primary side,

. primary side,

, primary side,

., primary side,

. primary sude,

Test S-SF-5

Test S-SF-§

Test S-SF-S

Test S-SF-§

Test S-SF-§

Test S-SE-S
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156. Fluid temperature of teedwater for intact loop steam generator at flow orifice,
Fest SSSE-S (TFSC*IGEDW) | v e o Py T, RS e

—

357, Fluid temperature of feedwater at injection point for intact loop steam generator,

Fest S-SE-S (TFSC*IGFWL) e e et ® T Ty g By C0 M AT T
358, Fluid temperature of auxiliary feedwater for intact loop steam generator,

TEEL S-SF-3 (TPOCPTAXEWY . ... v cona v d neivns anninvsnlbonndals s mms o isysssassns s
359. Fluid temperature in intact loop steam generator, secondary side downcomer,

TR R A s BN L) e e R - s B s e g S R e
360. Fluid temperature in intact loop steam generator, secondary side downcomer,

TNl HRERRERACNETY: - v » kv 84 » 5 7.4 St 52016 o 55 6% 1 AN ¥ 7 56 AT AT g Bl po L aatd
361. Fluid temperatare in intact loop steam generator, secondary side downcomer,

T8t S-SF-5 (TFISPD F800Y . . . oo vvvvavsnionyasiomsnsssssdsssbsdnsinsns esbessassssns
362. Fluid temperature in intact loop steam generator, secondary side downcomer,

Test S:SES (TFISPRETELY .. icvvvvvomonims as srmin et sy wion@s & §uivin o s o wms b wbb 5o alh 3hirs
363. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-5

RN BBRIIE 5 i i h s 5 0 A s s /% A5 £ 0k B A 55 35 BTE T it il T ¥ M BT s EAD
364. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(TFIS*SHB84) . ... ... N et S R D 3 0 T 0 A T e T sl T 2 v P Rl
365. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-5

(TFIS*LHB4) . .. .. v e g DA e T e e ¥ e e ey e wol e nbad o Bad f sink v Rt
366. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(TFIS+1.C84) . . P T O e b e ey i D e T Pl SO R I i -
367. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(TFIS*LHIS2) ...... T T A A e SRR Sy § e et Ll 16 AR5 2%
368. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(TEIS+«1L.C211)y ... .. R T L e e
369. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(TFIS + 1.C333) - e S P o o B el ¥ ok BT Pt s ity
370. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(THIS + SC131y) .+ . - o 5 A% b
371. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§

(THFIS + 1 H394)
372, Fhoad temperature i antact loop steam generator, secondary side, Test S-SF-§

(TFIS + SH452) —

X!
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373. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§
(TFIS + 1 H452)

374. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§
(TFIS +1.C452) .

. Fluid temperature in intact loop steam generator, secondary side, Test S-SF-§
(TFIS + 1 H78S)

. Fluid temperature in intact loop steam generator, secondary side, steam dome,
Test S-SF-S (TFIS+1117) ..

. Fluid temperature of teedwater at injection point for broken loop steam generator,
Fest S-SF-5 (TFSC*BGFWIL) ..

. Fluid temperature of auxiliary feedwater for broken loop steam generator,
Test S-SF-5 (TFSC*BAXFW) .

Fluid temperature in broken loop steam generator, secondary side downcomer,
Test S-SF-S (TFBS*D +152)

. Fluid temperaisve in broken loop steam generator,
Test S-SF-S (TFBS*D + 3(4)

. Fluid temperaiure in broken loop steam generator,
Test S-SF-S (TFBS*D +457) ..

. Fluid temperature in broken loop steam generator,
Test S-SF-S(TFBS*D +610) .

Fluid temperature in broken loop steam generator,
Test S-SF-S(TFBS*D +761) .

. Fluid temperature in broken loop steam generator, secondary
Test S-SF-5 (TFBS + LH61)

. Fluid temperature in broken loop steam generator, secondary side,
Test S.SF-5 (TFBS +1.C849)

Fluid temperature in broken loop steam generator, secondary side,
Test S-SE-5 (TFBS + 1L H211)

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-5 (TFBS +1.C211)

Fluid temperature in broken loop steam generator, secondary
Test S-SF-S (TFBS + 1 H333)

Fluid temperature in broken loop steam generator, secondary side,
Test SSSEF-S(TFBS + SC33y
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190

391.

191

194,

398,

396.

197.

398,

199

400,

404,

405.

406

407

40X

Fluid temperature in broken loop steam generator, secondary side,
Fest SSSF-5 (TFBS +1.C313)

Fluid temperature in broken loop steam generator, secondary side,
Fest S-SF-S (TFBS + 1 H194)

. Fluid temperature in broken loop steam generator, secondary side,

Test S-SF-5 (TFBS+SH452) ...........

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-§5 (TFBS+1LH482) ................ L PR T L P A e

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-S (TFBS+1.C452) ........ . T b win s Sl & s B e i e g

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-5 (TFBS+1LHS36) ................... e it B e W4 2 e et v LI O

Fluid temperature in broken loop steam generator, secondary side,
FONL eSS [NFESEEIREY . i oo v v ix vnvanasind #0208 ZTE ook b £ Bl £ Sin T

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-5 (TEBS+LCT8S) ...t iiiiinininsannss

Fluid trmperature in broken loop steam generator, secondary side,
S-SRl TR EBIRREEY + .« oo 2575 ¥4 45 stciitis o b 30500 Ak b f%a 0 3 4k a5ob -0k 3o e BTl A0

Fluid temperature in broken loop steam generator, secondary side,
Test S-SF-S (TFBS+LH922) ................. v we m Ak il B W 51 SRR Ty 18 =

Fluid temperature in broken loop steam generator, secoudary side, steam dome,
Test S-SF-S (TPBSHMIY) ....cccivnivirininsns dee o L1 B2 e i B e ks P S e

Fluid temperature in pressurizer, Test S-SF-S (TF*PRZ +132) ... ... ...

. Fluid temperature in pressurizer, Test S-SF-S (TF*PRZ-73) ..............

. Fluid temperature of pressurizer at injection point to Spool Piece 3, Test S-SF-§

(TE*PRZ*13)

Fluid temperature upstream of break nozzie in intact loop steam generator,
Test S-SE-5 (TFSC*IGSTM)

Fluid temperature upstream of break nozzle in broken loop steam generator,
Test SSSE-S (TFSC*BGSTM)

Fluid temperature in Catch Tank 1, Test SSE-S(TF*CTI +0)
Fluid temperature in Catch Tank 2, Test S-SF-S(TF*CT2+0)

Fhnd temperature of broken loop steam generator effluent out of condensate coils,
Test SSSE-S (TF*BGCON®*0)

A\

002
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409,

410.

414

415.

416.

417.

418

419.

420.

421,

422.

424

425,

426

427
2

428

429

| —
Fluid temperature of cooling water coming out of condensate coils,
i R g e U R R St WS RNy  R £ O L

. Metal temperature of core vessel upper head filler piece, Test S-SF-5 (TMV*FPD + 79)

. Metal temperature of core vessel upper head filler piece, Test S-SE-S (TMV*FPE221) .. ..
Metal temperature of core vessel upper head thermal shield, Test S-SF-S(TMV*TSQ221) .. ..
Metal temperature of intact loop steam generator tube, Test S-SF-5 (TMIG + 1. H452) .

Metal temperature of broken loop steam generator tube. Test S-SF-S (TMBG + LC84)
Metal temperature of broken loop steam generator tube, Test S-SF-5 (TMBG + LH452) .. .. ..
Metal temperature of intact loop cold leg, under external heaters, Test S-SF-§
(TMEH*16) e b e 28 e T e e P 1 0 e T e e A R Rt
Metal temperature of intact loop cold leg, under external heaters, Test S-SF-5
(TMEH*22) .. g o ot W 3¢ o B a5 o e B Al R B et ol o e ewal e R by e v e
Metal temperature of broken loop cold leg, under external heaters, Test S-SF-5
(TMEH*72M) | i 191 Bt ik T R S o X T et B TR o e TREE s O s b S B s B
Metal temperature of broken loop cold leg, under external heaters, Test S-SF-5
(TMEH*73) o v e Uney et B B e e L L e S b
Metal temperature of core vessel under external heaters, Test S-SF-S (TMEH*V-196) .. ... ..
Metal temperature of core vessel under external heaters, Test S-SF-5 (TMEH*V-30)
. Material temperature of intact loop hot leg external heaters, under insulation,
Test SSSE-S (TEH*Y)
Material temperature of intact loop hot leg external heaters, under insulation,
Test S-SF-5S (TEH*7) R TT . B o 212 o
Material temperature of intact loop cold leg external heaters, under insulation,
Test S-SF-S (TEH*S)
Matenal temperature of intact loop cold leg external heaters, under insulation,
Test SSF-S (TEH*1})
Material temperature of intact loop cold leg external heaters, under insulation,
Test SSSF-S (TEH*16)
Material temperature of intact loop cold leg external heaters, under insulation,
Test SSSE-S (TEH*17)
Matenal temperature of intact loop cold leg external heaters, under insulation,
Test SSSE-S (TEH*1Y) a—

Fluid temperature of cooling water going into condensate coils, Test S-SF-$
(THIC*SBIN)
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434,

436.

437.

438,

439.

446

“Matenal temperature of intact loop cold leg external heaters, under insulation,
fest S-SF-5 (TEH*22) o, iy e Tt U bvm M S e D R
Material temperature of broken loop hot ieg external heaters, under insulation,
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. Material temperature of broken loop hot leg external heaters, under insulation,
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Material temperature of broken loop hot leg external heaters, under insulation,
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Material temperature of broken loop pump suction external heaters, under insulation,
T T R 1 T P EUNE St ST ol L PSS

5. Material temperature of broken loop pump suction external heaters, under insulation,
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Material temperature of broken loop pump suction external heaters, under insulation,
TR GBS CORMOANGY ..« ovi i v o v smsas s noibn sl s ak s awivs oo b evsaivene v s v s a

Material temperature of broken loop pump suction external heaters, under insulation,
Test S-SF-SITEH OB .........0cuunscussnsaroesnsonsssssnesnssasosssssessnsssssss

Material temperature of broken loop pump suction external heaters, under insulation,
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Material temperature of broken loop pump suction external heaters, under insulation,
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Material temperature of broken loop cold leg external heaters, under insulation,
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. Material temperature of broken loop cold leg external heaters, under insulation,
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. Matenal temperature of core vessel downcomer exterral heater, under insulation,
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. Material temperature of core vessel external heater, under insulation,
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Material temperature of core vessel external heater, under insulation,
TSt S-S -8 (TEH OV -196) ... ..ottt rneinesnsnonaninesnsssssassessaesnssassanns

Material temperature of core vessel external heater, under insulation,
Test S-SE-S (TEH*V-30) v P mp kxR g B s e N SRR PPt 0

Material temperature of core vessel upper plenum external heater, under insulation,
Test S-SF-5 (TEH*V +101)

Material temperature of core vessel upper head external heater, under insulation,
Test S-SF-S (TEH*V +249)
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448. Material temperature of core vessel upper head external heater, under insulation,
Test S-SF-5 (TEH*V + 386)

449. Core heater temperature, Rod B-3, Test S-SF-S (THV*B3 +114) .

. Core heater temperature, Rod B-3, Test S-SF-5 (THV*B3 + 184)
. Core heater temperature, Rod B-3, Test 5-SF-5S(THV*B3 +229)
. Core heater temperature, Rod B-4, Test S-SF-5 (THV*B4 + 140) ..
. Core heater temperature, Rod C-2, Test S-SF-S(THV*C2+137)
. Core heater temperature, Rod C-3, Test S-SF-5 (THV*C3 + 140)

S. Core heater temperature, Rod C-4, Test S-SF-5 (THV*C4 + 142)
. Core heater temperature, Rod C-4, Test S-SF-5(THV*C4 + 187)
. Core heater temperature, Rod D-2, Test S-SF-S(THV*D2 + 16)
. Core heater temperature, Rod D-2, Test S-SF-5S(THV*D2 +254)
. Core heater temperature, Rod D-2, Test S-SF-S(THV*D2 +321)
. Core heater temperature, Rod D-3, Test S-SF-5(THV*D3 + 109)
. Core heater temperature, Rod D-4, Test S-SF-5(THV*D4 +179)
. Core heater temperature, Rod A-2, Test S-SF-S(THV*A2 + 353)
. Core heater temperature, Rod A-3, Test S-SF-S(THV*A3 +76)
. Core heater temperature, Rod A-3, Test S-SF-5(THV*A3+157) ....
. Core heater temperature, Rod A-3, Test S-SF-S(THV*A3 +208) ..

Core heater temperature, Rod A-3, Test S-SF-S(THV*A3 +228)

Core heater temperature, Rod A-3, Test S-SF-S(THV*A3 +291)

. Core heater temperature, Rod B-1, Test S-SF-5 (THV*B1 +183) ..

. Core heater temperature, Kod B-1, Test S-SF-S (THV*BI1 +253)
Core heater temperature, Rod C-1, Test S-5F-S(THV*CI +79)
Core heater temperature, Rod C-1, Test S-SF-S (THV*C1 +211)

. Core heater temperature, Rod C-1, Test S-SF-S (THV*C1 +292)

Core heater temperature, Rod C-5, Test S-SF-S(THV*CS +13})
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474. Core heater temperature, Rod C-5, Test S-SF-S(THV*CS + 228)

475, Core heater temperature, Rod D-1, Test S-SF-S(THV*DI1 +131) .

476. Core heater temperature, Rod E-2, Test S-SF-5 (THV*E2 + 109) .

477. Core heater temperature, Rod E-2, Test S-SF-S(THV*E2 + 181)

478. Core heater temperature, Rod E-3, Test S-SF-S (THV*E3 +211)

479. Core heater temperature, Rod E-5, Test S-SF-5 (THV*ES +227)

480. Pressure in intact loop hot leg, Test S-SF-5 (PI*1)

481. Pressure in broken loop hot leg, Test S-SF-5 (PB*50) .

482. Pressure in broken loop cold leg, Test S-SF-5(PB*79) ... ... ... ... .o iiiiiiiiiiiinnnin.
483. Pressure in core vessel upper pleitiim, Test SSF-S(PV*UP-13) ... ... ..o i,
484. Pressure in core vessel upper head, Test S-SF-S(PV*UH+421) ...........0iiiiiiinin..
485. Pressure in intact loop steam generator steam dome, Test S-SF-S(PIS+1117) ..............
486. Pressure in broken loop steam generator steam dome, Test S-SF-S(PBS+1117) . .........

487. Pressure in pressurizer, Test S-SF-S (P*PRZ +158) .......ccviviivr trviiirenesensnnnsos

. Pressure in intact loop steam generator steam exhaust at flow orifice,
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. Pressure in broken loop steam generator steam exhaust at ilow orifice,
TR SO S PO EIEEIRY ... . .10 a7 - 5 68 SR b L e Ao T e e B e B e e

. Pressure in broken loop steam generator effluent into condensate coiis,
g WD S e kR e RN R e ROl e B e e e S S e

. Pressure of cooling water to condensate coils, Test S-SF-S(PIC*SBP8) ....... ...........
. Differential pressure in intact loop hot leg, Test S-SF-S(D-VI3A®*IS) .....................

. Differential pressure through intact loop steam generator primary side, Test S-SF-§
PP SN s vn i i ea B T e o mele Epkey Bem e, e T

. Differential pressure in intact loop pump suction leg, Test S-SF-S(DPI*9*14) ... ... ........
. Differential pressure in intact loop pump suction leg, Test S-SF-S (DPI*14*18)

. Differential pressure through intact loop pump, Test S-SF-5 (DPI*21*1¥)

Differential pressure in intact ioop cold leg, Test S-SF-S (D*121 4+ VD29) .

. Differential pressure in broken loop hot leg, Test S-SF-5(D-VI3A*BS7)
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499. Differential pressure through broken loop steam generator primary side,
Test S.SE-§5 (DPB*57%62)

SO0, Differential pressure in broken loop pump suction leg, Test S-SF-S(DPB*62*65)

501. Ditferential pressure in broken loop pump suction leg, Test S-SF-5 (DPB*65*73)
502. Dafferential pressure through broken loop pumyp, Test S-SF-5 (DPB*74*73)
503. Differential pressure in broken loop cold leg, Test S-SF-S(D*B74 + VD29) ..

504, Differential pressure through core vessel downcomer to upper head by pass,
Test S-SE-5 (DVD +29 + 160)

505, Differential pressure in intact loop steam generator feedwater supply. across
flow orifice, Test S-SE-S(DPSC*IGFDW) .

506. Differential pressure in broken loop steam generator feedwater supply, across
flow orifice, Test S-SF-5 (DPSC*BGFDW) . ... ...

SO7. Differential pressure across preisurizer surge line, Test S-SF-S (DP*PRZ*13C) ......

SOB. Differential pressure in broken loop steam geneiat s steam lLine break,
Test S-SF-5 (DPSC*SLBI) ... ..

S09. Differential pressurc in broken loop steam generator «ross br-ak nozzle,
Test S-SF-§ (DPSC*SLB2) PSP T A T SRS S e g SR

510. Differential pressure in intact loop steam generator steam line break,
Test S-SE-S (DPSC*SLB3) .. A M M AT A

S11. Differential pressure in intact loop steam generator across break nozzle,
TONL SOW=S (EVPICBEII oo o oo i e pE e n o e

512, Differential pressure across flow orifice in cooiing water line to condensate coils,
Test S-SF-5 (DPIC*SBPR) : A o e e e

S13. Liquid level in core vessel downcomer, Test S-SF-S(L.VD 4 29-578) .. ..
S14. Liquid level in core vessel, Test S-SF-5 (LV-I3M-S78) .. ... ... .. ..... . ......
S1E. Liguid level in core vessel, Test S-SF-S (LV-105-501) ...........

S16. Liquid level in core vessel, Test S-SF-5 (LV + 160-13M)

317, Ligquid level in core vessel upper head, Test S-SF-S(LV +421 +160) .. TR &0

S18. Liguid level in intact 'oop steam genera or primary tube, Test ©-SF-5 (L 1P838-57F)

S19. Liquid level in intact loop steam generator primary tube, Test S-SF-5 (L{790S-5TE)

§20. Ligquid level in intact loop steam generator primary tube, Test S-SE-S(LIP971-57F) ‘ —_—
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521. Liguid level in intact loop steam generator secondary side downcomer,
Test S-SE-S (LIS1117 + 50)

522. Liquid level in intact loop steam generator secondary side downcomer,
Test S-SF-5 (L111175825)

523. Liquid level in intact loup steam generator secondary side riser, Test S-SF-$§
(L111175836) LK 5 AR AR S KV ADER Ll T AT ¥ SR ¥ A e i e Fond v a et ol = Bt o enlE

524, Liquid level in intact loop steam generator secondary side riser, Test S-SF-§
(11IS836 + 463) . S e e & A B R A e e bk ik b B B A e s i

§25. Liquid level in intact loop steam generator secondary side riser, Test S-SF-5
(LIS +463 +89) ok B T b oo Ll S O A6 e Y A R 01 R e D R

§26. Liquid level in intact loop steam generator secondary side, across flow shutter,
FOBE SNl (RIS BRI .o voiiny insinid s s dbie s sienssnnsasosns ensseelss s

$27. Liquid level in broken loop steam generator primary tube, Test S-SF-5 (LBP338-S7E) .... ...

§28. Liquid level in broken loop steam generator secondary side downcomer,
Test S-SF-5 (LBS1117+450) ... ... .. . s v ve b R o e b Bl e e B e N e e ot e a8

529. Liquid level in broken loop steam generator secondary side downcomer,
Test S-SF-S (LBI1117S82S) ....... K e b 5 3 B Bl 8 B o a3 2 A

530. Liguid level in broken ioop steam generator secondary side riser, Test S-SF-5§
(LBIII7SB36) . ... .. .. ... b s e e 5 w0613+ S 6 Bt B e B AR & 16 ST S g HE o e BaT)

531. Liquid level in broken loop steam generator secondary side riser, Test S-SF-5
(LBSB36+463) ... .. ... . .. A R e o P e et

S32. Liguid level in broken loop steam generator secondary side downcomer,
Test S-Si-5 (LBS+825450) ............. I B

$33. Liquid level in brokea loop steam generator secondary side riser, Test S-SF-S
(EBS+M3 4D . ivnicvinins T o o L 1T e e Ty 94 n B e v R

$34. wquid level in brokan loop steam generator secondary side, across flow shutter,
TN TS (ETDCIE TN <o s il x5 5 A 300 o 2w s w0 378 TN 5 5 5K K B 5 A K B o raREN

S35, wqud fevel in pressurizer, Test S-SF-S(LPRZI146+25) .. .. ... .. ... i
$76. Ligquid level in Catch Tank 1, Test S-SF-S(L1CT23 +462) ... .. T T ey R
€37. Liguid level in Catch Tank 2, Test S-SF-S(L2CT234462) ........ .. coiiiiiniiiinianinnn
538. Liquid level i feedwarer tank, Test S-SF-S (LSCT28B+97) .. ... ... i
£39. Volumetric flow rate in intact loop hot leg, Test S-SF-5(QI1*1)

540. Volumetric tlow rate in intact loop cold leg, Test S-SF-5(Q1*21)

NN




Microfiche sheet

541

542

-

Volumetric tlow rate in broken loop pump suction, Test 5-SEF-5(QRB*73)
Volumetric flow rate in broken loop coid leg, Test S-SF-5(QB*79)

Volumetric flow rate in core vessel downcomer, Test S-SE-S(QV*DC -423)

Volumetric flow rate in core vessel guide tube, Tect S-SE-SQV*GT + 321)

Volumetric flow rate in core vessel downcomer to upper head bypass,
Test S-SF-§ (QV*BYPASS)

Volumetric flow rate in pressurizer surge line, Test S-SF-S(Q*PRZ-30)

Volumetric flow rate of intact loop steam generator auxihiary feed supply,
Test S-SEF-S (QSC*IGAXEW)

Volumetric flow rate of broken loop steam generator auxiliary feed supply,
Test S-SF-S (QSC*BGAXFW)

Microfiche sheet

549,

550.

Volumetric flow rate from intact loop high pressure injection system,
Test S.SE-5 (QCI*ILHPIS)

Density in intact loop hot leg, Test S-SF-S (RI1*5SM)

. Density in broken loop hot leg, Test S-SF-S (RB*S7TM)

Density in core vessel downcomer, Test S-SF-S(RV*DC-72) ..

Density in core vessel downcomer, Test S-SF-5{(RV*D(C-260)

. Density in core vessel downcomer, Test S-SF-S (RV*DC-456)

Density in core vessel, Test S.SF-S(RV*AB-6)

Density in core vessel, Test S-SF-S (RV*23 4 13)

Density in core vessel, Test S-SF-S(RV*231+4113)

Density in core vessel, Test S-SE-S(RV*AB +173)

Density in core vessel, Test S-SF-5 (RV*23 + 183) .

Densiiy in core vessel, Test S-SF-S (RV*23 +253)

Density 1n core vessel, Test S.SF-S(RV*23 +342)

Density in core vessel upper plenum, Test S-SF-S(RV*UP-11)
Density in core vessel upper head, Test SSSE-S(RV*UH +173)

Bensity in core vessel upper head, Test SSSF-S(RV*UH + 3119)
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§65. Core heater current, high power bus, Test S-SF-S (IVCHIPWBLU'S)

$66. Core heater voltage, high power bus, Test S-SF-S(EV*HIPWBLUS) |

. Core heater current, low power bus, Test S-SF-5 (IV*LOPWBL'S)

Core heater voltage, low power bus, Test S-SF-S(EV*LOPWBLUS)

. Core heater power, high power bus, calculated, Test S-SF-S (KWH*HIC) ... ... ..

. Core heater power, low power bus, calculated, Test S-SF-S(KWH*LOC) ... . ...
Core heater power, total, calculated, Test S-SF-S (KWH*TOTC) ... ..

. External heater current, core vessel, Test S-SF-S (IH*UNIT357) ... .. ...

. External heater voltage, core vessel, Test S-SF-S (EH*UNIT357) .......... e
. External heater power, calculated, core vessel, Test S-SF-S(KW*EH*VESS) ........ ...

. External heater current, intact loop pump suction, Test S-SF-5 (iIH*UNIT3S8) .............
. External heater voltage, intact loop pump suction, Test S-SF-S(EH*UNIT358) . ............

. External heater power, calculated, intact loop pump suction, Test S-SF-5
CC O L - v s e o P i o R e s eam ¥ oa a8 A i T Tl e e T l

. External heater current, broken loop pump suction, Test S-SF-5 (IH*UNIT359) ............
. External heater voltage, broken loop pump suction, Test S-SF-S (EH*UNIT359) ... ..

. External heater power, calculated, broken loop pump suction, Test S-SF-§
(KWEH*BLPS) .......... L . e b T a vl b e G w4k Bl

. External heater current, intact and broken loop cold leg, Test S-SF-5 (IH*UNIT360) .
. External heater voltage, intact and broken loop cold leg, Test S-SF-S (EH*UNIT360) .

. External heater power, calculated, intact and broken loop cold leg,
Test S-SF-§ (KWCEH*IBCL) ......... L O T Tl e e

. External heater current, intact and broken loop hot leg, Test S-SF-S (IH*UNIT361) . ..
_ External heater voltage, intact and broken loop hot leg, Test S-SF-5S (EH*UNIT361) .

External heater power, calculated, intact and broken loop hot leg,
Teut SSSE-S(KWHEH*IBHL)

. Intact loop pump current, Test S-SF-S (1I*PUMP)

. Intact loop pump voltage, Test S-SF-S(E1*PUMP) : P
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SX9. Intact loop pump angular velocity, Test S-SF-S (WI*PUMP)
590. Broken loop pump angular velocity, Test S-SF-5 (WB*PLIMP)

S91. Broken loop pump power, Test S-SF-S (KWB*PUMP)

§92. Valve position, intact loop steam generator steam exhaust, Test S-SF-5 (XSC*IGSTM) —

l. Semiscale Mod-2A system reference elevations . ; 9

(]

Specified versus actual initial conditions for Tests S-SF-4 and S-SF-§ ‘ . 15
3 Sequence of events, Test S-SF-4 7 16
4. Sequence of events, Test S-SF-§ g Lo 17

Data presentation for Semiscale Mod-2A Tests S-SF-4 and S-SF-5



EXPERIMENT DATA REPORT FOR
SEMISCALE MOD-2A MAIN STEAM LINE BREAK
EXPERIMENTS (Tests S-SF-4 and S-SF-5)

INTRODUCTION

The Semiscale Mod-2A experiments represent
the current phase of the Semiscale Program
conducted by EG&G Idaho, Inc., for the United
States Government. The program, sponsored by
the Nuclear Regulatory Commission (NRC)
through the Department of Energy, is part of the
overall NRC Water Reactor Research Program to
mvestigate the response of a pressurized water
reactor (PWR) system to hypothesized loss-of-
coolant accidents (1 OCAs) or abnormal operating
transients. The underlying objectives of the
Semiscale Program are to quantify the physical
processes that control system behavior and to
provide an experimental data base for assessing
reactor safety evaluation models. The program
has the further objective of providing support to
other experimental programs in the forms of
Instrument assessment, test series optimization,
selection of test parameters, and comparative
evaluation of test results.

I'he Steam and Feedwater Line Break Scoping
Experiment Series (Series SF) was formulated in
response to NRC needs concerning specific
licensing issues centered around PWR transient
response during steam generator secondary side
main steam line or main feedwater line ruptures,

Fests S-SF-4 and S-SF-5 were conducted in the
Semiscale Mod-2A facility on May 26, 1982 and
June 3, 1982, respectively, as part of the main
steam line break in the SF test series. The steam
line break tests investigate the thermal and
hydraulic phenomena that occur when overcool-
ing of the primary sidc takes place due to the
temporarily enhanced heat sink caused by a
secondary side blowdown. The tests were imtiated
from hot standby conditions because it was
predicted to be a more limiting case for excessive
primary side cooldown. The primary objectives
of Tests SSF-4 and -5 were tourtfold; 1o deter
ame  the prnimary-to-secondary  heat transter
charactenstics as a function of time and steam

generator inventory; to provide a reference data

base for assessing the capabilities of water reactor
safety codes to predict integral system behavior in
response to secondary side transients; to provide a
data base for specifying future experiments; and
to characterize the influence of boundary condi-
tions such as break size, loss of offsite power
assumptions for Test S-SF-§, and emergency core
cooling and feedwater train performance.

The break sizes for Tests S-SF-4 and -5 were
scaled from a Westinghouse four-loop plant. The
break nozzle was sized to provide the scaled
critical flow rate reported for the main steam line
flow restrictors at normal operating pressure. The
scaling basis for Tests S-SF-4 and -5 were 100%
and S50%, respectively, of the 16-in.-inner-
diameter main steam line flow restrictor. Due to
the “‘scoping’ nature of these experiments, it is
realized that they will not simulate the exact
response of a Westinghouse plant to these
transients, F owever, these experiments will
identify the dominant parameter trends which
ultimately control the severity of the transient.

This report presents the data from Tests S-SF-4
and -5 in an uninterpreted, but readily useable
form, for use by the nuclear community in
advance of detailed analysis and interpreta-
tion. A brief description of the system configura-
tion, procedures, and sequence of events for
Tests S-SF-4 and -5 is presented, followed by the
data graphs, comments, and supporting informa-
tion necessary for interpretation of the data. An
overall description of the Semiscale Program and
test series, with a more detailed description of the
Steam and Feedwater Line Break Series are con-
tained in References | and 2. Preliminary analysis
and interpretation of the data are presented in
Reference 3.

Information on the data acquisinon system,
posttest adjustments made to the data, and the
methodology used to  establish  measurement
uncertainty limits are presented and explained in
Reference 4




SYSTEM PROCEDURES, CONDITIONS, AND
EVENTS FOR TESTS S-SF-4 AND S-SF-5

System Configuration

The Semiscale Mod-2A primary system was
scaled using a four-loop Westinghouse design as
the reference. The system used for these tests
consists of a core vessel with simulated reactor
internals, including an electrically nowered 25-rod
core and an external downcome ; an intact loop
with steam generator and reactor coolant pump
(RCY), with pressurizer connected, through an
orificed surge line, to the hot leg of the intact
loop, at Spool Piece 3; and a broken loop with
steam generator and RCP, as shown in Figures |
and 2. Figure 3 shows a cross section of the
core vessel and external downcomer. The vessel
core consists of a S x Sarray of internally
heated e¢lectric rods, 23 of which were powered
(Rods Al and E-5 were unpowered). The rods are
geometrically similar to nuclear fuei rods, with a
heated length of 3.66 m and an ouiside diameter
of 1.072 ¢cm. The core power was set up to provide
a symmetric chopped cosine axial power distribu-
tion with a peak-to-average power ratio of 1.235
between the low and high power bus to provide a
total core power of 30 kW, plus heat loss. (The
high power bus consisted of the 9 center rods; the
low power bus consisted of the 14 peripheral
rods.) Figures 4 and S show the instrumentation
penetrations of the core vessel and downcomer,
respectively. A plan view of the core and the
locations of the heater rod thermocouples are
shown in Figure 6. Table | presents a comparison
of the elevation differences between the major
components,

The intact and broken loop steam generators
are of the same two-pass, tube-and-shell design.
Primary fluid flows through vertical, inverted-
U-shaped tubes, and secondary coolant passes
from bottem to top through the shell side. The
intact loop steam generator has two short, two
medium, and two long tubes representative of
the range of bend eclevations im PWR steam
generators. The broken loop steam generator
utilizes only one long and one short tube. An
“off-center™  arrangement of the tubes was
required to provide better volume scaling of the
secondary. The same tube stock (2.22-cm OD x
0.124-cm wall) and tube spacing (3.1785-¢cm
triangular pitch) used for PWR U-tubes were used
in the Semiscale steam generators, Since the heat

transfer arra was speciiied by the ratio of
PWR-to-Semiscale core power, the number of
tubes was thereby fixed by the specified tube
diameter and lengths. Fillers were installed in
the shell side to provide a more properly scaled
secondary fluid volume. Elevations of the
Semiscale Mod-2A steam generator nozzles,
plenums, and tubes are similar to those of a PWR;
however, the steam dome is shorter than that of a
PWR, and the steam drying equipment is of a
simpler and less efficient design.

The steam generator primary and secondary
sides are extensively instrumented, as shown in
Figures 7 and 8 for the imact and broken loop,
respectively. At several axial locations, pairs of
primary and secondary fluid thermocouples,
along with primary tube wall metal ti.ermocouples
have been attached to the tube walls, One long and
one short tube in each steam generator are
instrumented; the middle tubes of the intact loop
steam generator have no thermocouples installed.
In addition to the tube thermocouples, the steam
domes have fluid thermocouples, and the
downcomers have fluid thermocouples at several
axial locations. Other steam generator instru-
mentation includes primary tube (primary side)
and secondary (shell side) differential pressure
ports at several elevations, allowing measurement
of collapsed liquid levels in the inlet side of the
primary tubes and in the secondary downcomer
and riser.

Separate auxiliary feedwater pumps were lined
up to discharge into the upper feed ring of
cach stean generator. Flow and temperature
measuremems are provided.

The steam line break simulation assembly was
connected to the intact and broken loop steam
generators as shown in Figure 9. The break
effluent from the intact loop steam generator was
routed to the pressure suppression header, and the
break eftluent from the broken loop steam
generator was routed through the condensing coils
into the catch tanks. The condensing system is
shown in Figure 10,

Safety injection pumps were lined up to
discharge only into the cold leg of the intact
loop, at Spool Piece 22. Flow and temperature
measurements were provided.
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Table 1. Semiscale Mod-2A system reference elevations®

Centerline
Top of Tube Sheet®

Cold Hot Pressusizer

leg Leg Exit 186 _n_s&
Cold leg centerlines 0 -20 -150 <260 -260
Hot leg centerlines +20 0 130 -240 -240
Pressurizer exit flange face +150 +13%0 0 130 <130
1.5.G. top of tube sheet +260 + 240 +13 0
B.S.G. 10p of tube sheet + 260 + 240 +130 0 0
Bottom of core heated length 496 516 646 ‘756 -756

a.  All dimensions in centimeters.

b. LS.G. = intact loop steam generator; B.S.G. = broken !sop steam generator.

Bottom of Core
Heated Length

+496
+516
+ 646
+756

+75%6
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External band heaters on the ioop piping,
downcomer, and core vessel were powered
continuously to maintain an adiabatic primary
pressure boundary.

Test Preparation

In preparation for each of the two tests,
the primary system was fille? with treated
demineralized water and vented at all high points
to ensure a liquid solid condition. A leak check
was performed and all measurement transducers
were vented and their conditioners/amplifiers
were balanced and zeroed. The feedwater supply
tank was filled and heated, and initial levels were
established in the steam generator secondaries. All
auxilimy system valve liguids swere set and
verified, as were all process alarm, trip, and
control functions.

Warmup

Warmup of the primary system to initial test
condiiions was accomplished using the core
heaters, pressurizer heaters, external band heaters,
and RCPs, in a sequence that closely resembled a
full-scale PWR system, but that is much shorter
due to the electric core. The purification and
sampling systems were valved-in during warmup
to maintain water chemistry and 10 obtain primary
coolant samples at imual conditions for sub-
sequent analysis. At S50-K intervals, detector
readings were sampled to check measurement
transducer integrity and data acquisition system
performance. Also, other checks were performed
at various times during warmup to venfy total
system operational integrity,

Test Sequence

Imual conditions for the two tests were
specified to conform to typical PWR operating
values for hot standby conditions. Table 2
presents the specified values versus the actual
measured values for selected parameters at the
start of each test.

Once imtal conditions were achieved, they were
held long enough 10 assure reasonably steady state
operation of the reactor coolant system (RCS),

The data acquisition system was then started on a
continuous data scan to record the imtial test
values and to verify the steady state condition; it
then remained on throughout the tests, with time
zero designated as the instant the guick-opening
break valve was energized to start the main steam
line rupture simulation.

Two seconds prior to rupture initiation (-2 s),
the closed-loop purification system was isolated
from the RCS, and the pressurizer level-controlled
charging pumps were disabled. Also at this time,
feedwater valve closure was initiated on both
steam generators, so that the valves would be shut
by zero seconds.

The operation of active components in the
system during the transient was by prespecified
control curves (except for core power control) that
simulate the operation expected to occur during a
transient in a PWR plant. Control curves are
specified ir Reference 2.

The core power for Test S-SF-4 was computer
contiolled to perform on-line calculations and
adjust the power in response to measured
conditions. The controller samples information
during a transient from internal rod cladding
thermocouples, in-core fluid thermocouples, and
the core power supply. For each time increment,
the equivalent power was calculated for a nuclear
core subjected to the same thermal-hydraulic con-
diticns and the Semiscale core power was adjusted
accerdingly. For Test S-SF-§, the core power was
set at 30 kW, plus allowing for heat loss, and was
manually controlled throughout the test so as to
provide a more severe cooldown than that which
occurred during Test S-SF-4,

The main coolant pun.ps maintained their ini-
tial speed until 94 s after transient initiation for
Test S-SF-4 and 404 s for Test S-SF-5, at which
time the broken loop pump began a 60-s decay and
the intact loop pump vegan a 120-s decay.

The safety injection (SI) pump flow rate was
controlled to simulate the injection systems of a
PWR plant. For both tests, the SI began by
following a high head injection curve and then
switching to a low head SI curve. For Tests S-SF-4
and -5, the high head Sl started at 32 and 74 s and
terminated at S10 and 404 s, respectively. The low
head SI was manually started at 3487 and 1715 s,




Table 2. Specified versus a“tual initial conditions for Tests S-SF-4 and S-SF.5

Actual Values®
Specified

Parameter Value S-SF-§

Pressurizer pressure (MPa) 15.5 & 2 L 15.6
P*PPZ + 158

Pressurizer liguid mass (kg) 104 + 0.2
I PRZ146 4 25

Total core power (kW)*© , 108
KWH*TOTC

Cold leg fluid temperature (K) 557/557 555/556 557/555
TFI*22/TFB*79

Cold leg volumetric flows (1./5) ~d,d 94/1.1 94/3.2
QI1*21/QB*79

Steam Generator

Secondary pressure (MPa)¢ 5.85/5.85
PIS*1117/PBS*1117

Collapsed liquid level (cm)®
LIST117 4 50 S-SF-4/5-SF-§ 1020/950 1067 969
LBSI117 450 S-SF-4 'S SF-§ 1020/ 500 913 480

Feedwater temperature (K)
TFSC*IGFWIL/TFSC*BGEFWIL 495/495 556/556 503/553

a.  As recorded and averaged from -20 to -3 s by the DDAPS.

b. DDAPS pressurizer level measurement was erroncous. Process measurement indicated the specified
level.

¢. Core power was adjusted to compensate for environmental heat loss.

d. A 31 ratio was specified. Actual values depend only on achieving the specified core differential
temperaturc

¢, Secondary side conditions were adjusted to obtain required primary side temperature,




respectively, and continued 1o the end of the
tests, bor SSE-4 the high head ST was set 1o
actuate by o low pressure signal of 14.4 MPa
from the pressunizer. Test S-S1-5 had a program-
ed 255 delay after 14.4 MPa betore SE actually
commenced,

Auriliary feedwater to both the intact and
broken loop steam generators was set to be
initiated when the pressure in the broken loop
steam generator steam dome reached 4.13 MPa,
and the feed continued until 516 s for Test S-SF-4
and 404 5 for Test S-SF-5, at which times the

Table 3. Sequence of events, Test S-SF-4

steam generator auxiliary flow was terminated.
The operational events for both tests are listed in
Tables 3 and 4.

For each test, the basic recovery mode was to
establish and maintain adequate core cooling by
RCS feed and bleed using the Sl system and the
pressurizer power-operated relief valve (PORV).
This is an alternate method of decay heat removal,
which is useful in accidents .a which the steam
generator secondaries are not available as heat
sinks.

Plot Time
5

___Event

-30 Data acquisition system began recording test data
-2 Closed-loop purification system isolated; automatic charging pumps, pressurizer
heaters, and intact and broken loop steam generator feed valves disabled.

0 Broken loop steam valve closed; intact loop steam valve opened; intact and broken
loop main steam line break valve opened—start of transient
+32 High head safety injection started
+ 68 Auxiliary feedwater started to both steam generators

+ 483 PORYV reset to 14,48 and 14,34 MPa?

+510 High head safety injection terminated

+516 Auxiliary feedwater terminaied

+ 560 Core power switched to manual

+ 578 Drain of steam generators started

+ 594 120-5 intact loop and 60-s broken loop pump coastdown started
+ 1000 Core power increased to 100 kW
+ 1402 Core power increased to 150 kW
+ 1946 PORYV reset 1o 13.79 and 13.65 MPa
+ 1989 Core power decreased to 100 kW

+ 2611 PORYV reset to 11.03 and 10.89 MPa

+ 2689 Core power decreased to 90 kW
+2778 Core power decreased to 80 kW
+ 3459 Core power decreased to 70 kW

+ MR7 1 ow head safety injection started

+ 3504 Core power decreased 1o 60 kW

+ 3613 Core power decreased to S0 kW



Table 3. (continued)

Plot Time
(s) e Evemt Ll o A
4+ 3678 PORYV reset to 9.65 and 9.51 MPa
4+ 3804 PORYV reset 1o 8.27 and 8.14 MPa
+ 3878 Core power decreased to 40 kW
+45%4 Test S-SF-4 terminated

a. At the start of test, PORV was set to open a« 16.2 MPa and close at 16.03 MPa,

Table 4. Sequence of events, Test S-SF.5

Plot Time
5) .. Event
-30 Data acquisition system began recording test data
-2 Closed-loop purification system isolated; automatic charging pumps, pressurizer
heaters, intact and broken loop steam generator feed values disabled
0 Broken loop steam valve closed; intact loop steam va've opened; intact and broken
loop main steam line break valve opened—start of trausient
+74 High head safety injection started
+8S Auxiliary feedwaior started to both steam generators

+ 240 PORV reset to 15.09 and 13.79 MPa?

+ 404 High head safety injection terminated; auxiliary feedwater terminated; drain of steam
generators started; 120-s intact loop pump and 60-s broken loop pump coastdown
started

+ 1708 PORYV reset to 8.96 and 8.89 MPa.

+1715§ L.ow head safety injection started

+ 1920 1. eak in intact loop between Spool Pieces 21 and 22 developed
+ 2510 Test S-SF-S terminated

a. At the start of test, PORV was set to open at 16.2 MPa and close at 16.03 MPa.



DATA PRESENTATION

This section discusses the digital data® from
Semiscale Mod-2A Main  Steam Line Break
Tests S-SF-4 and S-SF-5, which are presented as
graphs in engineering units. Processing analysis
serves only to obtain the proper engineering units
and to ensure that the data are reasonable and
consistent. In all cases, a homogeneous fluid was
assumed when converting the transducer output to
engineering units. The scales selected for the data
graphs do not reflect the obtainable resolution of
the measurements.

I'he performance of the Mod-2A system during
Tests S-SF-4 and -5 was monitored by 308 and
209 measurement detectors, respectively. Of these,
approximately 20 per test are not presented in
this report because they were either installed on
auxiliary systems that were not used, used solely
for in-house processing and control, or had failed
before or during the test.

The output of each detector/transducer passes
through a signal conditioner and amplifier where
the signal is converted to a dc voltage compati-
ble w.th the Digital Data Acquisition and Process-
ing System (DDAPS). The DDAPS accepts the
voltage inputs through analog-to-digital
converters and, using previously entered coef-
ficients, converts the input to appropriate
engineering units. These data are then recorded on
magnetic disks, at intervals dependent on the scan
rate.

Dual scan rates were used to sample the detector
outputs during both tests. During the first §70 s
of DDAPS operation, each channel was scanned
once every 0.05 s, vielding an effective sample rate
of 20 samples per second per channel. The sample
rates were then reduced 1o accommodate the
expected duration of the individual tests, and the
scan was slowed to 0.55 s per channel, for an
effective sample rate of 1.82 samples per second
per channel.

Posttest data review and qualification were
conducted by a Data Integrity Review Committee.
Erroncous and superfluous measurements were

A The digital datia are avaslable from the NRC  Division of
Acodent Evaluation (DAF) Data Bank at the Idaho National
E ngmecring | aboratory. Address data inguiries 1o NRU DAL
Data Bank Adminsnator, EGAG Idaho, Inc, PO Box 1628
ldaho Falls, Kdaho, 83418

identified and deleted, and the necessary
adjustments and calculations were performed
on the remaining measurements. Ambiguous
measurements, where the exact engineering unit
value could not be verified, were retained
because they can provide important information
on parameter trends and timing functions. These
measurements are labeled ‘‘trend information
only”” on the data graphs, rather than assign-
ing a value to the uncertainty range of the
measurement.

Immediately prior to each test, numerous
calibration checks are performed and the data
recorded. This information is used, after the fact,
to adjust specific test data 1o offset such effects as
pressure sensitivity, amplifier zero offset, and core
power sensitivity.

The necessary posttest calculations include con-
verting the voltage outputs of the densitometers to
actual depsity (kg./m3). This is done by setting the
measured low voltage output during a subcooled
condition equal to the known density at that time,
and by setting the measured high voltage output
during a vapor condition to the known density a:
that time. The density at all other times is then
computed using an inverse ratio of voltage to
density with the two known points used to define
the values. The nonlinearity of this method
across a phase change is recognized and incor-
porated into the derivation of the measurement
uncertainty vealue.

In much the same manner, the valve position
transducer outputs eare converted frem voltage
to percent open, this being a direct, linear
relationship.

The power “*measurements’’ for the core and
the external band heaters are not actual
measurements, but are calculated from the
measured voltage and current output of the
individual power supplies.

The above noted adjustments and calculations
were the only ones performed on the data
presented herein. References | and 4 further
describe the Semiscale data processing techniques;
Reference 4 also explains the capabilities of the
DDAPS and presents an analysis of the uncer-
tamnties associated with measurerent data from
the Mod-2A svstem. Figures | through 10 provide



measurement geometry information needed for
interpretation of the data. Table 5 groups tie
measurements according to type or location,
identifies the location and range of the detector,
gives the actual recording range »f the DDAPS,
provides brief comments

on the data, and

references the detector and comments to their
corresponding figure. Figures 11 through 592
(data graphs) present all the data obtained,
incliding the noted caiculated parameters. These
data graphs are presented on microfiche sheets,
attached to the inside back cover of this report.




Table 5. Data presentation for Semiscale Mod-2A Tests S-SF-4 and S-SF-5
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Chrome | -Alome | the oo cuples
spec i fied otherw ar

Intermals

In vesse! on upper plonus ¢ ller
pisce, 19 cm abawe cold leg

snteriion at &%,

® vessel oo wpper hoad filler pisce

111 cm abeve cold leg contar!ine ar

In » spel an thermal shield, 7 -
shwre 4 leg conterline ar 7V
Tubes
e . ahe
T ribes, & -
ahmet
Tabes
O o 1ude . stint) side of
tubes, B4 cw above top of tube shee!
moleng tube, hot (inlet) side at
tubes, & ® ahave top of Tube
sheer

n

a

te

to

te

N
Dt i Acquis.i i Range

tector System
15 P} to 820 K
s ¢ to MO X
153 x 0 to 820 &

¥ ' to M2 K
159 ' te AJD R
53 K o PN

108,

12

&01

07

e

i

“in

Ll




Table &. ~ontinued)

Mo ani reme nt

METAL TERPYRATURY
cont inued )

Extermal Mea mre

intect Loop

THERS L

THER®|

THEN?2

bihen Loay

THMER® 114

THEN®*TY

Vesnel

THERSY- 156

THEN® - 30

MATERTAL TEMIERATLARE

1 Lok

TEReS

TER*1)

TEN)

TEN”

Qobes lLoop

rTeney

TLASINA

TENTSY

TEneso

TEA®ALY

TEMe LN

TEN 0P

TENS "2m

on pipe culside surface
under an eaternal bend F oater,

Pomp suction leg, “po" 16, %42 om
from downcomer center,

Pump suction leg, Speasl &7, 402 em
from downcomer center.

Cold leg. Spoo 4l 41 ce from
downcomer < Far,

Pump suction | Svool 77, middle,

“U5 cm from dowsc mer center.

Pump suction lep, Spoal 73, 171 cw
from downtomer center,

Core houaing, 198 cm helow cold ey
centerline,

Upper plavum, 30 cm bdelow cole lea
centariine.

Chromel-Alumel themocow; les enless
specifind otherwise.

Thermocouples on sxtermal hester
vutside surface, under insulation,

Hot leg. Spoel 7 174 cm 1t "om vesse!
canter.

Mot leg, Tanl 7, 447 cm from vesse!
tenter.

Told ley; Spos) 8, 1087 cm from
downcome r cante: .

Cold leg, Spool 1), 798 ca from
downcome ¢ conter,

old -4, Spoal 18, 542 ca from
mComer center.

Cald leg, Spool 17, 402 o= from
dowscomer center.

Cald ley, Sponl 19, 24) ca from
downc omer center.
Cold leg, Spocl 21, 42 e from
doeseomer conter.

Hot leg, Speel 30,
renter.

b cm from vessel

Hot leg, Spoel 5%,
center,

740 cm from vesse!
ot leg, Spoel %9, 189 ca from vessel
center,

Cold leg, Spoal &0, 1042 om from
downcomer center.

Cold leg, Sponl &6, top, BAS cm from
Acwncomer center.,

Cold leg, Spool 84, widdle
from downcs

r renter,

Cold leg, Spool 84, bottem, 887 cwm
from dowocomer conter

Col' tea, Sponl widdle, 405 cm
from dowmcomer conter.

.
—.Dats Acquisition Renge

Petactor System

B to IS0 K 0 to B20 &
0 to 1M K 0 te 820 K
Ote 133 R 0toB200
0 to 1513 K 0toB20 K
@ to 1903 K 0 to 020 K

r9
n

128,

129,

i,

132,

133,

133,

134,

1%,

139,

140,

161,

151,

i

, AIB

L4

&0

a2l

an

a1

“la

ars

ars

LT

“m

A9

A%

N

&%

a3

L3N

. 438

. Messurement Comments”

Failed during S-SF-5

Failed during S-SF-4

Failed during 5-SF-4



Table 5. (continued)

Dats Acquinition
. -
Mewsorement __ Location and (omments - Detecter Figues o Resvusement Comments

ATERIAL TUMPERATVRE
front lowes

Rroben

Cold Yeg, Sponl 73, 32) cm from
downcomer conter,

Cold leg, Tpocl 764, 19 cu from
Aowncomer canter

Cold 1 Spacl 7%, R en from
conter

0 e MO

O downe ome v | m Selow cold leg
conterline,

Core housing, 140 com bolow rald leg
conteriine,

fore housing, 196 ca Selow cold lep
centeriine.

Vpper plenum, Wi o below rold leg
conteriine,

TENeVe 0] Upper plenum, 101 cw shove cold leg
conteriine,

Poper head, 749 cm ahove cold leg
centarlion.

Uppar hend, Th& cm ahove cold ley
conterline

TONE REATER Thermncouples Incated (aside shea‘h of
CLADDING TEMPERATURY elacteie core heet rode

High Pows:r Wine rods (n conter nf core,
Bus Hesters

LA ARRRT wr ot Colomn B, Bow 3,

THYER e | Ra themmocoupies 114 (97*%),

THVAR )4 120 186 em (359%), and 299 cm (W4°) shave
botrom of heated laspth,

Meater ot Colume B, Row 4,
thermooouple at 160 em (70" ) ana
abnws bottom of heated jength,

e ¥ et Column €, Bow 2
the rmoc suple 137 em 1991° ) abowe
Sottom of heated lemgrh.

THVeC s lan Hester ot Column €, Wow |
thermmenaple at 180 re (174"
above botenm of heared lengtt

Westar at Columm ©, Bow &,
thermocoupies st J4? (s
and (A7 cm (1R7%] above hottom
of hested length.

THVeDR eI Reater ot Colomn B, fow 1,

THVODI+ 0% thermacouples ot 6 em 111%%)

TEVOD2e N2 1% om [¥51%), and V11 em (200"
Ahove bottom of heared Tength

THYSD Ve 159 Heate:r Column U, Row 1,
thermocadpls at 109 (w (2]
hottom aof heated langeh

Mestar ot Column D, Now A
thermncouple ot 1719 cm (24
shove bottam of hested length

Low Powe s o periphery of core
Aus Beaterr

THvaAl LN Woster af Conlumn A, Row | Failed during N-5F %
thermacowpie at 114 e (i28*
sttom of hegted langth

THVeATS N Y Heater of Column &, Now 7
thermnesuple ot Y rm (185% ] abows
ot tom af heared length




Table 5.

Meanorement

CORE MEAT

LADDING TRNMRATUR,

cont ioued )

Low Powe s
Bus Heaters
v 4

ont (noed |

TYRSA e e

TRY*ASS 1Y)
THYRA Lo 0N
*A1e018
FHVeAT+ 29

THVRRI+R)
THYRR«2%)

THYSC 1o 08
™VeCIe 11
TRV Loy

THVOCSe 1))

THYS Se 270

THVeDIeI )

THYR ) 2109
THVeE e 181

THYSR Me 2 1)

THYORYe2 1T

FRESSURY

intect Loop

rRe e

PVeyP- 1Y

PSR D]

Fressurians

PRI

{continued)

.
Bata Acquinition Renge

.
Loc ot von and Comaent & Detector Syetem

Heater at Column A, Bow )
tharmocouplieon ot /8 cm 12V2%),

157 cm (AR™), 208 em (121%),

128 cm (14%), and 79) cm (290°) from
buitom of heated length

Heater ot Columm 8, Row |,

e rmod o o or IRY om (1%1Y) and
Y em (1%) abhove bottom of
hosted langth

Meater ot Column €, Row |,

s ot 1% cm (291%)
) oand 192 cm (0%)
above battom of heated length

Beater ot Column €, Row %
thermocoupies st 19) cm (106°%)
and 218 cm (70%) above hottom of
Neated length.

Heater ot Column B, w 1,
thermocouple at 1] cm (407 ) ahave
hattom of heated longth,

Bester ot Coluan ¥, Bow ],
thermocouples ot 109 va (117%) and
181 cm (87%) above Sotrom of hested
length.

Hestor at Column £, Now 1,
thermocoupie ot 711 cm (A3%) above
Buttom of heated leagth.

Heater ot Column ¥, Row 5,
thermcouple at 217 cm (45" above
bottom of W od length,

Kot leg, Sposl |, 60 co from vas O te 17,04 Wrs G we 1.8
conter

Hot leg, Spool 50, 74 cm from vease! O to 17,04 Nea 0 te 2109
center

Cold leg, Sponl 79, 9 (» from 0 te 17,04 wrs 0 te 2102
Aownc cmmr centwr

In core yornel upper plemm, 1) em O te 17,34 Wrs N te 21.64
below cold leg tonterline

In core ves upper head, 421 tw 0O to 17.26 Wis 6 e 20,7
ahowe cold leg tenterline

Secandary side

e atose dome, (117 cm abovwe top of O 1o .9 mry te 8,122
tube sheet

Secondary wide

In stenm dome, 1117 co abows top of 0 ta 6.90 ups 6o R4
fube aheet

o prassurine: steam dome |0 ta 17,06 Wi 0 te 12,0
sbove enit to surge |ine 6 to 10,66

“Pe

"re

LI

"rs

Ll

Lid]
“ra

1.,
1.,

LRLN
179,
180,

i,
18z,

ey
ana
ans
ans
anl

A
abhy

“rm
1
4

an
“le

PRLY
an

, &8

189, AN
190, 482
%, a%)
197, 48
193, an8
196, 4bs
19%, &0}

3
Mo surement Comment &



Table 5. (continued)

.
Messurenent Loc st ion and Lomment s

PRESSINE  cont ineed |

tatect Loop Steam sxhaust .
Croan Generator

PSCeICET™M In steam discharpe line, ot flow
erifies.

B roben Loop Steam cahaner

in stesm digcharge line, at flow
orifice,

Condensste Systes

PRCORGCIN Rroken Ioop sfflient downstress
of Sreak valve at entrance to
ondensing colle

"'--:llu Water

proesaps e supply line at entramcs %2
condensing cotle.

DIFFERENT 1AL Elevation difference betwern

PRESSURE transducer taps e gern and cells
resd pere when full cold, ot no
flow, unless specifind atherwi
Cell ponitive (high pressure) side
s plusbed to the firet tap
designated by the seasyrement
alphanumeric nome .

Iatact Loop

O-vimeg! Vesse! upper plenus, 11 cm (0%)
below cold leg centerlion, to hot
leg, Sponl 5, 147 cm Trom vense!
conter. Spocl % tap is % e above
upper plenus tap.

DFTeSes Hot leg, Speo! 5, W7 en from vesse!
-t to cold teg, Spool 9, 1030 ¢
from downcomer center across the

loop steam generstor primary
Spool @ tap ie 14 ce above
S eep.

Ll a ot B Cald tog, Spanl 9, 1000 cw from
downcomer center, to cold leg,
Spool l&, &55 cm from downcomer
center Spool 9 tap is )15 em above
Speol 14 tap.

DETeTAe N Cold leg, Spocl 16, &%) cm from
downcome s contar, ta cold lep,
Spool 1R, 127 em from downcomer
conter. Spool IR vap is 210 ctw above
Spent 14 tep.

PRz o Cold leg, Spool 21, Tep B, 127 &
from downcomer conter to cold leg,
Sponl 18 Tap 8, 1% o from
fowncomer center, across intact |sap
pump. Spool 21 tap is 2% ow above
Spoa! 1K tep.

Be1214V0I9 Cold leg, Spoe!
dowmcomer center to v
downcomer, 29 o above cold leg
enteriine, Vesse! dowmcomer tap
in 29 cm above Spoc! 21 tap

Broben lLoop

D-VitAORY ) Vosae! upper plonum, 1% cm (0%) M
old leg contectine, to hot leg,
Sponl L7, W cu from veuss!
center Specl 57 tep in 9 cm abowe
woper plemm tap

s ] Wot leg, Sponl 97, 106 cn from vesse!
enter, to cold leg, Sponl 87, %) cm
From downcomer conter, acroas bhroken
Laop steam generator primary tobes
Spoel A rap Ls % e aheve Spool
W

.
quisition Ronge

Systes

—— e

to 17,76 WP

te 10.0) wra

to J.45 WP to 3.4L WP

o DA% wFy to 0,608 WPy

126 kP

£I44. 7% kP

146,77 wia

Failed during 5-S¥F-4




Table 5. (continued)

N
Deta "“u‘l".‘\' I.ﬁ"

. a »

Seony rement < at snd Comment 3 Detector System Measirement Comment s

s ReL 7o 14 leg, Spool 41, Y47 cm from 274,81 wba 1104.3 wla 07, %00
fownconer conter, t 14 leg
S poe 54 cm from downcomer
enter. Spocl 62 tep is 110 em abave

Sponl 6% tap.

Cold |

Sponl 8%, %6 from 174,41 wPa LL61.Y «Pa 108
diwncomer center, to rold leg,
Spocl 73, Y4l om from downcomsr

$o1

enter Sponl 71 tap ia 1)) e
sove Sponl &% tap

nEEe ey old leg, Sponl Y4, Tep B, 207 cu from £1100 kbe £1379 Wb 269, s02
downcome: conter, 1o cold leg,
Se
enter, across brokan loop pump
Spocl 76 tep is 70 cw above
Spocl 73 ¢

73, ¥l cm from downcomer

"

neRTASVDIY Cold jep, Spoel
downcome s center, to

LAR LS LA T $170.1 xPe 0,

A oy 9 om abowe co

d lep
saterline. V¥e downcomer tep
% 79 em above Bpocl T4 tap

Vessel

DVDe 2%+ 140 Ve | downcomer, 79 cm above cold LR L3040 kPa 21y, S04

leg conterline, to ves
head, 160 cw sbowe cold lag
enterline, acrons the downcomer

(o upper head byp line. Uppec
head tap ie 131 oo above downcomsr
tap

Intset Leop Secondary side.

Acrose flow orifice in fesdunter LIK. 96 wPa 816 WP 12, s

wapoly Line

SIOR. 9% kP *

NPSCeIGST Across Tlow orifice in 8,16 wPa ) Teot $-8F-4 only

cxhaust 1ine

. #roken Secondary side

Ltea

enerator

DPRCOROFIN Acruas flow orifice in festurter R174.3% kP 237
wpply line

2i4, %06

DPSCAROET™ Acrons Tlow arilice in atesm $1VR.5) kP ns Test S-8P-4 only

exhauet line

Fressuriner

L P In surge line, from ? £347.5 e LR TR Y Y 218, S07

seurizer out ler ¢t

te intect loop %

), Porr Preasurie

sbove Spoal ) tap.




Table 5. (continued)

»
Deta Acquisition Remge

. ligure.  _______Nsosussaent Souments

Mrurement

.. —losetion oad —Dgester -]
Lioele LEVEL Tranaducars tead rore vhen aystowm s

fall enld, ot no tiow, unlese

specitied otherwisn. Cell positive

fhigh pressure ) side is plumbed *o

the ficet tap designated by the

wessurement alphanumeric name.

LYDe RN TR Vesasl downcomer, 19 cm above cold 344,75 aPa *30.7 whe 122, '
line, to wessn! lower

plamem, 578 below cala leg

enteciine. Tap elavation

fittsrence 18 80T cw.

LV=1m-57% Vessel upper plenum, 1) cm (180%) 212605 sk L1741 WP ), S
below cold lag canteriine, 1o vesse!
lower plonum, T8 co below cold leg
canterline, elevation difference
in 85 cm.

LY-16%-5%0) Vesse! core housi 105 cm below 176,61 wha t101.) WPa 16, 9%
cold leg conteriine, to vesss! lower

plemum, 01 sm below coid leg

centorline. Tap elevation

ference in 198 om,

VeLs0-1 Vensnl upper head, 180 cm ahove 224,57 uba $33.09 aba 22%, S
w'd leg conteriine, to veasel
wper plesum, 13 co (1M*) Selow cold
log comteriine. Tap slevetion
diffarence is 17} em,

Vekllsia0 Venswl upper hend, 411 cm 1o 26,57 WP 1540 kPa 128, 512
I160 cm above cold leg ve rline.
Tap elovation differonce s 101 om,

Lav ' of primacy fluid inside
veryical U-tubes

LIPRAN- S0 In short tube, hot side of apen, ot LIWR_ S8 wPa LTS Y 177, Sie
K38 cm showe top of tube sheet, to
entrance plenum, 37 oo bolow top of
tube sheat. Tap elovation
diffarence in #9% cu.

L1055 In sed . um tube, hot side of apes, at $106.3% wba LAL T 228, 518
W08 cw above top of tubs sheet, 1o
entrance plenym, 7 co below tap of
tube sheet. Tap elevation difference
s 992 e,

IMeT-ATE In lome tube, hot side of apen, ot £134.0% kPe 229, %20
471 o» abave top of tube sheet, o
entrance plems, Y7 cw below top o
tube sheet. Top elevation 4ifference
e 1028

intact Levels of secondary fluid in
Cteam Consrator downcomer and rieer sections,

1S 7ot From stoam dome ot 1117 om, to 2346, 7% WP 384,10 Wha e, s
downcomer at 0 cm, above top of
tube sheet

LLTLY PRe2S From steam dome at 1117 em, 1o 27461 Wl 1187 whe My,
downcomer at 82% cm, sbove top of
Lube shaet,

an dome 4t 1117 cm, 1o riser 17461 aPe t105.9 abs 32, ™
abowe top of tube sheer,

1111788 From
art A

s I3, A0

IRET ATENTE) From riser ar 506 cm, 1o riser at 27451 kP 1100,
W4) cm, above top of tuse sheet

IETRC R 1) From viser at AA) cm, o 0
A9 cm, above top of tube shest

11889 i From riser st A9 ca, to downcomer of .61 whs LIRS whe %5,

w, ahove tap of tube shest

Acconn flow sbutter

Nroken Loop wvel of primary tlaid inside
Sleam Leanemiator vertical U tubes
LARRIRATE s short tube, het side of apex. at $1246.9% wrs 2170, abe 1%

B8 cm above top of tabe sheet,
ent runte plenm, ® balow top of
Tube sheet. Tap slevation differmnce

e B85 om

W




Table 5. (continued)

L
Pate Acquisition Range

. .
Meas o rement Lox @t ion gnd Comment s Detertoe Systen ’ Figute

LIQUID LeViL

st L naed )
* Lavels of svcondary Tluid in
fresm Gon downcomer and viser sections
Toont nued)
RS111 750 From ateam dome ot 1117 vm, 1o 13605 e ERLL N N Y 237, Sihe
downcomer ot 30 cw, above top of
fube ahest
thireegs From atean dome ot 1117 cm b0 6.0 whe TINR. R WP e, 3

Avwncomer ot 815 ¢ sbove top o

fube sheet .

LALLI TS0 From steam dome ot 1117 em, 10 rieer 27641 kPe tiD7.6 kP M, e
at B3 cm, shove top of tube sheet.

AR 12 ALTRE N From riser at B8 cm, to riser at tis ) ale ti70.7 wie o,
W) o abowe top of tube shwet .
From dowocomer ot 3% cm, to LS e LIGR. D wPa W, M
downcomer st S0 cm, above top of
tube shaet

From riser ot 48) cm, 1o riser ot 174,81 2l 101 WPy w2,
8 cm, above top of tube sheet

LASean)e

LAS+Mye S0 From riser ot A% co, 1o Aowecomer la. B wha 309 abe W), S
At 90 cm, atove top of tube sheet .
Across flow shutter.

LIMZIAse S From steas dome at 188 om, 1o botlom ti2.4) wha 1I6.T) wbe 84, 495 Teond data only
et 15 cm, shuve presavciser out let
Lo snrge line,

ondensste Colin aorond with tanke septy, Tanks
. are 1%, 41-em 10,

LICT I Vesnl Level in Condensats Teonk 1, 9205 wke NS, A%
from 1) cm to 482 cw shove the tesk

hottom drain line.

L2CTIVean2 Leve! in Comdensate Tonk 7, TAR. 9 aFa 192,78 Wie
from 27 cm fi 467 co shove [he Lank
bottom dresin Line,

Faodwater
Tank
LACTAAR) Leawe!l in fosdwater N Y147 abe Y4 e Wi, »
feom %) cm to 4BR co above
tank inlet flangs
VoL TRIC Turbine flowmeter, Didirsttions).
N At
intect Loop Frimscy covlant
018 Kot lag ot Spocl |, 8 om foom £1.9 to 4 Lie w8, 5
venanl renter 1% e
g1e1s Cald leg ot Sponl 15, 429 cm teom LA 7 e W ALl Failed during 5-8F-5
downcomer contey
e 4 leg ot Spoal 21, 131 = from 1.9 (o 1é Li'e 1%, %o
A come ¢ contar. 15 Lie
Nioken Loop Frimas oo lant .
amen Mot log ot Speal S, 100 cm from IR ET "o Le FEY] Falled during 5-§¥-9
vensel conteq 1.6 L/e
aeesy Kot leg st Speni V', 200 cm Trem t.) e 6.0 Lie 52 Faiied duving §-S¥-°
waeel centar 12.7 L /e
1wy Cold ley st Spasl 1%, M08 cu foom $1.7% te .0 Lis S4) Tesr S-4F-3 only
donenc ome v conter. 12.5 L/»
iy oid leg ar Spool 19, 117 ce froe "N " Lle 15y, W
fowncone s contee 12,% Win
Vennel Frimary ol et

Yo -42)

1



Table 5. | :ontinued)

et s Acquisition
Moyt ement o @t Lon

VT TR T
PLAN BATH et

tube st

enterline

L

YORTPASS

auriees Primary coolant

L R . riner surme line, ¥ cm

r tiewr wuit Poait e .

reading indicates an outsurge from

he pe

Aaniiinry Feedwntor VYoo cgom v secondary conlent

rCAKYW scharge line of intest loep 0, 0064 ¢ 10,0824 L/w LT T

an generator, suniliary feedwate

TROANTY in discharge Line of hroken |ongp 00031 ¢ ' 03 Lis 59, Y48

stesm penerat aunilinry fenduater

supply puny

leading from hig

far intact

Lad AmRa At ten

ation technique

Frimary

ivim Norisental beam thrsagh the widdle 1.6 ¢ to L
f hot log verticel Spoel % ot D R 00 sp'w
entrance to ateas gensretor
Meaden Loup Primary ¢oolene
CLARE Horisontal besm through the siddle af 61 T &2, 5
g vertical Spact 37 m e - ao
trenes o atemm generator
sanel Primars conlant & to .
00 wgiw! s00 ag/m
Ve o 1 em helow cold WY o 63, %
1ine S0 wgiw?
MY - T o] dowmeomer, 780 v below : 6 T %, %)
entarline o00 wgimt S0 hgiw
RYPHC 454 easel downe ome 4 om helow ‘ (N C . Vi
og conter!ine o ! SO0 wgiw
CRRT L 6 o w bottom of e heace 6 r 1 ot $s
" S . heiow i lep . TILN 00 ka/w
enteriine, Setwesn heater rod
wns A and B
LA A TEN] ® ahave hottowm of re heated L L] 394
lenpth, 8% cm Selow i leg 1600 wpin' »
entariing, betwesn heater rod
" oen andt )
e T ' . e . ' N
' e N kg
henter rod
Nows 1 and
SYRAR 1) tm ehove re ! ' At 9 ;L]
ength ® below f e ST M0 sglw
enterline, betwsen heater 1
s A and B
et I £ cm ahove Sotiom of e heated L t N
gt } om e low 4 leg MO0 kgiw 00 wgiw
enturline, betusen hester rod
Rows 1 amd
PV e = abows Wottom of e (r ' »
ength A% cm bolow 5 vaie o wglw
ante ., betwees heater rod
Rows 1 et




Tabie 5.

Mo anyremnnt
AN TY At L sd
iesan cant ynuw

LEL

e i
RYSUN 1

ORE OwER
HARACTRERISTIOS

High Power Bus

[T RUS

EVeNIPBUS
Low Power Bus

TYeLOMIRUS

EVeLOMBUS
Calculited Power

NG

VRS LOC

unrroTe
Power Suppiy 3
rHeN LTS
ENSUNITYY
KEPEMSVESS

Power fupply I5#

CL TRARL]
PSRN
EVSEReILPY

Fowser Supply )90

TR YIS
ERSUNTT IS
EWSEHORLPS

Power Supply WM

WU LT
EROLN T 164

P Ll R

{continued}

.
Deta Acguisition lna‘v

.
AT ien and Comments Detector Spstes
Al ocm above e heates
.y TH
wh, betewen heater rod
Rows 2 and 3
in sl b e ot gose |
inst roment bouss g, 11 om hel
cald ieg center! oe
In vessel wpper head, 111 om ahave
cold lew conterline
Loper head, 119 cm above
Nine rode o center of core bundle.
Total current from hig' powsr bus ¢ to 10000 A 0 te 5000 A
power suppiies.
Total veltage from high power bus 0 te 00V G to 99,7
power supplioe,
Sixteen rods on periphery of core
bund le
Total corrent from low power bus 0 te 10,000 A 0 e 5000 A
power supplies
Tote) valtege from low power bus 0 to MDDV 97 te 499. Y
power supplies.
Postiest calculations perfarmed on
recorded core valtage snd curvent .
Tota) power on rede of the high
power bus.
Total power on rods of the low
power bus
sl power on core rods,
Core wvessel and 3 vncomer
Hear curemnt, 0 ta &U0 A 0 to Y0 A
Heater vo tage Cro 20V 0te 230V
sleuinted power,
frract loop pump suction
(Spoa s 1Y through 18)
Heater current 0 te SO0 A 0 te 400 A
Hester voltage Oto 200V 0 ta 2%V
. wted power
" roker o pump suction
Spools B4, & L mn
Heatar current O to 150 A ) to 100 A
Heater woltage 0 ta 200 ¥ 0t S0 v
u! a4 power
Intact and broken loop cold legs
(Spocle M, 2}, 22 ., T8, 7%
Hestwr current ) o 100 A ta 100 A
Heater voltage 6 te 200 ¥ D te 1%

LR}

v

rre,

1,

.
Figuee

w2

LTS

54

m

8,

"5,

7

34

)
Measuresent Comment s



Table 5. (continued)

.
Rete Acquisition Rangs

x v
Measarement Losat ion and Comment s Detector . Svare . Meas.rement (omments

CLME e
CHARACTER (THCE
it Laed
rower Sapply 141 Intact and hroken (oop ot |
Spoel | throush 12, end
0 through &4, )

TAYNET ] Hester current,
LUl SRR Heater voltage 6 te 200 ¥ Ot 2900 %, W
WA Caleulared pownr, 197, e

g

HARACTERTSTICR Primaey < olant posps.

1 A L")-T

11emmp Pump motor cureent . H o 250 A 1 I50 A 198,
Eierumy Fump metor voltape " to $02 ¥ e te 07 ¥ 9%, AR
wiepumy Pumg shate snauler velocity to N e G, a8

820 cadle 400 radls

Stoken Lomp

WERO PP Fump ahaft anguier velocity te Wi,
rad/n 618 rad/e
W Pamp mator power re B2 ke O ve 10 W wi a only
ALvE Steam position Sy |ine
WITION ratent someters
1atagt Looy Sreondary valvmy
PRON o™ valee 0to 10 "0 te ¢ ni, S92 Trend datas oaly

. Statonents At the noing of & messurement catepory regarding locet ion and comments, range, and figure apply 1o all subseguent ae sments within the
Biven wgory onlean specifind otherw
Dt et e subjected to overrange conditions during portions of the test were capahle of withetanding those conditions withaut change in opereting or

ring charecteriatice when the physical conditione wre age

within the detector range,

LB ]
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