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ABSTRACT

.

Results are presented from a preliminary analysis of Semiscale Mod-2A
Test S-UT-7. Tnis test simulated a 5%, communicative break in tne cold leg .

of a pressurized water reactor eaufpped witn uoper nead emergency core
coolant injection (UHI) capaoility. Initial conditions were typical of, or

scaled from, a UH!' plant. Tne primary objective of tne test was to
investigate tne distribution of UHI water, and its influence on transient

oenavior, tnrougn comparison with Semiscale Mod-2A Test S-UT-6 whicn was
similar but did not use UHI.

.
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SUMMARY

:.

ints report. presents tne results of-.a preliminary analysis of data
.' from Semiscale Mod-2A small break Test'S-Of-7. This test simulated a

loss-of-coolant-accident resulting from a 5% communicative creak in'tne
cold. leg of-a pressurized water reactor (PWR). Tne break size for tnis
test was 0.1123 cm$ wnicn'is volumetrically scaled to represent a 15.6 cm
diameter pipe creak in a PWR. Tne Mod-2A system was configured to simulate

a PWR witn tne capability to inject emergency core coolant (ECC) into tne
vessel-upper nead. Tne upper nead accumulator was ' ressurized to 8.6 MPap

and tne loop accumulator pressures were set at 2.86 MPa, as is nominally
specified for upper nead injection (UHI) plants. Data from a previous test
(S-UT-6) was used to establisn the baseline response of the Mod-2A system-
for a 5% break witnout UHI for similar test conditions. Comparison of

-system responses between Tests S-UT-6 and S-UT-7 allowed an evaluation of

tne influence of VHl. '

..

Initial conditions for tne test were equivalent to, or scaled from,-

typical PWR operating conditions. Following rupture of the pressure
boundary, continuous depressurization took place and the system was
observed to void predominantly from tne upper elevations downward. The
injection of UHI liquid into the vessel upper head caused a delayed and
slower draining of the nead. It also caused a more rapid depressurization
during tne period of injection tnan was observed in Test S-UT-6. As the
system v,oided, fluid in tne pump suctions formed a seal wnicn impeded steam
flow around the loops. Tne formation of tne suction seals depressed ',ne
liquid level in tne core but did not result in any dryouts of the neater
rods. Once the intact loop pump suction nad cleared tne cold leg emptied,
uncovering tne break. Tne liquid remaining in tne vessel then slowly
boiled off until the system depressurized to tne loop accumulator pressure
of 2.86 MPa at 738 s. Some dryouts were observed in tne upper part of the
core beginning at 680 s. Dryouts only occurred at about the top 60 cm of
tne core and rewetting occurred rapidly once loop accumulator injection

~

began. Tne rod temperatures at initial conditions were the nignest
,

,
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ooserved for tne entire experiment. Measurements. indicate tnat mucn of_ tne-
' IOfililiquid exited tne upper nead.tnrougn tne-bypass'line to tne downcomer

.

and cold-legssand suosecuently flowed out tne creak by-300's. However,
enougn UHIz1fouid flowed into tne core and'downcomer to keep"tne minimum. , . .

core'liould level to -160 cm versus .a minimum of 115 cm wnicn occurred in
-Test S-UT-6.

Results of tne RELAPS-pretest prediction generally compared well witn
test data. Tne first 200 s of tne transient'was predicted _well~witn
respect to| system depressurization core temperatures, and upper head

-drainage. Tne code calculated vapor velocity at tne' break was too nign
after 2001s. :As a result, tne calculated system pressure and core-
collapsed liould level were lower tnan data indicated. Posttest_ analysis;,

improvements to tne RELAPS calculations will' investigate tnt representation
of slip at tne Dreak and its effect on system deoressurization and_ vapor~

generation-in_tne. vessel.- ,

.
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:1-- INTRODUCTION
'

.

~

Testing performed in tne Semiscale Mod-2A system is p' art of the water
- reactor safety researcn effort directed toward assessing and improving the..

-analytical. capability o'f computer codes wnicn are used to|pred'ict the -
Denavior of pressurized water reactors -(PWR's) during postulated accident .

scenarios. For' tnis purpose, tne Mod-2A system was- designed :as a
small-scale model'of tne primary system of a four-loop PWR nuclear
generating plant. The system incorporates tne major components of a PWR
including steam generators, vessel, pumps, pressurizer, and loop piping.
One loop (intact loop) is scaled to simulate tne tnree intact loops in a -

~

~PWR, wnile tne otner (oroxen loop) simulates the single loop in wnich a
Dreak is postulated to occur in a PWR, Geometric similarity nas been
maintained Detween a PWR and Mod-2A, .most notably in the design of a

25 rod, full-lengtn (3.66 m), electrically neated core, full-length upper
nead and upper plenum, component layout, and relative elevations of various.

components. Equipment in the upper nead of the Mod-2A vessel has been

designed to simulate tne fluid flow paths found in a PWR wnich has tne-

capability of injecting emergency core coolant (ECC) .into the upper head.
Tne scaling philosoony followed in th'e design of tne Mod-2A system
-(modified volume scaling) preserves most of tne important first-order
effects tnougnt important for small break loss-of-coolant transients.I

Tnis report presents a preliminary analysis of data from Semiscale
Test S-UT-7, tne seventn and final-test conaucted in tne UT test series.

Tne primary objective of tne UT test series is to evaluate tne capaoility-
of tne uoper nead injection (UHI) system to provide an increased margin
against core uncovery in tne Semiscale system during small break
transients. Tne test series investigated transients for 2-1/2%, 5%, and
10% cJld leg breaks. For eacn break size a test was first conducted wnicn

!- did not use UHI but did employ loop accumulators pressurized to 2.86 MPa to

y establisn baseline response data. Tnese vere followed by similar tests

|
wnicn used tne UHI system in addition to loop accumulator injection. Tests

i
' results will provide applicable data for use in the assessment of computer'

codes used to predict the Denavior of UHI systems.
,

f 1
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.

Test S-UT-7 was a 5%, communicative, cold leg breax loss-of-coolant
experiment performed witn upper nead accumulator injection. Tnis test

.

provided information on tne influence of upper nead injection on system
transient response wnicn will oe evaluated oy comparison to a counterpart ,

test (S-0T-6)2; a 5% break experiment witnout ECC injected into tne upper

nead.

Tne following sections present a preliminary analysis of Test S-UT-7.
Section 2 describes the system nardware, test procedures, and initial
conditions. Section 3 presents tne results of the test data analysis
including a comparison to Test S-UT-6. Section 4 compares the actual
systei.i response witn the computer code pretest prediction and Section 5
presents conclusions drawn from a prelim} nary analysis of tne data.

.
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2. .. SYSTEM CONFIGURATION AND TEST CONDUCT

^

2.1 System Configuration

.-

An isometric of tne Remiscale Mod-2A' system, as. configured for

Test S-UT-7, -is snown in _ Figure 1 witn major components identified.. The
Dreak was located in the broken loop cold leg between tne pump and tne
vessel and was connunicative in nature. . The break assemoly and orifice are-

2- snown in detail'in Figure 2. The break size was 0.1123 cm , wnicn is
volumetrically scaled to represent 5% of- tne cross sectional area of a cold
leg pipe in a PWR. Tne orifice was designed as oell-moutned witn a
lengtn-to-diameter ratio of approximately tnree.

Figure 3 is a plan view of tne Mod-2A core for Test S-UT-7 snowing its
orientation witn respect to tne remainder of tne system, tne location of

. - unpowered-rods, and tne distribution of internal cladding tnermocouples
monitored iring the test. Internally neated electric rods are used to

simulate tne nuclear rods in a-PWR. - The rods are geometrically similar to*

nuclear rods with a neated lengtn of 3.66 m and an outside diameter of.
1.072 cm. The axial power profile for the rods is illustrated in Figure 4,
snowing tne step cosine snape witn a 1.55 peak-to-average power factor.
All 23 neated rods were powered eoually. Tne total core power was 2.0 MW
wnich yielded a maximum linear neat generation rate of 36.85 kW/m. Tne

relative locations of in-core instrumentation (gamma dens).ometers and core
inlet drag screen) and grid spacers are snown in Figure 5.

Figure 6 snows tne configuration of the upper nead region of the
Mod-2A vessel. Tne internals of tne upper nead nave been designed to
simulate tne flow patns found in a PWR witn UHI capaoility. Penetrations
into tne upper nead consist of a perforated ECC injection tube, a bypass
line from tne top of tne downcomer, a simulated control rod guide tube, and
two simulated support columns.

.
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Tne neat loss _ makeup system for the Mod-2A' facility is composed of

numerous neater bands and taoes on tne. loop piping and five variable power
.

supplies.- Heater cands and -tape were installed on tne piping wnere space
allowed. -Tne neaters are controlled in five power banks; intact icop not .

leg, intact loop cold leg, intact loop pump suction, broken loop not and
cold _ leg, and broken loop pump suction. Tne total operating capacity of
tne system is approximately 51 kW. A more detailed' description of the

system may be found in Reference 3. A representation of the' distribution
of neaters may be seen in tne computer code system model in the appendix.s -

Tne data acquisition system' recorded measurements from approximately

275 instruments tnrougnout tne system. Tnese measurements included fluid
and metal temperatures, oressures, fluid densities, flow rates, liouid;

levels, Land other system parameters. A more detailed description of the
Mod-2A system may oe found in Reference 3.

.

2.2 Test Procedures and Conditions
4

{ 2.2.1 Preolowdown Activities

Prior to tne initiation of tne. test, tne Semiscale system was filled
witn demineralized water and vented to ensure a liouid-full system. Water
in tne steam generator feedwater tank was neated to tne desired
temperature. Accumulatcr water levels were estaolished and the

i- accumulators were pressurized witn nitrogen gas to tne desired pressure.
Tne-accumulators used in tnis test injected water into the upper nead and
tne intact and broken loop cold legs. Instrumentation was caliorated and
zerced as necessary and a system nydrostatic test was performed.a After
tne necessary protective trip controls and peripnerial hardware controls
(pumps, valves, etc.) nad been set, the system was brougnt to initiali

a. Tne measured leak rate for Test S-UT-7 was 0.0114 t/s at initial
conditions. Tnis is mucn smaller tnan the break flow rate during tne early

. portion of tne transient. The leak rate generally decreases witn system .

pressure and witn increased system voiding.
!

.

I
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conditions'and tne required levels'were established.in.tne fteam generator
secondary side's. _ Power for tne external neaters on the loops was brougnt-g

'

to specified conditions and tne system was allowed-to equilibrate.

.

Wnen _ initial conditions were witnin specified tolerances, tne test was

initiated by opening'a blowdown' valve downstream of the break orifice to
creak tne system pressure boundary.

2.2.3 Component Cantrols

Transient core pow 6r control and the intact and broken loop pump speed
~

controllers were initiated by a pressure trip L.4 s after tne pressurizer
. pressure reacned 12.9 :1Pa. Botn intact and broken loop steam generator
. steam valves were sequenced to close wnen tne pressure trip occurred. Both
ste'am generator feedwater valves were sequenced to close 24 s later.a

Tne _ core power curve and pump speed curves arc snown in Figures 7 and 8- .

respectively. More discussion of now tne core electric power curve was
determined, and now otner various component controls were selected, may be- -

found in Reference 4.

Tne neaters on tne intact and broken loop piping were gontrolled to
' offset system neat losses to tne extent possible. The power to the neaters

_

was determined by analysis of pretest scoping calculations wnicn compared
Mod-2A response for various control schemes against an ideal system with no
neat losses. Heater band power w?s controlled on-line according to tne
data presented in Figure 9. Tne neoters are initially powered at 51 kW
wnicn is approximately the maximum system operating limit. Power was
decreased as tne transient proceeded in response to the predicted voiding
of tne loops and resultant decreased fluid to pipe neat transfer.-

Tne HPIS and LPIS injection rates were controlled on a flow rate
;

versus system pressure basis to simulate tne cnaracteristics of a PWR

-.

-a. Tne Mod-2A steam generators. operate witn a lower tnan desired secondary
liauid level ~at initial conditions. Extra feedwater is injected foe 24 s

.to;ensare-tnat tne tubes are covered for tne transient. -

|

|
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plant. Tne specification for pumped injection' assumes one of two ECC and
~

enargingfpump trains fail'resultingtin only 78% of tne flow'from two-train
.

operation.- The HPIS flow for tne oroxen loop was mistakenly deleted as
descrioed in tne next-section. Tne actual intact and broken' loop HPIS.and.

LPIS flow rates ~ versus ' pressure for 'tne test are snowa in Figure 10. The
LPIS injection rate for tne intact loop is simply added to.tne'HPIS flowf

- rate for pressures below 0.98 MPa.

' 2.2.3 Initi&l Conditions and ECC Parameters.

Tne specifie'd and actual test conditions for Test S-UT-7 are compared
in Table 1. In general, tne' initial conditions and test' parameters were. |

Judged as.satisfactc 'y to meet tne test objectives. One notable difference -

was tne failure to inject HPIS ECC water into the broken loop cold leg.
. However, tne amount of HPIS injected into tne broken loop is small. The
expected effect of the failure to inject was deemed minimal since no, ,

significant core dryout was observed even witnout tne oroken inop .iPIS.
Ine experiment was therefore considered acceptable for addressing the-

objectives of evaluating tne influence of UHI.

.
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TABLE ~1. INITIAL CONDITIONS AND'ECC REQUIREMENTS FOR TEST-S-UT-7

~

Actual ValueParameter Soccified Value _
.

Initial Conditions

' Pressurizer pressure 15.5 0.2 MPa 15.5 MPa
Hot leg fluid temperature 594 2K. 598 K
Cold 1eg fluid temperature 557 t 2 K 558 K

~

Total core power 1.0 0.005 MW 2.0 MW
'

Radial power profile- riat
Core inlet. flow rate 9.77 kg/sa 9.0 gg/s
Pressurizer liquid mass 10.4 2 0.1 kg 10 ' kgd
S.G. secondary pressure-

Intact loop 5.9 0.2 MPab 5.7 MPa
Broken loop 5.9 0.2 MPab 5.92 MPa,

S.G. feedwate, temperature
Intact loop 495 2K 502 K'

Broken loop
. 495 2K 497

: S.G. secondary water level
Intact loop Footnote D 1112 cme

. Broken loop Footnote b 1000 cme*

Configurations,

: .- Break size 5%

! Break type Communicative
Breax location Cold leg
Pressurizer location Intact Igop
Pressurizer line resistance 5.9 x 10o m-4 d

ECC Injection
.

Upper nead accumulator
Actuation pressure- 8.6 t 0.1 MPa 8.69 MPa
Liould volume 0.0299 2 0.0005 m3 0.0299 m3 d
Nitrogen volume' O.0299 1 0.0005 m3 0.0299 m3 d
Volume of liauid
injected 0.0166 0.0005 m3 0.0166 m3d.

Temperature 300 10 K 290 K
Line resistance- 2.69 x 10 m-49

!

: Intact loop accumulator
- Actuation pressure 2.9 0.1 MPa 2.85 MPa.

Liquid volume 0.048 0.0005 m3 0.0456 m3
Nitrogen volume 0.025 0.0005 m3 0.0274-m3
Temperature 300 1 10 K 290 K
Line resistance 8.59 x 108 m-4 d;.

.

e
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TABLE 1. (continued)

Parameter Specified Value Actual value *

Intact loop HPIS .. ,

' Actuation pressure 12.5 t 0.1 MPa 12.5 MPa
Delay -25 0.5 s 25 s
' Injection rate See Ffgure.10
Temperature- .300.1 10 K' 290 K

Intact loop LPIS
Actuation pressure 0.98 MPa 10.05 MPa 0.98 MPa
Injection rate See Figure 10

,

Temperature 300 10 K 290 K

Broken loop accumulator
Actuation' pressure 2.9 0.1 MPa 2.87 MPa
Liodid'' volume 0.016 0.0005 m3 0.0136 m3
Nitrogen volume 0.0083 0.0005 m3 0.01075 m3
Temperatura 300 10 K 290 K-
Line resistance 7.73 x 109 nr4'

Broken loop HPIS .

Actuation pressure 12.6 0.1 MPa
Delay 25'' O.55 Not used
-Injection rate- See Figure 10 '

Temperature 300 t 10 K

Broken loop LPIS
Actuation pressure 0.98 0.05 MPa 0.98 MPa
injection rate See Figure 10
Temperature 300 t 10 K 290 K

a. Approximate value; flow is adjusted to acnieve required core AT.

o. Secondary side conditions are adjusted to obtain required primary side
temperature and AT.

c. Figure 10 snows tne sum of the scaled flow rates for cnarging and
safety injection pumps,

d. Tnese values are determined oy pretest calibrations or througn use cf
process instrumentation.

e. The reported level is the collapsed neignt of not water above tne top
of tne tube sneets after tne feedwatar flow had stopped (24 s after the
pressurizer pressure trip). Tne intact loop feedwater flow averaged
1.'6 kg/s and tne oraken loop feedwater flow averaged 0.64 kg/s.

,

'
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3. TEST RESULTS

:
. . .

Tne following sections present a preliminary analysis of tne results-
ootained from Test S-UT-7 data. First, a discussica of general system.

Denavior is presented, followed by more detailed analyses of factors whicn:

influenced tne response. Tne primary objective of tne experiment was to
provide data for tne evaluation of the effect of upper nead accumulator

injection on system response. Tne evaluation was facilitated by comparison
2to Test S-UT-6 whicn was performed from similar initial conditions but,-

witnout UHI, to establisn a baseline response for a 5% break.

3.1 General System Benavior

Table 2 presents a secuence of events for Test S-UT-7, derived from
test data, wnicn nignlignts tne important operations and tnermal-nydraulic
events tnat occurred. System response was cnaracterized by a continuous,

,

depressurization and voiding from the upper elevations downward. Formation
of loop seals in tne pump suctions resulted in a depression of the core*

liquid level. However, sufficient vessel liquid inventory remained to1

prevent dryout of tne neater rods during tnis period. Tne liquid-level in
tne cora recovered wnen tna intact loop seal blew out,a followed by a
small second depression as tne broken loop pump suction reformed a seal.
Botn loops blew out by aoout 230 s. Boiloff of fluid in tne core and
downcomer began after the pump suctions had blown out and tne cold leg had
voided (at about 400 s). A minimum collapsed core level of about 160 cm
above the core inlet was reacned at 800 s (immediately prior to loop
accumulator injection). Tnis resulted in the dryout of approximately the
top 60 cm of tne core and a brief temperature excursion. Tne remainder of.

tne transient was enaracterized by continued system depressurization and a
slow filling of tne vessel. Tne injection of ECC into the upper head

; oetween ap. proximately 21 s and 296 s resulted in a period of more rapid

i a. Pump suction liquid seal Denavior is generally cnaracterized by a '
'

depression of tne level in tne downflow leg to tne bottom of the suction, a
rapid " blow out" of about nalf of tne liauid in tne upflow leg, followed by
a long " clearing" of tne remaining liquid.-

19
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iTABL$ 2.: SEQUENCE 0F EVENTS FOR TEST.'S-UT-7
~

'

. '. ,

Time 1
'

Event- (s)
.

Blowdown-in'itiated 0

Pressure trip-- 8.6-

Intact.and broken loop main steam 10.8-
' valves'oegin to close

: Upper plenum fluid saturates- 11-

Core power decay initiated 12.4

L Intact and oraken loop pump coastdown- 14.2!
ir.itiated

Upper nead accurnulator injection oegins 21

Intact and oroxen loop main feed . 34'
water. valves Degin to close ' ..

HPIS initiated 34
.

Entire system saturated- 35-
4

Pressurizer and surge line empty. 37-

Power to oroken 1000 pump terminated 72.5

Broken loop pump stops 77

Power to intact loop oump terminated 133

Intact loop pump stops - 136

Intact loop pump suction blows 220
- out and oceak uncovers

.

Upper nead-accumulator injection ends 296'

Intact loop pump suctiJn 650
| cleared of liquid
!

; Broken loop accumulator injection begins 738
I-
; Intact loop accumulator injection begins 822

,

L -

;-

i

u

!'
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TABLE 2. (continued)

~

Time
Event (s)

.

Broken loop pump section cleared of liquid 1600

Broken loop accumulator liauid injection ends 1810

Intact loop accumulator liauid injection ends 3730

Test terminated 4800-

.

4

e

e
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system depressurization tnan was observed in Test-S-UT-6. The overall
~

effect of-u'oper nead injection on system.benavior early in tne: transient
.

was-miminal relative to tne response ' observed in Test S-UT-6. .Howewer, tne
UHI liquid did maintain a minimum core collapsed liauid level 45 cm nigner .

tnan tne 115 cm minimum obtained in Test S-UT-6, significantly improving
tne. margin against severe core neatup.

~3.2 Pressure Response

A comparison of tne upper' plenum pressures for Tests S-UT-6 and S-UT-7
,

.is presented in Figure 11. Tne timing of events wnicn affected'the system
depressurization in Test S-UT-7 are indicated on tne figure. Upon
. initiation of the transient, tne system underwent rapid depressurization
until about 35 s at.wnicn time fluid in tne entire system became saturated
at approximately tne initial cold leg temperature. Figure.12 compares tne
core outlet temperature, and cold leg temperatures to tne system saturation .

. temperature and indicates tnat at about 35 s tne cold leg fluid became
saturated. Extensive flasning in.the primary system is sufficient to -

reduce tne rate of system depressurization since during this portion of the
transient tne-oreak is still covered with nign density fluid.

Tne primary and secondary side pressure response: for Test S-bf-7 are
compared in Figure 13. Tne responses were very similar for Test S-UT-6.
rne figure indicates that tne intact loop and broken loop steam generators
remained tnermal. sinks for tne primary system until 200 s and 250 s
respectively. Tne slow secondary pressure decays for tne remainder of tne
transient indicates tnat tne voiding of tne primary side of the tubes acted
to effectively decouple primary and secondary benaviors.

Tne system depressurization response varied between tne two
experiments due to ,tne UHI system injection in Test S-UT-7. Figure 11

snows tnat tne system pressure dropped more rapidly between approximately
100 and 296.s in Test S-UT-7, during the period of upper nead injection.
Tne pronounced drop in pressure in Test S-UT-7 tnat began at about 225 s

.

22
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was tne result.of tne voiding of the cold legs and oreak uncovery wnicn
followed pump suction seal blewout. As will be snoen in Section 3.3.tne

'

- cold leg upstream of tne creax did not void'out as extensively in
Test;S-UT-6. Tnerefore, wnile tne pressure began to rapidly drop at about ,

tne same' time in Test S-UT-6 (Figure 11) ~tne depressurization auickly
slowed due to the liquid remaining at the break. . As.11 auld from the upper
nead again filled tne cold leg in Test 5-VT-7 the depressurization slowed.
Since the mass inventory and-distribution in Tests S-UT-6 and S-UT-7 were
nearly identical ~after about 400 s tne steam generation-rates and therefore
tne depressurization rates were similar.

-Loop accumulator in.ection began at a system pressure of coproximately
2.86 MPa and resulted in furtner slowing of tne depressurization rate (see ,

Figtre 11). Tne accumulator injection delivered ECC water to tne core and
increased tne rate.of steam generation, resulting in retardation of tne
system depressurization. Tne accumulators emptied of liauid by

,

- approximately 1810 s and 3730 s in tne bronen and intact loops

i respectively, and tne rate of depressurization then increased only sligntly .

since tne break flow rate and tne HPIS rate were nearly identical as snown
in Figure 14.

<

Both experiments were allowed to continue until system pressure
reacned tne LPIS set pressure (0.98 MPa) at 4700 s to verify tnat for a 5% - !

break experiment core uncovery would not occur prior to introduction of
LPIS. o.t tne time LPIS injection began, the collapsed liouid level
measurement in tne core indicated 90% of tne core neated lengtn was covered

i and tne level was stable.

3.3 Break Flow,

As snown in Figure 1, a break flow condensing and caten tank system
was used to measure tne flow out the break during Tests S-UT-6 and S-UT-7.
Inis.section discusses preliminary break flow rates as calculated from the
caten tank measurements along witn a brief explanation of break conditions

,

during tne. transients.
.
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Figure 15 compares the mass flow rates out tne break for Tests S-UT-6
and S-UT-7. Tnese were calculated oy differentiating the 11auid level

*

(differential pressure) measurements in tne caten tanks. Tne break flow is
cnaracterized as follows. A larqe initial flow spike occurs at rupture and

,

rapidly decreases as tne cold leg fluid approacnes saturation at 30 to
40 s. This is followed oy a period of relatively nign mass flow (saturated
nign density fluid) until tne creak begins to uncover at approximately 250 s.
Tnis aorupt uncovery s tne result of the olowout of liquid in tne pump
suctions as described in tne next section. Tnereaf ter, tr.e Dreak flow

' consists of primarily nign cuality steam. Figures 16 ano 17 compare tne
fluid densities in tne spool piece., upstream of tne creak plane in
Tests 0-UT-6 and S* UT-7 respectively. As can be inferred from tne snarp

,

density cnanges indicated by tne middle density snots, tne cold leg piping
was only partially full of liquid for most of tne initial 250 s of tne

transient, wnicn accounted for tne fluctuations in the Dreak flow. Wnile

tne Dreak initially uncovered at aoout 230 s in Test S-UT-7 anicn was
,

earlier tnan in Test S-UT-6, tnere was a brief, partial refilling of toe

cold leg from UHI water as is seen in Figure 17. (Upper nead fluid -

benavior will ne discussed in Section 3.6.) Tne effect of UHI on the break
flow rate is illustrated more clearly in Figure 18 wnich compares the
integrated break flow rates for tne first 1000 s. It is seen from tnis
figure tnat tne difference in break n corresponds almost exactly with
tne amount of UHI liauid injected into tne system (16.6 f.). Tne analysis
in Section 3.6 will snow tnat it was apparently tne case tnat mucn of the
UHI liquid injected exi' d the vessel upper nead tnrougn tne bypass line to
tne downcomer and cold eegs. Tne increased energy removal througn tne

creak was tne reason for tne more rapid depressurization in Test S-VT-7 as

discussed in Section 3.2.

Tne curves in Figure 16 snow that some refilling of tne broken loop
cold leg occurred as a result of loop accumulah r injection from
approximately 750 to 1300 s. Tne nigner level in Test S-UT-6 procaoly
resulted from tne sligntly nigner injection rates in Test S-UT-6 wnich
resulted from a sligntly more rapid depressurization during tnis time.

i However, in neitner case did tne cold leg refill enougn to affect the Dreak
1 .

; flow rate.
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Tne curves in Figure 14 snowed tnat after 1300 's tne creak flow rate
was on tne order _of tne HPIS ' injection rate. - For most of tne remainder of

*

.tne _ transient tne density measurements, as well as video tapes of tne break
orifice taken tnrougn a Storz lens, snowed tnat a small layer of. liquid

,

remained in tne cottom of tneacold leg piping. Tne breax flow was
- oredominantly steam with some apparent entrainment of droplets from tne
surface of tne liauid.

3.4 Loop Hydrau ic Response and Void Distribution

The first 250 s of the transient was characterized by the voiding of-
tne loops from tne uoper elevacions downward. Differential pressure
measurements snowed a smootn, bidirectional' collapse of licuid from the top
of tne steam generator tubes into the loop piping, rieasurements in tne
broken loop steam generator tubes indicated a slower draining tnan was
ooserved in tne intact loop. Tnere was some apparent liauid nold up until

,

aoout 200 s, versus tne approximately 130 s it took tne ;ntact loop steam
generator tubes to void. Figures 19 and 20 snow tne liauid level behavior.

- in tne intact and Droken loop pump suctions, respectively, for Tests S-VT-6
and S-UT-7. Once the liauid levels nad collapsed into the suction piping,
tne remaining liquid formed a manometric " seal" wnicn impeded steam flow

around tne loops. Tnis in turn caused a back pressure in tne core region -

and som.e depression of tne core level (discussed Section 3.5). By 210 s
tne level in tne intact loop suction was depressed to the cottom of the
U-oend and tne suction " blew out" mnst of tne liauid in tne upflow side.
Witn tne establishment of a steam flow relief patn around the loop the cold
leg piping voided, as was snown in Figures 16 and 17, uncovering the
break. The injection of UH1 liauid in S-VT-7 nad little influence on loop
voiding uecause tne injection rate (on the average of 60 mr./s) is small
compared to both the break flow rate and the rate of displacement of liquid

from tne loop piping.

.
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The intact and broxen loop accumulators began injecting water into tne
cold legs at 822 s and 738 s respectively. A steady refill of tne syste ,

~

accompanied tne period of accumulator injection. '

.

A preliminary attempt was made to perform an overall mass balance on
tne system by balancing tne mass flow rates into and out of tne system.
Tne component flow rates of the mass balance for S-UT-7 are snown in
Figure ~21, except for tne break flow whicn was snown in Figure 15. Tne
miss flow rate out of tne system (break flow and leakage)" was subtracted
from tne flow into tne system (HPIS and upper nead, intact, and broxen loop
accumulators). inis net mass flow rate was integrated and added to tne
155 Kg initial system mass. Tne results for Tests S-UT-6 and S-UT-7 are
compared in Figure 22. Comparisoi. of tne two curves witn tne upper nead-

accumulator fiow in Figure 21 snows tnat tne only significant variation in
tne system masses began at approximately 250 s as a result cf the large

'

flow surge from tne upper nead accumulator. As will be snown in tne next
,

section tnis additional mass had an influence on Core benavior, by
maintaining a greater vessel liauid inventory. Figure 22 also snows tne
steady refilling trend of tne system which began with accumulator
injection. Tne difference in the two curves after approximately 2500 s is
small enougn that it may be tne result of several approximations used to
gencrate tne curves.

3.5 Core Rcnavior

Tne vessel liquid inventory in Test S-UT-7 decreased gradually, due to
boil off, prior to tne initiation of loop accumulator injection and

resulted in some neat up of the rods in tne upper core region (above
approximately 300 cm). Figure 23 compares a typical upper core neater rod
temperature response (THV*B4+322) and the core collapsed liauid levels for
Tests S-UT-6 and S-UT-7 Tne data snow tnat in eacn experiment neatup

a. Most of tne system sea < age occurs tnrougn tne intact loop pump snaft
seals. Inis leakage was collected for tne entire test and an approximate
rate estimated as snown in Figure 21.

.
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began as tne collapsed liquid. level.reacned approximately tne middle of tne-
'

core. : Figure:24 compares tne collapsed liquid . levels in- the core and
'

downcomer for Tests S-UT-6 and S-UT-7 and snows tnat following rupture.

rapid voiding of tne core occurred. Figure 25 furtner illustrates tnis-<
,

core. voiding Oy presenting fluid densities at several elevations in tne
core (gamma densitometer measurements). The data indicate tnat within tne. -

first 100 s a large axial density gradient was estaolisned. Figure.24
snows a nigner nydraulic nead in the downcomer tnan in the core for eacn
oftne experiments resulting from tne' formation of loop seals in tne pump
suctions and from the pressure drop due to flow around the loops. 'Althougn
in eacn test tne core level was depressed by the formation of loop seals,
tne depressions were not sufficient to result in any core dryout.

Figure 24 indicates that at about 300 s in Test S-UT-6 a slow boiloff
of tne core and downcomer lionid inventories began. At about the same time
in Test S-UT-7 the core and downcomer inventories increased due to a final .

drain of upper head liquid, (see tne following section) and as a result- tne
level in tne core was aoout 35 cm nigner wnen core boiloff began. Tne -

extent of the core boil off tnat occurred prior to activation of loop

accumulator ECC injection directly reflected-tne replenisning of 35 cm of
.

liquid in Test S-UT-7. Tne difference in core liquid -levels at tne point

of minimum core inventory was approximately 45 cm. Figure 23 illustrates
tne benefit of UHI injection in Test S-UT-7 by snowing tnat, altnough core
uncovery and neatup occurred in eacn experiment, the degree of neatup was

,

consideraoly less in Test S-UT-7 witn typical peak cladding temperatures
Deing approximately 100 K lower.-

Once loop accumulator injection began, a steady refilling of tne core
and downcomer ensued in botn tests. In both tests small manometric

,

oscillations occurred between the core and downcomer beginning at about
1250 s whicn nal no effect on core cooling. Following depletion of
accumulator liauid the HPIS inject:on rate in the intact loop was

sufficient to replenisn ooiloff and maintain stable conditions.
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3.6 Uoper Head Fluid Benavior

"

..

Tne distrioution of upper nead fluid ' injected from tne upper head
accumulator is of particular interest in comparing tne response inu

Tests S-UT-6 and S-UT-7. Figure 26 compares the collapsed 'liouid levels in
, .

the upper head for tne two experiments. The' figure shows that 'the rate of.-
injection was not-_ sufficient to maintain a full upper heaa volume and
draining occurred.: Tne final draining'of tne upper head occurred at about
190 s and 400 s~in Tests S-UT-6 and S-UT-7 respectively. At about 220 s in
Test.S-UT-7 the level' dropped to tne top of tne support columns and
provided a vent for steam in tne core resulting'in a sudden drop in
pressure. Tnis in turn . induced a surge of UHI ECC which n'early refilled
tne upper nead prior to UHI oeing terminated at 296 s.

Figures 27 tnrougn 29 compare tne bypass flows,-guide tuce flows and
aflows througn one support column for Tests 5-VT-6 and S-UT-7. Tne tnree,

figures snow similar benavior for tne first 60 s of tne transient as flow

tnrougn tne upper nead decays coincident witn primary coolant pump-

coastdown. Tne bypass flow for Test S-UT-7 (Figure 27) indicates reverse
-flow (indicating upper nead injection and draining) beginning at about 70 s -
'and continuing until about 230 s. At 230 s tne upper nead liouid level
drained Delow tne Dypass line elevation and a positive flow of two-pnase

liould from tne downcomer ensued until about 265 s (due to condensation
potential in tne upper nead) at which time the upper head refilled.
Draining of upper nead fluid again occurred until about 330 s at wnicn
point the bypass line once again cleared. Positive flow continued until
tne support columns uncovered at about 380 s at which time the upper head,
via tne byoass line, provided venting of steam generated in tne core. Tne
reverse flow tnrough tne guide tube (Figure 28) was similar for both

,

experiments until about 125 s. Condensation in tne upper nead results in
reverse flow up tne guide tube wnicn increases during tne period of 175 s

a. Ine flow measurement in tne remaining support column failed in
Test S-UT-6..*

.
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,

to 230 s.wnen.tne collapsed' level was below tne-top of 'tne guide tubes.; In
Test:S-UT-6, ttne upper nead was drained by about 200 s and at that_ point

~

tne reversed flow tnrougn'tne. guide tuDe' began to' drop to near Zero. '

,

JSupport column; flow (Figure 29) in Test 5-UT-7 remained 'pos'itive and -
~

.

-generally. larger tnan in Test S-UT-6 until tne top of tne support columns-

uncovered. 'At tnat point,. strong reversed steam flow Degan wnich persisted
until .tne upper nead refill'nad provided a nead of ~liauid. sufficient to

're-estaolisn~ draining. . Figure 30 compares the volumetric' flow-in the two.
support. columns for Test S-UT-7. Tne figure snows -identical oenavior in
eacn,_except netween about 270 s and 300 s during whicn one tune was-

: draining wnile tne otner supported a reversed steam flow. After 296 s,
wnen U:11 ended, the suocooling in tne upper head decreased wnich diminished
the condensation potential and draining resumeu in both support-columns.

It is concluded from tne uoper head fluid benavior, the comparison of
core liquid level Det.avior and tnermal response, and tne break flow

.

response tnat tne UHI liauid provided energy removal from tne system by
directly . increasing tne break flow rate. The UHI also increased tne core ,

and'downcomer liquid inventory after the pump suction piping liauid~ blew
* out, prior to core Dailoff. Tne net effect was reflected in a core neatup

in tne upper core region that was at,out 100 K less than in tne non-UHI
evperiment.

.

.

!
|

|
'
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.

4. ~ C0i4 PARIS 0N OF SELECTED DATA TO PRETEST PREDICTION CALCULATION
.

'

A comparison of Test S-UT-7. data to results of tne test prediction is
' presented in tnis section. Tne test prediction calcul'ation was performed .

tnrougn tne first 782 s of the transient using the RELAP5/M001 computer

code-(Version 6). A' detailed. description-of tne results of the calculation
is given in. Reference 4. The system model used in the calculation is

~ described in Appendix A. -Comparisons presented in this section provide a
basis'for evaluating the capability of the present analytical model to
predict the system response resulting from a 5% communicative cold leg-
Dreak witn UHI in the Semiscale Mod-2A facility. Table 3 compares tne
significant initial conditions specified, measured, and calculated for

Test S-UT-7; Table 4 snows tne calculated sequence of events for

Test S-UT-7.

Tne most significant difference between tne calculation and tne
,

experiment was tnat tne calculated velocity of tne vapor pnase flowing-
tnrougn tne creak was apparently too nign after tne transition to a- .

two'pnase creak flow occurred at 189 s. Inis is oelieved to nave oeen
caused oy tne use of 0.9 for the two-pnase discnarge coefficient at tne
creak junction. Tne appropriate value of tne two-pnase discnarge
coefficient depends on the snape of the break orifice and is not known

precisely. Tne approximate range of values for a rounded entrance orifice

-(used at tne creak in Test S-UT-7) is 0.7 to 0.9. Tne effect of tne break
two-pnase discnarge coefficient on calculated system response will be
investigated as part of the posttest analysis effort.

As a result of tne nign vapor velocity at tne break, the system
pressure was underpredicted after transition to two-pnase break flow at
189 s in tne calculation (Figure 31). From 0 to 189 s the calculation
agreed reasonaoly well with tne experiment; nowever,-Figure 31 snows tnat
after flasning started in tne primary system at 30 s, the calculated rate -
of depressurization was sligntly nigner tnan tne measured rate. Tne
clearing of liquid from tne broken loop pump suction piping (Figure 32) at -

230 s in tne calcu19. tion resulted in tne formation of a vapor patn from tne
.

50
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TABLE 3'. !NITIAL CONDITIONS FOR TEST S-UT-7
.

+ Specified . Measured RELAPS
_

Nominal system pressure- 15.5- 0.2 MPa 15.5 15.5.

Hot ' leg fluid temperature ; 594 2% 598' 594

- Cold leg _ fluid temperature 557 2K 558 558

Total core power 2.0 0.005 MW 2.0 2.0

aCore inlet' flow rate 9.77 kg/s 9.0 9.31

Steam' generator secondary pressure
Intact loop. 5.9 t 0.2 MPab 5.70 5.45
Broken' loop 5.9 0.2 MPab 5.92- 5.44

Stea.1 generator secondary water level
Intact loop' Footnote o 680 467
Broken loop Footnote b 650 677

. Steam generator secondary feedwater
' Temperature

Intact. loop 495 2K 502 495
Broken loop 495 2K 497 495-

a. Approximate value; flow is adjusted to acnieve required core aT.

o. Secondary flow conditions are adjusted to obtain required primary side
temperature and AT.

v.

,

.

A

4
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>

TABLE 4..' SEQUENCE Os EVEN'TS FOR TEST.S-UT-7:

Calculated Measured -

Time ~ Time

' Event (s) .(s) ..

.Breax opens. . 0.0 0.0.

Scram signal . received (low pressure). 8.6 8.6

Steam generator stea.n valves begin to close. 18 . 6 . 10.0

'' Hot legs reacn saturation. 10.0 11.0

Core power. trips, primary coolant pumps. 12.0 12.4
~

trip. ,

P. essurizer empties. 20.0 37.0

Start of UHI accumulator injection. 24.0 21.0-

-Intact loop cold leg'reacnes saturation. 31.0 35.0

HPIS. initiates. 33.6 34.0
'

Broken loop primary coolant pump completed 82.0 77.0 -

.

coastdown.:

Intact loop steam generator becomes a neat 100.0 200.0
source.

Intact ' loop primary coolant pump completed 142.0- 136.0
coastdown.

Broken loop steam generator becomes a neat 190.0- 250.0
source.

Intact loop pemp liould seal clears. 260.0 .220.0-

Start-of intact loop accumulator injection. 520.0 822.0 '

,

Start of proxen loop accumulator injection. 520.0 738.0
,

End of calculation. 782.0 <

|
,

+ 4

!

-

.

!
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vessel to tne creak. Tnis resulted in an increased volumetric flow through
tne break wnicn tnen caused a nigner rate of depressurization in tne

'
~

- calculation at 230 s. In tne experiment, tne intact loop pumo suction

cleared at 250 s:(Figure 19). Figure 31-snows a corresoonding. increase in
~

.

tne rate of depressurization.in tne experiment at tnis time. In botn tne
experiment and calculation, tne rate 'of depressurization decreased after
draining of tne upper nead (Figure 33), wnicn occurred at 320 s in tne
experiment and 280 s in tne calculation. Tne reduction in depressurization

rate was caused by increased vapor generation wnen the upper nead fluid
drained into the notter regions of the vessel.

.Tne underprediction of tne system pressure (Figure 31) after 150 s
resulted in earlier activations of tne loop accumulators (Figure 34). Tne
initial calculated effect of'the accumulator injection at 520 s was to
increase the liquid. inventory in tne cold legs. Tne increased density
upstream of the creak resulted in a reduction of tne break volumetric

,

flow. Witn tne reduced break volumetric flow, tne calculated vapor
generation rate in tne core at this time was sufficient to briefly increase-

tne system pressure. Tne increase in system pressure in the calculation
caused tne accumulator t; snut off from 550 to 580 s as shown in Figure 34.

.

t

Tne system mass inventory (Figure 35) was generally predicted well
from 0 to 520.s. At 520 s tne loop accumulators were activated and the
system mass was over predicted after tnis time. Tne overorediction of tne

tapor velocity at tne Dreak after 189 s resulted in tne overprediction of
vapor generation and liquid depletion in tne vessel. Figure 36 snows tnat
two periods of core boiloff occurred in tne calculation wnicn were not
observed in tne experiment. Tne first period was terminated at 280 s oy

: tne draining of the upper nead, and tne second ended at approximately 600 s
-as a result of tne cold leg accumulator injection. Both of tne calculated
ooiloff periods resulted in brief temperature excursion 2. Tnese are snown
in Figure 37 whicn compares tne nignest calculated cladding temperature
witn tne corresponding measurement. (The initial measured temperature is
nigner in Figure 37 because it is an internal temperature; tne calculated-

.
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temperature is a surface temperature.) Temperature excursions did not

occur in tne experiment prior to 700 s because tne nigner liquid inventory
~

in the core provided sufficient coolingsof tne neater rod.
.

Tne nigner depressurization rate in tne calculation resulted in
earlier emptying laf tne upper nead accumulator (Figure 38). Comparison of
Figures 38 and 33 snows tnat in botn tne calculation and the experiment
draining of the upper head began snor' after emptying of the upper nead
accumulator and toot approximately 50 s. During the draining process

liquid flowed out of the upper nead tnrougn the , bypass line and support
colunos wnile vapor flowed into tne upper head tnrougn tne guide tube.
Figures 39 and 40 show that this was tne draining mecnanism in both the
calculation and tne experiment altnougn tne magnitudes of tne calculated
upper nead flows are somewnat different than the maasured values.

Comparison of tne S-UT-7 pretest calculation witn tne S-UT-6 pretest.

calculation (Reference 5) snows tnat, witn UHI, tne calculated core liquid
depletion (Figure 41) and corresponding neatup (Figure 42) are of smaller*

magnitude. Tnus, tne calculated effects of UHI on tne core Denavior were a
reduction of liquid depletion and neatup. Figure 23, nowever, shows tnat
tne magnitud! of tnese effects was overcalculated. Tne apparent reason for
tne overcalculation of tne effects of UHI was tnat tne calculated vapor
velocity was too nign at tne break as discussed previously. As a result of
tne nign vapor velocity, tne calculated oreak volumetric flow was also too

i
large wnicn resulted in too mucn vapor generation in tne vessel. Witnout'

tne additio1 of liquid from the UHI system (Test S-UT-6) tne vapor
generation in the vessel caused extensive liquid deplet.3n and neatup in
tne core as snown in Figures 41 and 42.
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5. CONCLUSIONS-

*

~.Results from Test S-UT-7 nave provided information about. system

' pressure response, fluid mass distribution, core coolability, and ECC,

injer. tion effects for a 5% communicative, cold leg break, loss-of-coolant
experiment witn upper nead-an'd cold leg ECC injection. The. test met its
oDjective of providing tnermal-nydraulic data to be used in assessing
computer code performance and for evaluating ne relative effects of upper
nead injection e,'.*ing a small break LOCA.

Injection of UHI fluid during a 5% cold leg breax experiment provided
sufficient mass addition to tne core inventory so as to reduce tne degree
of core neatup oy 100 K. Tne UHI liquid was found to pass botn to tne
Dreak and to tne core region.

Results of tne RELAP5 pretest prediction compared reasonably well with
.

test data. Posttest analysis will be required to fully account for
deficiencies 'in tne calculation.a
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APPENDIX A'-

~ a '

Tne pretest calculation for Semiscale Test S-UT-7 was performed - ,

using RELAPS/:4001'(reidased version- 6) .D A'model nodalizacion diagram .

. used for tne calculation is snown in Figure A-1. Tne model consists of-
,

175.nydrodynamic vo'lumes.and 197 neat structures.' All volume parameters
' are' calculated witn nonequiliorium code models. Break' flow multipliers of

0.80 and 0.90 are used for suocooled and two-pnase disenarge coafficients,

respectively. Information gained from tne heat loss cnaracter ization tests
~

! concerning tne magnitude and distribution of systed neat losses was
*

incorporated into the model~ System guard heaters-are powered to offset.

environmantati system heat losses.
'

i

d

,

..

[

:

r

i

4

i

h

I

a. Historical code configuration control numoer F00227. '

O.- Historical code configuration control number F00181.
"

i
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