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Cat 7 TRACT NO. NBC-04-76-215
INNIML FD7IHLY PROGRESS REPORT FOR OCIOBER 1979

Gentimen:

'Ibe following sumerizes the subject mtter covered in the attached report:

Planning for the small break scoping test continues and a
shakedown test confirms an expected scaling umeruaise behavior.
Blowdown /EOC injection testing continms with the current TIRA
configuration. Iower bundle taperatures are confired with the
improved TLTA hardware and power decay sinulation. Work continues
on determining heat transfer coefficients frcxn the measurments.

Distribution of this report is being made in accordance with the "Fbnthly
Distribution List" provided with W. D. Beckner's letter of September 6,1979.

Very truly yours,

hJ d'

G. W. Burnette, Panager
External Program
FVC 583, 'Iulephone (408) 925-5375
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BWR BD/ECC PROGRAM

FORTY-EIGHTH MONTHLY REPORT

OCTOBER 1979

SUMMM.U._

Planning for the small break scoping test continues axl a shakedown test
confirms an expected scaling w vtuuise behavior. Blowdowr/ECC injection testing
continues with the current TLTA configuration. Iower bundle tenperatures are
mnfimM with the inproved TLTA hardware and power decay sinulation. Work
ocntinues on detennining heat transfer mefficients frun the neasurments.

TASK AA - PROGRAM PIANNING AND ADMINISTPATIW

Analysis effort continued in support of small break scoping test planning.
Because of the existing w +1uuises in the TLTA, there is no single scaling
criterion that can be applied to teptuduce the response expected in a BWR during
a anall break. Various alternatives and cmbinations of scaling criteria are
being evaluated. It appears that nost of the controlling phenomena can be
evaluated in the TLTA although the nagnitude of the responses and timing of key
events may not be prototypical. A meeting will be held in Washington, D.C.,
during the first part of Nov.mber to review this planning effort.

TASK FF - TLTA TESTING .

Several TLTA tests were conducted during the month as follows:

TEST DESCRIPTION

1) 6423, Run 2 - Peak power, low EOC flow, high ECC
t mperature.

2) 6422, Run 3 - Average power, average ECC flow and
tmperature.

3) 1017 - Pressure Isolation /Irak Test

A prob 1m was encountered during Test 6423 which resulted in not having the
vessel pressure recorded. Since this test is an upper tound and will likely
receive considerable scrutiny, the test will be repeated to obtain a cmplete
set of measurments. 'Iko runs were nede for Test 6422. 'Ihe first run contained
a bundle power malfunction; the second, ccmpleted near the end of the nunth,
appears to be a good run. Test 1017 was a shakedown test to determine if the
system could hold constant pressure. Bundle power decay was initiated at tine
zero, coincident with tripping power to the recirculation pur:ps. The pressure
control valve didn't seat cortpletely which lead to a slight depressurizaticn of
the system. An order for a new operator and plug has been made. While the
test was unsuccessful in holding systs pressure, the test did confim ttc
presence of a mancmeter typ bundle uncovery at the end of flov .mtdown when
the transient was initiated frm the " normal" (very low relat'.ve elevation)
water level of the TLTA. 3q 7 ;]
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TASK GG - ANALYSIS

mta fran the peak power, low flow /high tanperature EOC test (6423) are
being evaluated for acceptability as well as for interpretation. Preliminary
evaluation reveals that the cladding tanperatures frcxn this test are signifi-
cantly lower than the previous peak power test (6414). 'Ibe early systm
restxnse and bundle heatup response are similar as expected. During the post-
lower plenun flashing and bundle uncovery period, the bundle heatup response
is significantly slower due to the improved power decay sinulation. The
maxinun tanperature at peak power plane is <1000'F in this period cmpared to
1500*F fran the previous test (Figure 1) .

'Ihe loer tanperatures observed in the recent peak power test (6423) are
attributable to the major inprovements in the TI!IA simulation. One of the
improvetents is the . unproved bundle decay heat simulation; another is one nore
representative bypass to core leakage flow path.

Heat transfer coefficients are being obtained frcrn selected heater rod
tha m eles in the BD/EOC-1A series 1 tests. The purpose is to evaluate the
heat transfer effects for tests with and without ECC injection. 'Ihe thermocouples
were selected fran those measurements giving the maxinun tanperature at the
higher tenperature elevations. The tests fran which the thermocouples have
been selectcd are: Average power, no ECC (6007/Run 26); average power, average
ECC (6406/Run 1); peak power, low flow /high tenperature ECC (6414/Run 3) .

'Ihe current test series has a bundle with better instrumentated heater
rods. Results fran these new tests are also being evaluated to determine the
heatup response throughout the bundle as well as in the vicinity of the grid
spacers. A copy of the program su mary and status report, "BWR Blowdcw1/DTaityncy
Core Cooling Integral Progima", present.ed at the 7th Water Reactor Safety Research
InfoImation Meeting is enclosed.

hM
G. W. Burnette, Manager
External Programs

.
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BWR BLOWDOWN /EMERGENC.Y CORE COOLING*

INTEGRAL PROGRAM

.

.

G. L. Sozzi
W. S. Hwang

L. S. Iee

R. P. Jordan

Septa ber, 1979

General Electric 02tpany
j ,

Nuclear Energy Engineering Division
San Jose, California, USA

For Presentaticn at 7th Water Reactor Safety Research Informaticn Meeting
Novmber 5 - 9, 1979

National Bureau of Standards

BACKGRWND

Emergency core cooling (ECC) systms are designed to maintain fuel claMing
tarperatures below specified limits, even under the hypothetical loss of coolant
accident (IDCA) in which a ruptum of one of the main pipes emnected to the
reactor pressure vessel is postulated. 'Ihe BWR Blowdcwn/ Emergency Core Coolant
(BD/EOC) Program is an experimentally based program to investigate the integral
effects of ECC injection during a hypothetical IOCA. 'Ihis program is sponsored
by the Nuclear Regulatory Camission (NRC), the Electric Power Research Institute
(EPRI), and the General Electric Orpany (GE) .

'Ihe principal objective of the BD/EOC Program is to obtain and evaluate
basic BD/ET data frm test system configurations which have performan chsrac-
teristics similar to a BWR during a hypothetical IOCA. Another principal objective
is to determine the degree to which current IDCA nodels describe the observed
phenmena and,as necessary, develop inproved physical interpretaticn of the governing
phencmena.

1402 723
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%e Wo-Icop Test Apparatus (TLR) [ Figure 1] is used to provide the thermal-
hydraulic characteristics of aBWR under the postulated IDG situation. Electri-
cally heated zuds are used to simulate a fuel bundle frm full initial power to
decay heat power level, and coolant injecticn systes are designed to supply the
sm1M ECC flow rates.

Se BD/frC program can be ocnsidered as an extenticn of the BWR Blowdown
Heat Transfer (BWT) Program which was ocxpleted in late 1975. Se r % aa-

is divided into several test phases which are designed to investigate different
portions or variations of the BWR IOG response. % e TLR has been modified to
meet the primary objective of each testing phase with the overall objective of
maintaining a real-time, thermal-hydraulic system respcnse. %e various test
phases are identified and sunnarized in Table 1.

Suns

%e 7x7 BDiff and 8x8 BDiff test phases and the first series of ED/BOC-1A
tests have been ecupleted. % e 7x7 and 8x8 BDHT tests investigated mainly the
blowdown porticn of the IOCA transient and as such, the ECC sytts was not
activated. %ese results serve as a baseline frm which the effectiveness of
the ECC systs can be evaluated. %e tests with the ECC injections were per-
formed in the BD/ECC-1A phase.

RE:SULTS

(a) % e Reference Test With ECC

%e phencnena that cksninate the systm response are characterized
by the snap shots at selected instances in time as shcun in Figures 2 and 3.
%e two-phase mixture level throughout the systs (Figure 4) serves to
illustrate the overall ccnditicms during the transient.

(b) Ccrtpariscns of Tests With and without EOC

Detailed ccupariscns of the test results with and without ECC are
given in Figures 5 through 10. %e syst s depressurizes at a slower rate
in the test with ECC, particularly beyond about 60 seccnds (Figure 5) . As
expected, the ECC injections cause mass accumulations in various regions
(Figure 6) during the transient, which are also reflected in the two-phase
level ocmpariscn (Figure 7) . As shown in Figure 8, the effects of the ICC
injecticns are to produce significantly lower rod tmperatures at each
bundle elevation. %ese ccxTparsions also show a delay in bulk bundle heat-
up and.significant rod rewet through the transient. Beyond 60 seccnds signi-
ficant differences are seen in the fluid density in the break vicinity,
break flow rate and quality between the tests with and without IDC (Figures
9 and 10) . %ese break flow differences cause the cbserved differences in
the systs depressurization rate (Figure 5) . Figure 11 shcus a ocmparison
of the measured bundle pressure drop for the peak power (6.49 rw) and average
power (5.05 nw) bundle tests. his ocmparison indicates that there are no

1 /\ 02 72
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significant differences in the bundle hydraulic response for different
bundle power levels. his irainates that bundle respcmses for both the
average and peak power cases are representative. As shown in Figure 12,
the peak cladding taperature (PCI) is higher as expect.=21 for the peak
power test. Figure 12 also shows the PCI fx the low power test.

CtripariAns of the reasured and predicted system blowdown and peak clad
tsperature respcnses are shown for the reference tests in Figure 13. %e
predicted respcmse was obtained frcxn the current BWR evaluaticn Imdels (D4)
applied to the TL'IA. %e ccupariscns show the expected faster calculated
depressurizaticn response and indicate a large margin in the calculated peak
cladding teuperature.

02EwSICNS

e IER ECC system is very effective - the peak claMing t=zw&ture is
significantly lower in the test with ECC.

e %e slower system blowdown seen in the test with ECC is due nainly
to the break flow differences.

e %e system resynses are found to be similar in the peak and average
power tests.

e %ere is a large Irargin in predicted peak cladding taperature.

1 /! n ') 7}}-
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TABLE 1

BWR-BIDWDOWN HEAT TRANSFER /EOCS INIERAL TEST PROGRAM
.

.

.

PHASE TUIA CBJECTIVE STAIUS

7x7 B mT 1 o Baselire IMR Data Ch pleted 1975

8xB BalT 2 o Burdle Variation C%mpleted 1976

3 o BWR/4 - 6 Ch pleted 1977

4 o Baseline Data with tb Ch pleted 1977
EOC

-

BD/EOC-1A 5 o Early E Interaction Ch pleted 1978
o Blowdown + Refill

Sa o Inproved Sinulation In syess -
o Small Break early 1980

BD/IIC-1B o Blowtbwn + Reflood o Several Design
Alternatives
Identified

o C%mplete Integral
o Non-IOCA Options

BD/Ecc-2 o Separate Effects ECC May Be Eliminated
'Ibsts at High Tenperature

o Alternate Power Profile

Non Jet Ptmp o BD/ECC Phencuena in Non May Be Eliminated
Jet Pu::p Cbnfiguration

1,10 2, ' } b-
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FIGURE 2..
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FZGURE 5*

COMPARIS0N OF SYSTEM PRESSURE RESPONSES BETWEEN
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FIGURE 6
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