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1. INTRODUCTION

Five experiments have been conducted in the Semiacale Mod-3 facility at
the Idaho National Engineering Laboratory (lNEL) to investigate the
thermal-hydraulic phenomena reeulting from a 2.5% communicative small-break
loss-of-coolant accident (LOCA) in a pressurized-water-reactor (PWR) system.
The re6ulting experimental data have been used to aaseas the analytical
capabilities of the Transient Reactor AnalyRis Code (TRAC). The primary
object~ve was to assess the capability of TRAC to predict both hot- and cold-leg
small-break transients. An Important aspect of the current study was to
determ!ne if TRAC correctly predicte the effect of pure> operation on fluid
cond!tlons near the break and the resulting influence on break flow, system
dcprestiurization, and system maBs inventory.

The five experiments selected for this assessment were Tests S-SB-pl,
S-SB-P2, S-SI+P3, S-SI+P4, and S-SB-P7. Tests S-SB-P1, S-SB-P2, and S-SB-P7
(Ref. 1) simulated communicative cold-leg breaks for early
(pumps-off),

pump-trtps
intenncdtate pump-trips (pumps-on), nnd late pump-trips (pumps-on)

operation, respectively. Tostti S-SfJ-P3 and S-SIJ-P4 (Rrf. 2) simulatvd
cotmnunicntive hot-leg break~ for pumps-off and pumps-on operation, respectively.
The Semlscale small-break trst serfe~ wa~ de~ignod for compatibility wiLh L:IV

Loss-of-Fluid Test (LOF’T) facility small-break tests. The specified initial
conditions closely approximate those expected in a typical full-~ir.ed cnmmrrclal
PWIl opertiting at full load conditions. The hrca~ size for :11(!su tcstfi is
volumr-srnltod to a 2.5% (11 cm) break in the cold or hot Irg nf a full-~lzl~(l PWR
syktem. Only tlw high-pressurci Injection system (111’1S) Kuppllvd vmcrgunry ccrt~
colI1mIt (ECC); thr accumulntnr~ wcrv viilv(’d out.

11. TKAC DES(:KIPTION
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above the bottom of the heated length ie epecified in the last line of plot
legend.

III. SEMISCALE YOE3 SYSTEM DESCRIPTION

The Semiecale Mod-3 system consisted of an intact loop, a broken loop, an
external downcomer a6sembly, and a pre6sure vessel to simulate a PWR. The
intact loop included a pressurizer, steam generator, and pump. The broken lcop
included a steam generator, pup, and rupture valve aaaembly. Elevation6 of
❑ ost system components were the same as in a full-sized PWR. The 6mall break
was simulated with e bell~outhed orifice attached to the aide of the
bloken-loop piping and the break orifice waa volume-scaled to represent a
2.5% break in a PiJR. A valve was opened to initiate blowdown. For the
small-break tests, the pressure-suppression tank was disconnected flom the
presRure-suppression header to facilitate collecting and weighing the fluid that
flows through the break.

The pressure vessel included an uppur head, an upper pl~num, an

electrically heated core, and a lower plenum. The external downcorncr a~sembly
includt?d nn inlet annulus and downcomer pipe. In thr 25-rod core, 2 rods were
unpowered and another rod was replaced by n liquid-levc~l probr. A flat radial
powr profile was used. Thr cladding thermorouplcfi wcru locatrd ().75 mm hL’ncat!l
thv cladding surfaru.

IV. TFST DKSCtllI’T1OtJ
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TABLE I

TEST HATRIXa

Break location
Core power (MU)
Initial core inlet

flow rate (kg/s)
Trip pressure (MPa)b
Time when prcssuriz(’r

premsure re~

trip pressu’ \:,)
Sequence of ev, lt~

relative to the
time of tlm
pressure trip (s)

Stenm-Rcnoratnr
steam valves

Test
S-SB-P1

cold leg
1.96

12.1

12.48
17.2

(). ()

3.4

‘J● Ih

Hi,

Test
S-SB-P2

cold leg
1.97

12.O

12.48
16.3

().0

2H.4

t4”\.14

71)~ml

79H.-)

11(1

Test
S-SB-P7

cold leg
1.97

11.9

12.48
17.5

().()

Test Test
S-SB-P3 S-SB-P4

hot leg hot leg
1.965 1 .9f48

10.6

12.57
26.2

0.()

“]. t,

“!.2

11.’”-1().11,
III,C-H.2

2H.fl

()’).()

‘)1”1.H

~141,y.8

11(1

10.9

12.57
24.4

0.(1

‘). f,

21”)’).h

11,-12.?,

~1,-1,.()

29.2

(,/,.>

2111 .(1

21’!’).6
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The pressure-suppression tank was bypa6sed for each test, and the break
discharge waa drained through a condensing system into a small catch tank. The
catch-tank inventory was measured before and after the test to obtain the total
integrated break flow. Each test was terminated by closing the valve downstream
of the break when the system preaaure dropped to a predetermined Level.

v. TRAC MODEL

~c TR.AC input ❑odel schematic for the Semiscale Pied-3 facillty configured
for a cold-leg break is shown in Fig. 1. The input consisting of 35 TRAC
componcntB corre6ponda to the Semi6calc Mod-3 hardware configuration with the
following _xception6.

1. The external downcomer a~mmbly In the te6t fncility is modeled as an
internal downcnmrr occupying an appropriate fraction of the outer rin~ of the
VESSEL (component 50).
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assumed to be 300 K. A film coefficient was the,l
outside eurface area of the primlry piping, primary
previous TRAC-PD2 eteady state, and a heat leas of
TRAC-PD2 does not allow for heat loss from the VESSEL

calculated based on the
liquid temperatures from a
80kW (Ref. 7). Because
component, the entire heat

leas was accounted for in the primary pi ing. For the present TRAC-PD2 model,
1the film coefficient HOUTV IS 64.47 W/(m K) [HOUTL = 0.0].

A leviaed TRAC input model was prepared for the test facility configured
for hot-leg-break Teats S-SB-P3 and S-SB-P4. The revisions required to
represent the test facility hardware modifications are
Fig. 1).

1. The broken-loop hot-leg PIPE (component 21)
romponent 21. fie side tube of the TEE re~resents the
connected to BREAK component 20.

2. The broken-loop cold-leg TEE (component 25)
component 25. BREAK component 40, originally connected
component 25, was eliminated.

listed below (refer to

was replaced by TEE
break simulator and is

was replaced by PIPE
to the sldc tube Of TEE
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the calculated system pressure response
depreasurization rate between 200 and 400 s
calculated during Lhis time period, which reduced
eharp rise in the calculated presbure at 600
which suddenly increased the vapor generation
calculated trends were similar beyond 600 s.

was observed. The rapid
was caused by core uncovery
the vapor generation rate. A
s corresponded to core quench,
rate. The experimental and

The calculated wss distribution in the primary system is ueeful in
understanding the core thermal response. At the end of the trangient, the mass
inventoried retained on the primary aide relative to their initial values were:
intact loop = 17%, broken loop = 60%, vessel (including downcomer) = 60%, and
total primdry system = 43%. The broken-loop pump suction leg rem:lined full of
liquid throughout the transient, whereas the loop seal on the Int;lcl-loop pump
t3uct ion was blown out around 600 s. The liquid from the inta( “-loop pump
suction was forced into the vessel.

Experimental and predicted veascl liquid masses, including thr downcomer,
are shown in Fig. 4. The curve labeled “’rest Datn” was calculated from test
data and was not measured directly. The initial underprediction of -3 kg in the
ve~scl liquid mass is the result of not including the liquid in the guide tube
and core support tube III Lho calculation, whereas the data do include thefic
ma~sc~. llll? total VesHcl volumr below the top of the core, including the
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In Fig. 5, a cladding temperature comparison
is given near the top of the core. Because of

of calculation and test data
the underprediction of vessel

liquid mass compared to the data between 300 and 600 s, core dryout was
calculated near the core center during this time. Near the top of the core, the
predicted dryout started around. 300 a when the core began uncovering. However,
the core was fully quenched at 600 s because of the intact-loop pump seal
b;owout. In the experiment, however, core dryout started around 700 s and the
quenching was not complete at the end of the transient. No core dryout was
calculated nor okerved at the bottom of the core where the experimental and
calculated rod temperatures followed slightly above saturation.

2. Tests S-SB-P2 and S-S13-P7 (Delayed Pump Trip)

Fur both these teste the initial and boundary conditions were identical
with a few minor excepting, such as small differences in the initial
steam-generator-secondary liquid levels, initial primary system flow rates, and
auxillary feedwater flows. The sequences of events for both these tests were
also identical except that Test S-SJ3-P2 was terminated at 814.6 s and
Test S-SB-P7 continued until 2464.8 s, with the pumps tripped off at 1117.2 S.

Thus , Te~t S-SB-P7 is an extension of Test S-SB-P2 beyond 814.6 s. Therefore,
only the results of Test S-SB-P7 are presented in this section with reference to
Test S-SB-P2 when appropriate. At the end of the transient for Test S-SB-P7,

1ooo

900

803

Il)o

60D

sol-l

4o11

... . m’

.rf’
/’

i

/

/

●✎✎

.m

m’

. m“

1 1 r 1 1 -.

n 7[10 400 60(1 Mu mix) ‘12(10 141!1) %()(1 11!1)0

. ..-— .. ....__

-TRAC-PD2

,TH-B3-353

TFS1 S–WI–PI
ICI.A[) RoD I
3.!>.%M

,



-12-

the ❑easured and calculated integrated break flowg were 174 kg and 161 kg,
ref3pectively.

Experimental and calculated system pressure histories are shown in Fig. 6.
The prea6ure was slightly overpredic~ed during the firgt 300 B of the transient.
As rcentioned earlier, this overpredlction represents a deviation from the
expected trend when TRAC overpredictti both preBsure and break flows. Low heat
transfer from the intact-loop steam-generator primary to the eecondary (because
of lower water mass on the secmdary side) was another cauBe fOr this
discrepancy. bter during the transient the pressure underpredictlon seems to
have been caused by (a) lower heat transfer from steam-generator eecondarie~ tn
the primar’es caused by tco much cold auxiliary ~,’edwater injected into the
secondaries, (b) lower core heat transfer because of core uncrv.cry, and (c)
higher Pnthalpy flow out through the break (even ~hou~h the calculated break
flow iti estimated to be -20% too lnw, the total energy out iti larger th:~n irI thu
experiment). Calculated prrssurtt oscillations ill thr sucr,nd half of LI)(I
transient wure cau~ed by corv rewl,ts,

At th~’ c,~d of tho transient, tht’ rii!~u]ntpd friiL”tir)n of t]){t ~nittill miss

inventories rctnfn>d on tilt’ primary Hjde were:: intnct loop = 517., hrukrll
loop - W, vussri (inrludiny downc(>mcr) = 65%, and to~ml
Thr

prlmnry sy*tl’m = 492.
ll’ItiiC~-lo(Jf) PUM]I S(lCt i(Jll I(*R V(I i di~d i4:tJund 1[)(10 * bllt, nftvr [hv pllmp

trippd nt 1117 *, tlllt !iquj[l from 111’1S ~IljlIr[lon gr;ldll;lllv rt’! i I 1~’d t 11{” ltl~;.

O.ml
n Mm In’*- rim-l ?Ilo I .’ ‘11)1)

1

11:>1 S-bU-l’/

‘W!hl.l.
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The broken-loop pump suction contin’led to void throughout the transient because
of the cold-le3 break.

Experimental and predicted vessel liquid masses (including downcomer) are
compared in Fig. 7. The mass underprediction before 1117 a (pumps-on pcrtion)
waa caused by incorrect system mass distributim. Becauae the calculat~d pump
performance did not degr?de aa much ag in the test, the vessel liquid inventory
wa6 depleted through redistribution into the locp~. me ~alculated vessel ~ss
remained below the critical mass of 29 kg from 300 s until the pumps trip+ed.
However, the core did not dry out because the pumps redistributed the llquid
ma~s from the downcomer into the core. l%e presence of bubbles also contributed
to maintaining the mixture level abcve the crre. lf the pumps had be~n turned
off at any time after 31)U B, the likelihood of a calculated core dryout would

have been high. Uryout, indeed, did occur in the calculation ’200 s after thr
plunps were turnud off at 1117 s. 06cillntions in the vessel mas at 1000 s may
be tht’ result of os.:illatirms in pump head during two-phase cpertition
(p;lrti~ularly [lw intact-lonp PUMP) that forced #lugs of liquid into the hot
lf?Kk. A %uddrn incruasv In thu calculnt(md as well as expcrimuntal core mass at
1117 H t;is thr rc~ult of liquid driitnin$t into thr VVSSV1 from Lk hot leg. llt’
cn lculat~’d inrrcnsr, how~ivvr, wiIs much lar~ur b~ri~us{’ of lar~rr ;Imollnt R () i

liqui(i iii tht~ Ioups and •l~ru comlllott~ drninin~. In thr cniculati[Jn tlli~ liqu:d

rcwv! ~.h(’ t(JI) (Ii C(Jr V, Wllit-li il)t r(’ilS.ld ttltt v;ipnr gvni~r;ltion riltlt, dlld, in turn,

prc’xsi”.rlzc’d LIIII uppl”r pl~~num ;tIld puslltl(i tllr liquid intt~ thcI rol(i ivgs thr,nl}:h
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the downcomer. This depletion of vessel llquid resulted in calculated cnrt’
uncovery at 1300 8 with a distinct core dryout down to the center of core. Tnt’
oscillations in the predicted vessel mass beyond this time were again cau~cd by

repeated core quenches. These calculated quenc;les were not in~tantaneou~ hut
rather were systematic and took place over several hundred time ~teps. The

appearance of instantaneous increases in the vessel mass In Fig. 7 results from
the compressed time scale.

Experimental and calculated cladding temperatures near thtt top of tll(. ct]rr
are compared in Fig. B. At the bottom, no core dryout was nbscrv~,d nor
calculated. The corc~ dryouL wa~ calrulatvd down to the centrr of tht~ rort~o but
no such observation was madu in the experiment.

B. Hot-b&-Break ‘i%~t~ (Tc#t~ S-SU P3 and S-St4-l’4)——— --- .-.— --- — .-..—___ —__________ . - .- - -----

1. Test S-Stl-P\ (E~rlv Pump Tri~)—-.— --- --.--—--- ---4-- .--—----
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VII. CONCLUSIONS

TRAC-PD2 provides a reasonable small-break modeling capability for
predii’ting slow-transient thermal-hydraulic phenomena and for determining the
effects of pump operaiion on resulting system response. For the cold-leg-break
and hot-leg-break tests, ❑ost compart~ons between TRAC-PD2 reoults and
experimental data generally predict co]”rect trends. This conclusion is based on

the primary system mass distribution, masu inventory, and void fraction
distribution. The specific parameters compared are mass flow rate at the break,
upper-plenum aveLage pressure, vessel liquid mass, primary system mixture
densities, and cladding temperatures at varioue elevation.

In the two hot-leg-break tests (S-SB-P3, pu--~ off; and S-Sl+P4, pumps
on), no core uncovery wag observed nor calculated. For the two cold-leg-break
test~ (S-SB-P1, pumps off; and S-SB-P7, pumps on), core uncovery was observed
for only the pumps-off test but was calculated for both pumps-off and pumps-on
te~t~. This difference bctwccn observation and calculat..lon for Test S-SB-P7 may
occur because the available pump curves do not predict the correct two-phase
bchavtor or because separation of the liquid and vapor phases in the upper
vrssrl nnd resultant cnrryovur of 1 lquid into the loops is not ar.r.uratcly
prcdlctcd. XII the cxpcrirn~nt tht’ pump performance dcgraclcd more rapidly than in
the’ cnlculatfon; thus, liquid rem;llned in th~ vessel and prevented core uncovery
rtiLhvr LhaII bclng distributed through the system by the pumps. A comparison of
till’ LW[J cold-lcg-brrak tcst~ (S-SB-P1 ilnd S-SB-1’7) with tll(~ two hot-leg-break
tl’sl.s (S-SB-l’ti :Illd S-Sll-1’1) dctllrmlnrt! lhnt thr rnld-lug-hrcnk L(JSL with th(~
ijnrly pump trip was m(]s 1 ~rvt’rr Wttll rvsiwrt t 1) t IIL’ Veli!il’ 1 liqUid Illilfi!+
invt”ntt)rv.
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