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GENERAL ELECTRIC COMPANY,175 CURTNER AVE.. SAN JOSE. CALIFORNIA 95125

MFN-198-79MC 682, (408) 925-5722

July 31, 1979

U. S. Nuclear Regulatory Commission
Division of Systems Safety
Office of Nuclear Reactor Regulation
Washington, D. C. 20555

Attention: Frank Schroeder, Acting Director
Division of Systems Safety

Gentlemen:

SUBJECT: ADDITIONAL TLTA INFORMATION

Reference: 1) G. G. Sherwood letter to Frank Schroeder, dated
6/15/79, "Two Loop Test Apparatus (TLTA) Results"

2) R. H. Buchholz letter to Frank Schroeder, c'ted
7/13/79, "Leibnitz Rule in LOCA Models"

Attached herein is the additional TLTA information requestad by NRC
during the May 24, 1979 meeting and committed by General Electric in
Reference 1. Also included are additional model comparisons as requested
by the NRC staff. The requested information is provided in eight attach-
ments which are summarized below for your convenience.

1. A Writeup to Succort the May 24 Slides

Attachment 1 is a summary of the May 24 meeting slides which presented
the results of the recent TLTA tests. The relevant phenomena
controlling the TLTA tiermal hydraulic and bundle heatup response
are identified and discussed. Comparisons of test results with and
without Emergency Core Cooling (ECC) injection and a summary of the
peak and low bundle power tests are also provided.

2. Steam Seoarator AP and Break Flow Discussion 519 147
Attachment 2 presents the results from the mass and energy balance
obtained from the TLTA data for the tests with and without ECC
injection. These results clearly show that for the test with ECC
injection, more liquid was entrained out the break and the bulk
discharged fluid cualitj was clearly Icwer. It is further concluded
that fluid conditions discharged from the break led to the differences
in depressurization rate observed between the two tests. Attachment 3 x

The 4 4d \
prov' - analysis of the steam separator pressure drop data. g
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preliminary evaluation of the separator AP suggested that the steam
flow through the separator was lower for the test with ECC injected.
Results froa Attachment 2 are utilized in Attachment 3 to further
substantiate that the flow through the separator was indeed lower.
Additional analysis to incluoe the possible effects of liquid
entrainmeni, out the separator are also included to demonstrate that
the conclusions remain unchanged.

3. TLTA Scaling Discussion

Attachment 4 sunmarizes the TLTA scaling basis and supporting
analysis. It is demonstrated that the relevant BWR LOCA thern.al
hydraulic phenomena can be evaluated in the TLTA.

4. Vaporization Data Base

Attachment 5 provides further explanation of the facility and
method used for the 1974 test which provided the data base for the
vaporization correlation. Based on the recent results and data
interpretation from the TLTA, it is concluded that the facility and
system conditions in TLTA are similar to those of the 1974 vapori-
zation tests.

5. Side Entry Orifice CCFL

Attachment 6 describes the conservatism resulting from not including
Side Entry Orifice (SEO) Counter Current Flow Limiting (CCFL) in
the General Electric evaluation model. It states that inclusion of
SE0 CCFL would result in core uncovery delay and ear'ier reflooding
which would result in improved heat transfer and lower PCT's.

6. The Grid Soacer Water Accumulation

Attachment 7 provides a discussion of the CCFL characteristics
across a bundle. It is concluded that, while there is a potential
for water accumulation to exist momentarily when there is a sudden
reduction in the bundle inlet flow (e.g., during the flow coastdown
period or lower plenum flashing period), accumulation will not
occur during t'a reflood period.

7. Justification of Conservatism of the Heat Transfer Coef.icients
Used in SAFE

The information provided in Attachment 6 demonstrates that the heat
transfer coefficients used in the SAFE Computer Program between the
nucleate boiling to the core spray cooling regimes are the appropriate

- values.

Si9 148



,

.

G EN ER AL ($ ELECTRIC
U. S. Nuclear Regulatory Commission
July 31, 1979
Page 3

8. Discussion of Plant Choice For Leibnitz Rule Study

Response to this item was forwarded under separate cover by Reference 2.

9. Additional Evaluation of Model Comoarisons

Attachment 8 provides additional evaluation model comparisons of
the TLTA tests with and without ECC injection. The comparisons
show that the system is calculated to blowdown faster than measured
due primarily to an overestimation of the break flow during the
early period of the transient.

The information arovided here closes out all the TL" , commitments .'ade

in Reference 1 and during discussions with the NRC staff. If further
clarification is required, please contact R. N. Woldstad at (408) 925-2539
or L. F. Rodriguez at (408) 92c-2460.

Very truly yours,

9/64/$ L &
R. H. Buchholz, Manager
BWR Systems Licensing
Safety and Licensing Operation

RHB:gmm/421-423

Attachments

cc: L. S. Gifford (Bethesda)
L. Phillips (NRC)

__
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ATTACHMENT 1

SUMMARY OF TLTA TE5T WITH ECC INJECTION

_.
JULY 1979''

1. INTRCCCCTICN

The BD/ECC-1A phase of the BD/ECC Program was intended to obtain infcI=ation
I

en the effect of ECC injecticn en EWR system responses. The original test plan
2identified a matrix of 20 tests. Six of these tests were elected by the PMG

(Program Management Group) to scope the cuteczne cf the test series.

Four = atrix tests plus a repeat of %e reference test without ECO injection

were completed by Septenber 1978. Preliminary results were presented to the
program sponsors and the NRC staff in the ensuing months. Detailed results,
interpretations, and conclusions frem these tests were presented to the PMG
in March 1979*and to the NRC staff in May 1979. This report su=varires the

material previously presented.

The report is organired in three sectens. The first section st==arizes
the scenario of the reference tests (average bun <1le power, average ECO injectien) .

The next section su marizes the differences between tests with and withcut ECC. .

The last section s e m izes highlights of other tests.

519 150

J. C. Wood, A. F. Morrisen, "3WR 31cwdown/ Emerge icy Core OcCling Program -I

64-Red Sundle Ocre Spray Interaction (30/ECC-1A) Test Plan", GEAP-hTREG-21638 A,
Fecruary 1978.

Contract No. AT(39-24)-0215, "3WR 20/ECC Program M 4.~.y-Ninth Monthly Repert",2

March 1978, Repcrt en 6th PMG Meeting, March 28 29, 1978, at San Jose, Calif.
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2. SCIL 7aIO DESCRIPTICN CF ESPCt3ES

Systen respcnses are dircussed in this section. e.e cxnfigura'h
of the test aptus is highlighted first. Cbnt::ol] i par:rneters that
areigesed cn each test are cutlined. The reference test (6406/R:n 1) scerario-

is described with the aid of a series of cualitative sketches referred to
as " snap shots". Detailed qcantitative measuw.ts are presented to
substantiate the descripticns.

a. TL""4 C:mficuration

2.e tv.-locp test apparatus ccnfiguraticn 65 (TLTA-5) was used

to c=nduct the BD/ECC-1A tests. Dehiln of TL3 can re found in the
Descripticn Peport I. A schcratic diagr:rn is presented in Figure 1;
elimt features of TL n-5 are:

. e Integral sys*m

- e Full size btrdle
.

e Full power

e Pretetypical pressure anc terperature

e KCS

b. Cbntrolled Parreters

Centrolled paramerers refer. to these qmtities whcse transient
respenses are designed and centrolled to be similar to these muiicted
for a reacter ccnnter;. art. Incitried and sLc.wn in Figure 2 are:
Bundle pcwer, steamline ficw, ECC injecticn flew characteristics, and
drive prp coastiv.,

iF1Sir17 1 ,> I

%. J. Iet2 ring, editor, "SE 31cwdckn/Ecrcency Ccre Cccling Progr:ra
Prelirdnary Facility Cescription Papert for the ED/~iCC-1A Test Phase",
GEAP-23592, Cectrher 1977.
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' te buMle pwer, ECC pr:p rated ficw ecoditicns and the taperature of the
EC mter are parannters in the BD/ECC-1A test. Tahle 1 shows the variation of

parareters in the ratdx tests.

'Ibe sMam line flow (Figure 2a) is uiL2viled during tests, by the response
of the pressure control valve. 'Ihis valve closes and opens in resp:nse to the

_

vessel pressure. The set pint for the valve was 1050 psi. 2 e valve cicscd
ccr:pletely at N12 sec. fcr the reference test (Figure 2a) .

2e HK5De E injections in the reference test are shcun in Figure 2b.
was activated at 27* sec.; injection begins iWintely. S e LPC5 and I2CI w re
activated at 37* sec.; actual flow begins at 76 sec. for IPCS and 88 sec. for

2

Both the tinings aM t~e ES p=p operating characteristics wre desigedIPCI.

to s1rulate the chaeristics of the Eh2 KC5.

De hundle p:ser transient is shc%n in Figure 2c. B e pcwer supplied to
the lxT. sile was sw.mu to sin.tlate the stored heat and fission decay heat-

(based en M;S + 20%) cf a Eh3 tundle. 2e capnhility of the mechanim1 wiauller
had limited the close sirulatien to cnly 50 w -Ms. Beycnd that tire, the

pwer supply was held cons' ant. It Ws increasingly higher than tM #Mim
W,ted frca M;S + 20% reaching N1.8 tires the NE value at thedecay heat <

end of the test (%300 sec.) . A detailai discussion of the tuadle p:wer supply
3has been 2er.u.ad prev 1cusly .

Coastdom cf the intact lccp drive pq tegins Miately in resp:nse to
the loss of pcwer (Figure id).. The resiense of prp ceastdcwn is grened by
the inertia of the rotating w wents. Be inertia cf the test prp has been
designed to sirulate that of the Eh3 counterpart.

c. Scenar:0 of Peference % st

5i9 152
(1) Early Pes:enses

te respcr.ses fran ED/E-1A tests, before HPCS injection at 27 sec. ,

C. G. Hayes, "Eh2 Blcwicun/Ehergency Q:re Cocling Progrs= - ECI' Systen n' %-2

tien and Perfc =ance Verificatien", NEDG-21956, July 1978.
Transmittal, G. W. Burnette (GE) to E. L. F''-en (N?C) and M. Merilo (EPRI) ,3

Cont.rac~ No. IGC-04-76-215, Infocal .'tnthly Progress Pegert for January 1979.
*XII: The ti.n delay of 27 sec. for HPCS and 37 sec. fer LPCS is designed to
sirulate the startup of diesel generator and cpening of valves.
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. are similar to those of the prev 1cus, 8x8 EmT tests (with no EE) . 'Ihe
early resp:nses are governed by the liquid leml in the dowra.us regicn
(Figure 3a) . 'Ihis level reaches the jet pu=p sucticn plane at 7.6 sec.
and the recirculatien line sucticn inlet at about 10.5 secx:nds (Figure 3a) .

% bundle inlet flow drops in Immnse to the less of jet p=p flow
in the broken Icep, it then coasts down (Figure 3b) following the drive
prp (Figure 2d) . @a f1cw reacnes a near zero value when the jet p-T
secticn is unccvered at %7.6 sec. 'Ihe ficw stm. ge associated with lewr
plenum Mnhing occurs at %11.8 secant's shcrtly af+~er recirculaticn line
sucticn uncevery.

to systea depressurizatien rate increases after the recirculatica lire

sucticn unccvery (Figure 3c) due to the increased volumetric discharge that
acccr:plish this transition frcra predcrinantly liquid to vapor blcwdcwrt.

(2) " Snap Skts" Presentaticn

A series of pictcrial depicticns - snap shots - of the systes at selected
instants of the transient is presented in Figure 4. Wase snap shots
cx:nvey an overview c'f the therrnl-hydrmi% resp::nses of the TLTA sequen-
taally. 'Ibey show the qualitative characterization of the condir.icns in
the systan and are backed up with detailed, quantitative plcts as a%wiate.

'Ibe first snap shot (Figure 4a) depicts tM systen conditicns at the
onset of HPC3 injecticn which ermrs at %27 seccnds sh::rtly after IPF
(lcwer plenum M ehing) . 'Ihis instant is a demarcaticn of difference in
Ecundary ccnditicns betwen tests with and without ECC3. SubtanH'1 nuss

irrtentcry is seen in tM upper plenum >(see also Figure 5: for detail) . This
inventcry was transferred there as a result of IPF which redistributes fluid

frem the lcuer plenrn to the core and the upper plenum. An appamnt cen-
tinuum of ligaid (or tm-phase mixture) keeps tM tundle in nucleate toiling
(see also Figure 7 for thernal respense details) . Lj } C) ] ij }

As the blewdcsn preceeds and rass inventory centinues to deplete f cm
the Icser plenun, tM receeding tm-phase level reaches the jet pq exit
plane at %34 seccnds as srcsn in Figarc 5. ne flashing icser plenum fluid
discharges with increasing vap:r fracticn thrcugh the jet prps. Sa void
fractica in the jet ptrp ircreases, reducing the hydrostatic head and
therefere tM pressure difference across the jet purp. Accordingly, the

1-J
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ha.tre drop ac= css the brxile path, stuch is in parallel with tha jet
~

pu::p path, also decreases, mis decreased pressure difference redeces the
vapor up flow and correspcndimly the hold upefliquid, due tc'm, within
the b.:ndle. te liquid ccntinutnwithin the hrdle is no Imger sus +M,

and tha level d.n:ps belcw the bottcra of heated length (EEL) at s40 e%
(Figure 4b and also Figure 5 for detail) .

At 40 seconds (Figure 4b), the brxile is filled by a vapcr continuum in
pIr.ce of the liquid continutra. Heater rods begin to drymt ard balk heat-up
emms (see Figure 7 A and 7B). By' centrast, the upter plenum
inventory remains essentially unchanged during this pericd: HPCS replenishes
the loss while a prevents ccuplete draining into bmdle or bypass.

Be vapor ficw at tM top of the h:ndle d:.minishes with the reducticn

in vapor upflew fmn the lower plenum threigh the h:ndle. Another contribat-
ing facter is the reduction in h t transfer that eu r a nies the loss of.

the liquid centinut:n.

Be m carditicns at the upcer tieplate shift in respcnm to Inh

va;cr ficw frcra the brdle. Accordingly, an increased a: cunt of liquid
drains into the brxile (Figure 4c), and a few of the previously dried-cut
rods are seen to rewet. During this period (%64 seconds), rewetting is
limited to the upper partien of the brdle.

IPCS injecticn begins at %76 seconds. On injection rate increases
towards the rated ficw as the systan prersure decreases. S e upper plenin
ime_uay is maintained by this IPCS rass influx in conjunction with that
of HPCS. S e vap r upfi m frcm the lcwer plenum, in the acantime, diminishes
as the rate of systen depressurizaticn decreases. The liquid downficw at
the upper tieplate 2ncreases as the E corriiticns shift at s90 seccnds

(Figure 4). Fe.etti:q of prev 1cusly dried-mt th , weple lccaticns are
seen at the lettcm as well as the upper part of the hrdle.

519 154
Also at N90 seconds, LPCI begins to flow into the byr.asr regicn in

increasing anaunt (until rated ficw has been reached) . The net varer outflew
fmn this regicn decznm as the influx of subecoled ECC water ccrdenses
scre of the steam. S e m condition at the bypass cutlet shifts to allcw

the liquid in the upper plentra to drain acre rapidly into the bypss . mien
(Figures 4e and 8) . More fluid is new in the bypass regicn and less in the
upper plent:m. The hylrcstatic head is, therafere, increased in the byr. ass
relative to the upper plent:n. Therefore, acre vapor flcus thrcugh the ht:ndle 1:ntL

l-5
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the promnu drop across the h:ndle equalizes the hydrostatic head in the
bypass regicn. te incrmwa va;cr upficw cxxitrih:tes to an increase in

h:ndle heat transfer which results in a de in the hilk Mata:p rate

at N105 erds (Figures 7A and 7B).
,:.

As tM bypass c ;icn is being filled, are liquid drainc into the guide
ti e and, alte:=atively, into the icwcr plentzn. 2e mixtu::e level in the

lowr ple.nzn rises. Eis level rises staMily and at a fast 2r rate after
the guide t: e is cxrpletely full. 2e jet prp exit becxres scaled by

the rising mixture level at N150 secrnds (Figure 4f) . As the mixture fills
the jet pr:p, the hydrost'itic head and hence the pressure drop ac=ess the
jet p=p incrmvs. 2e pressure d:cp across the h:ndle increases corres-
g:ndingly with ircreased vascr ficw frcm the lowr plenu:n. 2e incrm ed
va;cr ficw centr 1h:tes to a further increase in bulk heat transfer that

results in the decrease in h:ndle heat-up rate noted in Figure 7A & 7B at s150
seconds.

.

2e bundle begins to ref1ced as the lower plenun level c=ntinues to
rise at a nere rapid pace after the bypass region has hmm full (Figure
4g) . 2e r=#1W3g of the b:rdle results in rapid quenching belcw the
mixture level (see Figure 7A and 78). Se extent of the bundle reflood
is limited to the he@ corres;crding to the jet pu::p suction plane (see

Ficure 8 for Mditicnal details) .- 2e mixture level reaches its heicht limit
at N220 seconds. 2e systs is traintained at quasi-s+2ady s* ate f::r the
talance of the test which ends at N300 secords.

d. Detailed Fescenses

te det,11= cf responses shcsn in Figures 5 to 8 were the bases fztre which

the scenario fer the reference test was constructed. Certain de* mils in these .

figures have teen cited in the preceer'ing discussicn. A3ditien cbservaticns
are dirussed here.

g ,l 1n
4 , r-

J ]3'

Se tw-phase mixture levels (Figure 5) are based en differential pressure
rean:rments as mil as cerductivity pretes. Se icwer plenum level reaches
the jet prp exit plane at atcut 34 seccrds. This level re ains there, at the
jet p=p exit plane, until it rises later when the Icsur plenum refills (Figure 3) -

1-6
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na level is maints.tmd at the jet pucp exit tmtil the bypass fills. On jet
.

pxp ficw path height plays a unjar role in systm res;x:nses as wil.1 he dis-
cussed later (Secticn 3) .

Plots of nodal density (Figure 6) provata infrmmticn cn systcm inventcry
distrih: tion. We ncdal density of the h sted length is seen to be highly
voided after 40 seconds. Cnly the rode te? w the heated length, thde 21, and
the top ncde 'ahich includes the tger tieplate and part of the im plem:n,

It:de 31, shw any sign 4#4r nt licuid inventc17

519 156
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3. CIMPAIUSCN CF TEiTS WIT 4MITHCUI ECC

C%rpariscns of data fmn average-comr tests with aM withcct ECC are'

mx*e in this secticn. Data fran Test 6406/R1 (average Ecstr, awrage IrC)

will be co-M with those fmn Test 6406/R3 and/or 'Ibst 6007/R26
(average puer, no IIr) .

'Ibe systen depressuri:sticn rate is seen to be loer for the test with
FCC after apprcximately 65 seccnds (Figure 9) . 'Ibe cause of this difference
is discussni at length in Attac!=en' 2. In essence, the attachment strws

that the flow anirating fmn the lower plenu:n for the test with ECC has a
higher moisture centent as well as a higher discParge rate through the
jet prp. The catined effect is a sequential reducticn of volumetric
ficw t!uctr;h, first, the drive /bicwdcwn line and then the suc+M-ichn
line. Slower depressuri:sticn results fran these icwer voltnetric flows

)throust the breaks.

i te systan mss inventcry is higter, as ewd, for the test with EEC.

In the upper plenu:n (Figure 10a), the fluid is pavented fmn cxrpletely
draining due to CITL at the upper tieplate. In the test withcut ECC, the
inventorf there depletes steadily as it ccntinues to flash thretL:hout
the transient. In the test with ICC, the ccre spraf maintains the
inventerf until ~100 seccnds. At that time, the LPCI has taken effect
in the bypass regicn to reduce the vapor up flN and therefore allcus
the t=per plentra fluid to drain into the regicn (see also Section 2) . The ECC
injection rate is given in Figure 10d.

Be bundle rass inventeries for the two tests are vir' n11y the

same (Figure 10b). In both tests, the bundle is filled with a vapcr

ccntinuurn after- 40 seconds. Se mss inventerf is derived fmn the
lxndle pressure d:cp measurcTr.ts which shcw nearly identical respcnses
fcr the tests withNithout ECC (see Figure 11) . Be transiticn fmn

liquid to vaper c:ntinutra is s!rwn to ccer between 34 to 40 seconds.
In the test with EEC, reflooding causes liquid acctr:ulation in the icwer
part of the bundle later in the transient (~ 200 seccnds) .

1-3
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Se icwer plenun nass for the test with ECC is mintained rather
constant frcra 35 seccnds to 120 seconds (Figure 10c) . Se fluid
discharged thnzgh the jet ptrp is h, lanced by the Irc fluid draining
frun the upper plenum. For the test withcut IrC, in ecntrast, the
mss inventory in the lower plenun depletes ccntintet. sly as the
fluid flashes off thrcughout the transic.nt.

Se bypass regian nass inventories fer the tm tests are sirilar
pricr to IPCI injection (Figure 10e) . FollcwtxJ the LPCI injection
(--90 seconds), the bypass regicn refills for the test with EXI. Bis
filling becane ucIn rapid as the ccre spray fluids drain fran the
upper plentrn.

Se gtude tube mass inventcries (Figure 10f) also shcw similar
respense. Discernible difference between the tests occirs when EEC
#1nM in the upper plemin begins (~75 seccnds) to drain into and
accmulate in the guide tube.

Se respenses in the guide tWe and especially the bypass regicn
are it.s Lant in understanding the rela +2d res; cree in the b.mdle. Bis
is because the bypass region and btndle are parallel paths ccnnectirs
the lower plenun to the upper plenun. 2e bypass regicn derninates the
hydt'n14r respcnse alcng the path since there is core mass inwnterf
there.

The two-phase levels at different regicns in TICA are shan in
Figure 12. Se level plots provide infcIraticn en fluid distributicn
alcng each ficw path and within each regicn. TPcf are deriwd frun
detailed differential pressure reasurtrents. Maast a ts fran

cnductivity prcoes (level pr2es) are also used as suppleentary
infor:raticn.

The upper plenun twc phase levels reflects the :rass inventories
shcun in Figure 10a. In the case with EEC, the mixture level holds 9 ;cc

'! tJ''up 1coger because of the core spray fluid.

The mixrure level in the bundle dIcps to the bottan of the heated
length at ~40 seccnds. The level remains belcw the heated length un*W.
later when the bundle reficels in the case with IEC.

t
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'Ihe 1cwer plentn mixdire level falls rather rapidly af'wr lower
plerun flashing, reaching the jet pep exit plane at~34 seccnds. The
level in the test with E lingers at this elevatien until it rises
later in the transient (-120 seccrds) . In centrast, the level fer the
test withcut E falls and holds mcrily at the exit plane the.n

falls telcw the jet ptrrp exit at 65 sectnds.

In the bypass regien, the levels for the two tests are ini*ially
similar. For the test with ECC, the level rises later (~98 seconds)
as the LPCI ficws and the spray fluid drains into tM regien. Similarly,

.the level in the guide tube rises later for the case with ICC.

As a ecnsequence cf the difference in hydran1m respenses for the
two tests, the the=al respcnses are also different. In the 'ast

withcut IEC, bundle rewetting and heat-up rate reducticn are not
etsermd.

The theral respr.ses fcr the two ts.sts are cr# in Figure 13.
The icwer part of the bundle (Figure 13a) is cooler in the test withcut
III for the first-100 seconds. This is censistent with an earlier
cbservaticn (Figure 12) that the Mau 1ewl stays icnger there for
that test.

.

Fespenses frcrc the upper part of the bundle (Figure 13b) provide
eviden of irpreveci heat transfer with Err. A ts ;nrature difference
of 375'F is m at~150 sear.ds bermen the tests at 90" elevaticn -
locaticn of the peak clmMing terperature for the test without ECC.

.

3'9 i59
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4. HIGLIGITS CF SIGCFICANT Dmm;CES CF OTHER TESIS WITH III DUECTIO1

a. Averace Power, Im EEC Test (6405/Run 3)

Respcnses frcza this test are, in gemral, similar to tirse frczn the
refe.w test as can be seen fran Figure 14. f.e systran pressure of
the two tests with III starts deviating frczn that of the test without
III at-65 secxxis. 'Ibe difference, as has been mentioned in Secticn
3, is due to higher liquid ccntent in the break flew through the drive /
b1chn line. The difference at-100 secrnds betwen the tw tests
with ErC is due to the same effect, i.e., difference in liquid ccntent

in the break ficw thaur,h the suction /bicudcun line. Da lower Erc
ficw results in lower liquid fractica in the dcuncrrner regicn at that
tinu.

'Ihe 1mer EEC injecticn also causes a sicwer systen refill as
expected. Newrthelcss, the responses and phencrena cbserved are
simi.lar. De cwrall theral respense of the burdle shcus that less
ECC fluid results in higher'chMakg tewatm at the peak pser

plane (Figure 15) .

b. Peak Pcuer, Im Flw and High Terrerature EEC Test (6414/Run 3)

We paraceters fer this test were intentierally chesas to provide
an upper totnd,burdle heat-up respense. The ErC system was degraded
to have icw ficw, high terperature for the test crnducted with peak
bundle pcwer (6.49 rw). Nevertheless, the system respcnse f=rn this
test is cemble with that frczn the averace pcuer, average EIr test.
The hydraulic aspcnse of the bundle for the peak pcser test is
similar to that of the average pcuer as shc5n by the ccr:pariscn of
pressure drco across the hundle (Figure 16) . Because of the higher
burdle pcwer, the terperature res;cnse of the bundles is different,
as can be seen .f=In Figure 15. It is seen that the peak pcser

tendle has higher tcrierature as cwaxi. A *sperature difference
of ~450*F is cbserved at ~170 seccnds when the peak peer "JLSt

was te=irsted.

>tY 160
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c. Ioa Power, High ECr Test (6401/Pm 4)

The goal of this icw pcwer (1.62 nw), high spray flow test was to
cbts.in a data base of systen respcnse with pahalar eghc_ sis en drairdng

''of the upper piemn through a periplxtM-scwer h:ndle. Significant
differenms of hydraulic responses are seen in this test as cmd

' with the reference test. The differences a:e:

e more liquid drains into the bundle due to the ecmbined effect of higher

spray flow and lower bundle power,

o CCFL at side entry orifice holds up liquid in the bundle throughout the

test,

0e the bundle is kept well cooled (below 600 F) throughout the transient

(Figure 15) due to the liquid holdup, and

e Subcooling of upper plenum fluid leads to a significant increase of

liquid down flow into the bundle.

7 { 'l )b
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-TABLE 1. TEST PARAMETERS FOR ED/ECC 1A TESTS

=

ECC FLOW VARIATION TESTSe

IE[T NO. POWER ECCS FLOW ECC TEMPERATURE
.

$

G007/26+ 5.05 MW NO

6405/3 5.05 MW LOW ~120*F

6406/1* 5.05 MW AVE $120*F

+ REPEATED AS 6406/3
*

RFFERENCE TEST

e POWER VARIATION TESTS

IEST NO. POWER ECCS FLOW ECC TEMPER ^T.EE

6401/4 1,62 MW HIGH ~120*F

6414/3 6.49 MW LOW s200*F

Si9 I621- u
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ATTACHMENT 2*

TLTA BREAK FLOW STUDY*

July 1979

IN50Du.nCH

Ctz::parisens of the ncdal two-phase fluid ccndi* ins in tM TLTA tqweam of
the break planes (both secticn and drive lines) indicated a substantial difference
in density ::etween rxrdnal m tests with and witMut ECC injecticn (Figure 1) .
'Ihis Figure shcws that the fluid desity upstream frcra the break planes was
higher for the test with ECC injecticn after apsetely 60 secmds. Mdition-
ally, it is cbserved tMt the fluid in the lower plenum and jet pugs follows
the sare incrowing density trend while the test without KC injecticn indicates
a decroning density trend thrt:ughcut the transient. Fluh_r interpretaticn of
Figure 1 las to the preliminary alusion tMt the break soltretric flux wns
lcwer for the test with ECC injecticn. It w1s trstulated that this density
change was resp:nsible for a -wding deviation of the break plane quality
and ultimately, the total system pressure resg:nse.

Thrtugh further analyses and suggu. Ling mimi'ticas, substantiation of the
break ficw crpisens and the effect en system b1cwtL,wn resi:ensa are wh
herein. L*r differences in 'maak nnss ficw rate and break quality were found
to be resp:nsible for devianc.;s in system depressurizatien respense for tests
with and withcut ECC.

ANALYSIS

O ]P7d"
. /

Break Flcw Data

A total system Irass h=1r.ce was used to derive the rass rate of change frcm
which tM break ficw rate was dete=ined. Figure 2 sh:ws tM break ficw ccrparisen
between the tw tests. It is i:rscrtant to ncte that beycnd apprcxirately 60 seccnds,

2-1



PIGURE 1: BREAK FLOW DENSITY COMPARISON
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Page 4
,

tNre is a ccredarnble diffe.rerx:e in the break flow rates and that the test
with E injecticn irv imtes substantially higher break flows wh.:.ch is censistenta

with the higher liquid density shown in Figure 1. The urx:ertainty mrgin exhibited
in this Figure represents the experimental u :certai. f of the data. The deviancec
between the tw cum;es gives further iniication of a 1cr.er break quality and
volumetric flux for the test with E injecdon.

Ai'itional experimental substantisticn of these differences in break quality

is obtained frun tM ccrparisen of the density 'vments taken frtxn the
annulus regicn upstrean of the sucden line break (Figure 1) . As a lower inrid-
ing approximation, this density can te septa. into a coll'&'a liquid levela

in the ralal regicn. Ibr the test with Irc injecticn, the collapsed mixture

level pa.6y covers the break exit area throughcut the trEnsient while the

test without E injection ird2 cates an alrcst Dan-existent collapsed mem

leml. Such a ccraparisen de:enstrates that there is little or no potential fcr

liquid entrainment cut the breth for the test withcut ECC injection.

Derivaticn of Break Flcw Cuality

By util Hation of the continuity and energy h, lances in ajuncticn with
a simple centrol volure, the rate of systen pressure change may be detamined.
2.e technique for de+W' ling this value is outlined in Figure 3.

As a first apprcximticn, the total heat transfer to the systen can be
estirated as the sum cf the bundle im.:t gewer and storcd heat frczn the vessel
walls. Previcus analyses (Reference 1) were M to amirate the ! red

heat centributicn. The values of C and X were then varied omr a reascnableo
range to cptimire the calculaticn of systen pressure respense.

Ca derived treak flow quality which best matched the depressurizaticn data
is sh:wn in Figure 4 for the tests with and withcut IEC. The urxxth.ty hand
indicates the variaticn in break quality for a range of +251 cf the assumed heat
input, Q.

?.is calculaticn clearly indicates a subs +mtial a4 ##erence in break qdty
between the two tests. The icwer quality obser nl in the test with ECC injecticn
uv imtes a decreased 'mit=ctric flux exiting threugh he hk, th2s diminishirgi

2_.1 s]9 185
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FIGURE 3: COMPUTATIONAL SCHEMATIC
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FIGURE 4: COMPARISON OF COMPUTED BREAK QUALITY
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Page 7

tM rate of depressuri:: aux.. 'Ihe results of this m1mlaticn are censistent
with both the Ecstulated ard enxtrimental justifications p:cposed to dete=:nm
the cause of the depressurization rate d m g cf between the em tests.

COXH:SIQs

By pu.a u.dng a mss M1ance en the 'ILTA systs, it has been shown that
the break ficw rate for the test with K C injection was clearly higher during
the KC period of the transient due to liqu2d acetz:ulation in the vicinity of
the break.

An independent mss and energy blance analysis en a single representation
of the TLTA further sutstantiates the incmad ficw cbseM for the test with
K C injection. In addition, the break quality is shn to be substanHally lower
for the test with E beycnd about' 50 secords.

'Ihe cx2 ir.ed effect of higher break ficw rate, Icser break quality, ard
correspcnding lower volumetric break ficw are res;cnsible for the differences
in depressurizaticn rates het e n the tests with and without ECC.

m:.t wX25

1. GEhP-23592, EG Bicadcun/?kergency Core Cooling Program Prelidncrj Facility

Description Erport for the 3D/ECC-lA Test Rase, H. J. Ietrring, Dece er 1977.
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ATTACHMENT 3

EVALUATION OF TLTA S1?ARATOR
_

PRESSURE DROP

July 1979

DERIOCTICN

Prolanary analysis of the steam sepanter pressure d:cp, shown in Figure 1,
qualitatively indicated that the net core regien stea:n flow rate vas lower for
the average pcwer test with KC injection wirn ampared to an identical test

without KC cooling. 'Ihis lower flow was pcstulated to result frun the effect0
of condensation caused by the subccoled ECC injection. Further data analysis
en the separator have heen pfun.ui to substantiate the mns flow rate trends

defined prev 1cusly arxi are diwW herein.

A nnss and energy balance has been perfc,M cn i.m TCIA by utilizaticn of
the data and a sirple blowd.cWn analysis (see the TLTA Break Flow Study for
discussicn) . By ini*bli?nticn of the calculaticn with the experirental data,

and further u+ilimiry the nm,x! unss Enlance (i.e., break flow) , the heat

addition to the fluid and the break quality were varied until the nea.sured sp

pressure response was matched. As a result, the net systen vapor generaticn
rate has also teen dete=nined. Q:nclusicns fran this analysis, and f:an an
independent ficw analysis of the separater pressure drep, are ut'liced to
demmte that the differences in net vapor flow fmn the core regicn supscrt

the earlier preliminary c=nclusicns.
.

N2dIYSIS

'Ihe total pressure crcp across the separator is m wsed of the sun of the

irreversible lesses and the elevatica head. 'Ihis nny he expressed as:

2tal i.m mible + elevaticn
*

losses head . o7 l </ /,

J-1 *
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Asstru.ng zero liquid entrairment in the stean ficw thzmgh the separator
(exaninaticn of this asm@ is presentM below) yields:

.

2M& =L
irreversible 2 o9losses c

1APelevation = ph gc

te irreversable loss coefficist, K, can be chtained fran the ficw 9%.my

of the separatcr as shcwn in Figure 2. 2e flow path has been 4 deli-M as a

series of abn:pt flow area changes which ccatritnte to the fc=a losses (i.e.,
entrance, exit, area restricticns) in addition to other fric*h losses of the

L
hfg. Based cn the resistance shcm and asst ning fully devr31cped turtulent
flow, the total loss coefficient was m1mila+~1 to be 5.03. Results frcm ci-ila-
full sired Prator tests (Pef.1 and 2) verify that the m1mlated loss crefficient

was found to be within 10% of the experimental value.

Bus, the irreversible 1csses may be expressed as:

M
irre/ersible " 2 o

*

losses 9c

Utili2. irs the m1mlated net systan vapcrizatica rate and the aheve e atim,s
a reasonable estimate cf the irrtemrsible pressure 1csses may be obtained. te
total predicted segater pressure drop is then dete=nined by st=mirq the irreve -
mbla losses with the elevaticn head.

Figure 3 shows the ctrparism hetmen the m'mlated and experirental presaire

lesses based cn the aa:ve asstrpticns. S e calculated s is seen to clcsely follow

the sate trenis and magnitudes as the data. Sese ccrgsens confi=n that the

measural pressure drcp across the separatcrprovides reascnable apprc:cmaticn of
the mass ficw rate thrcugh the separater.

H."mDIE'r SCSITr/rIY SILUI

te a ensitivity cf the separater pressure dg to liquid entrai.mt was

investigated in crder to assess the assgen cf ze c liquid endmt. Se

3-3
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FIGURE 2: TLTA STEAM SEPARATOR
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results (presented in Figures 4 and 5) irdimte t!ut the maxinun unss ficw rate
and irreversible pressure drtp cecur with zero entrairrmt.

'Ihe i.mmible losses shown in Figure 4 were determined frcm subtraction
of tre irplicd eleraticn head frcm the mi m experimental pressure drrp. It

is smn frun Figure 4 that the total scparator pressure drtp wculd cqual the
eleraticn head at a void fracticn of 0.96. 'Ihus, this coueds to the m'v4mn

entrdret stuch could flow cut of the equator fer the pressure ccoditicn measured.

alm 1.,ticns of the deparator mass flow rate based en the inplied irreversible
It is 1 mwit to note that the muinum flowpressure drcp are slown in Figure 5. %

rate sulld cccur with zero entraurmt. 'Ihe ccrpariscn of scparator pressure drop
in Figure 1 suggests that the mass flow rate through the separatcr was lcw:r for
tin test with Irc injecticn. 'Ihe results stown in Figure 5 udimte tlut the

reparator flow rate was even lower fer the E injec+.icn case (ncst 11kely to hra
entrairrnent) than that determined by assuning zero entrairrnent (Figure 3) . 'Iberefore,
the possible presence of ligaid entraiment d s rot change the cenclusien the u 4.s
tw flcMxi thicugh the s(para'er fcr th3 test with ECC than for the test without
ET.

CCNCIESICU

'Ihe above study further substNtiates that the measured pressure drcp acrcss
the steam separatcr in the TIIIA provides an adequate indication that the flow rate
through t?e sepantcr fcr tin test with ECC injection was lowr tha:1 for the test
without EEC.

unuec;S

1. 'rblf, S. , and > ben, R. H. , Mvances in Stcam-Water Separatcrs for Boi3 4ng
'rhter Reactors", ASME Paper No. 734G/Pc-4,1973.

2. Itx!irka, A. A. , ard Swan, C. L., "Per orrence of Prcducticn Steam Separators
far the 1967 Pr: duct Line", Doctruir 1969.
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FIGURE 4: EFFECT OF ENTRAINMP{LON
SEPARATOR PRESSURE DROP

C.15 "

T otAu AP
T

MA$ulLD
-

O.10 "
A
'O Y''- E ttvATIod NEAD, APg ggy,

L
v

~
~

0.05- - ' ~
'

g I.mpc1LO Iq139ttst%LE*
%

-p toasts , AP ,s.-

2
'

f .

, Fs Lag a: D

- Auaco-

o~ . ;, az .cs ." ~4s

gwna.

,

& 0-4
a s o.9 0

-o.cc -

AP + 69AP =
m eutto tutv. _m.

. c. ,0 . .

b)9 |933-7
_



.

4

.

FIGURE 5: EFFECT OF ENTRAINMENT ON

MASS FLOW RATE
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ATTACHMENT 4-

TLTA SCALING BASIS
.

"
.

-

r

.

B/C<GPCCfD

In the M the core regicn is sized to a m . h te cne full-size test
bundle and this candition for: nod the prinnry basis for the scaling of the
reminder of the test apparatus. Thus, in the context of the 624 nuclear fuel
burriles in the reference %W6-218, the scaling cbjective ms to scale the
volt =c, mss, energy and flow rates on s 1 to 624 ratio ampared to the reactor.
Cne-to-ane sm1ing of linear dimensions of the different regions and internal
arpments, except in the case of the bundle, ms fcurxl inpractical. The
consequences of the above w.gu.dse is the subject of this discussion.

A detailed description of the TLTA and a thorotx;h discussion of the scalirvf
basis and w gu.dses are presented in Reference 1. ther, for corpleteness

trre of the discussion fran Peference 1 is repeated herein.

2The original TLn (denoted TLn-1) ms built sevem1 years acp and was
originally <vmled to a hW4-218 plant. The test apparatus has undergone a
ntz er of redifications and scaling changes. The presert tnsis is a SW6 and
the test facility is denoted TLn-5.

JET R T

The scaling basis for the jet purps is to preserve an equivalent mass flux
bet'e n the %3 purps and the test purps with the scaled mass flow of 1/62.4
of the reactor jet pumps through the test jet pu ps. ihe above scaling factor

of 62.4 is a consegt.ence of 624 fuel bundles and 10 prps in each recirculaticn
loop of the test apparatus. This scaling factor would have reginred a 1/ 62.6
or 1B .9 scaling of the linear dimensions of height and diameter. The jet pups

2used in tha previcus BCHT program were designed on a 1M.5 linear scaling basis

4-1
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.

to represent a %W4 and resulted in a prp nuss flux and velocity of only 90%
of that in the reference mW6 p.rps. Since the jet punps in the TLn tuve Decn,

scaled down in height as well as in dLrnet1 ! the initial rrrentun in the TLG
jet prps are estiruted to to about 1/10th of that in the reference EP/6

-

Ctn-

sequently, the flow in the broken loop jet punp of the TLM is expected to
reverse nuch norn rapidly and earlier, and to allw the care flow to drop quicAcr-

Evaluation r*1
than for the reference mW6 under similar ciretrestances.
predictacn ccuparison in Figure 1 is indicative of this scaling w.em ise.

DOEmER

The TL3 downcrrer cross-secticnal area is not scaled with respect to the
On the other hand, the cbncccer cross-sectional area isreference reactor.

nude sufficiently large to lccate the jet pt=ps. mis scaling choice results
fin a larger downccrer area than a preperly scaled value ((624)l/3)

reactor chncmcr area and will result in too low a fluid velocity in the TLM.
In order to unintain the correct scaled fluid inventory in the downccrer, the

initial level is lower in the TLM than for the Ra.

The initial water level in the En arnalus and the jet ptrp height are
hm 21 the scaling of the corresponding reactor volumes, and this results
in a nuch 1cw2r elevation head above the Tin jet ptmp exit then the correspend-

The elevatica head in the tundle, however, ising value for the reference ER.
closely nutchai between the TLG and the reference &7 sirce the heater bundle

Under these circumstances, it is evpected that a larger fracticnis full length.

of the intact recirculation Icep ficw into the lemr plentrn will be divertM to
the broken loop jet ptmp path of the TL3 since the TLG reverse-flow path has
a lower elevaticn head. This muld result in a lcw2r core flow in the TLM up

This reducedto the ti e of the jet pump suction tmmry, as strun in Figure 2.
core flaw in the TLM, as crr;mxi to the reactor core flow would be ewed
to lead to a higher heatup, (i.e. , yield higher clnMing terreraturns) in the
TL3 heater bir.dle. Iicwxr, calculations of the peak heater rod teTerature
fer the cere-average bundle power indicate that the rods re ain well coolcd
througFcut the coastdcwn period and closely apcroxirate tht of the reference

This has later been ccnfined by the acttul reference pser tests (Testfuel bundle.
6406/Run 1) . The shcrt jet pumps are not exp&ted to int.h. any significant
w.ew ise for the average power hundle during the flow maeh pericd as

4-2
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.

neasured by the peak clad taperature. Cn the other hand, the early rapid core
ficw ceastdown, that results frcri the uneled inertia, is eoqxctcd to result

.

in an atypical core bestup recycnse for the peak power hundle. This is also
confinned by the peak power test results (Tust 6414) .

- s

SEPAFM OR .

The TLTA separator is designed sa that the nass flux rate in it nutches
the scaled reactor value. Cn this basis the separator pressure drop, mainly
duc to the expansion Erd contraction losses and the entrance swirler losses,
will be closely matched with that of the refe:ence BG.

The fluid inertia in the TLTA separatcr is low by a factor of etout 4 as
ccrgLd to that of the refererre BG W'uee of the separator's shorter
length . This muld tend to allcw the flow thmugh the separator and, hence,2

thrcugh the core to decrease faster than in the refererce SG. However, as
s.bn in Pcference 2, the core-flow during the coastdown will not Ec affected
as nuch as in the case of the shcrt jet pu::ps.

BCSDIE IfCAL RESTRICTICUS
.

The test bundle gecnetry has a one-tme similarity with the reference
reactcr hundle at the inlet, exit, ard along nest of its length. Howcwr, at
the entrance to the test bundle, the ficw path differs frcrn tFat of the ref arence
SG, as shown in Figure 3. There are also nuncr variations between the tw
tendles at the exit. These gecnutrical differences could contriinte to at nost
an additional 10% in the pressure drep across the inlet region of the test
burdle assebly ar ccrpared to a reactor assably, due prinnrily to the sudden
expansion and contraction in the lower electmde plate, flow path, as shcwn in
Figure 3. A large variaticn in the core inlet orifice was capirically shcun
to her/e a negligible effect on the core-ficw transient during the blowdesn
phase of a CBA . Urder the ECC mode these smil deviatiens in the local pressure2

dreps are of little significance sirce the m characteristics at the mininra
ficv path areas, viz. , the lxrdle inlet and outlet restricticns, dcrirate the
core-ficy transient, and the test hundle has m cPaweristic essen*ially'
the sane as the reference BG.

2004-4 .
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during tM bicu$own I ase since it has been shown, as reported in Beference 2,t

that a variaticn of +50% in the bypass flow area has a negligible effect cm
both the systen and bundle respanse.

.

IfWER PIE.U4 e
4

2e Wing of the 16wer plenun (IP) is an a voltre basis cnly. Bis
scaling basis leads to a short lower plentra, which is approximately 20% of the
height of the reference m'R lower plenun with a surface to voltre mtio several
times that of the reference E'R. D e effect of these two w.g s ises on the

core inlet flow, jet pump flow, and systen response is discussed below.

muer HEAT

During a blc6n transient, the vessel wall and internals are a source
of energy for stean generation in the wtted reglans of the TLn and the reference
%'R . Figure 5 cmpares the energy rates for the TLm during a typical blcwb.n
test. As seen in this figure, the energy transfer frun the vessel aM internals
can be significant late in the transient for a tire greater than 40 seconds.
During this period, the LP is the mjor contritutor of the vessel's energy to
the systen. The surface area of the Em's IP is approximately 5 times that of
the scalM value for the reference E'R. 'Ihis translates into appIcxinately
5 times the stcrM energy transfer frun the wall to the systen. We heat trans-
fer of the stored em rgy f n the 72 wall and internals to the fluid in a m'R/6
and the TLTA are w ed in Figure 6. Ebr this carparison the entire surface

area of the IP was assuned to be wil cooled tharughout a typical blcwk:wn
transient. A w. prison is also sMwn with a 3/16 inch (4.76 mn) thickness of
insulation on the TLTA wall. We installation of insulation on the inside
wall of the 'ILn's IP alleviates the non-scaled energy traa.sfer frun the wall
to the fluid in the IP over the entire ED/HI pericxi. 'Ihe use of a 3/16 inch
(4.76 :nn) thick layer of insulation was considered the :: cst practical in light
of the effectiveness and gecrotric constraints.

2. n 2us)|t/
Although these results shcw that the heat transfer rate 11 still be

slightly higher in the TL3's IP, this heat source is less than 10% of the energy
transfer rate frun the Endle, which is typically 200 *w 300 kW. Berefore,

L3
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the inclusion of this insulation material Ms achieved the desired effect of
minimizing energy transfer fran the stored heat source. Prelirunary analysis
of the first ED/DI-1A tests suggested tMt the insulation mtcrial was mt as
effective in nunimizing tM heat transfer from the walls of the lower plenun.
However, recent test evaluations and inspection fr nte that the insulationa

mterial"is apprcxirately 75% effective. -

!

LU Cni m uss

Volume scaling of the LP is sufficient for obtaining a real time response
during the early blodown pericd when the LP liquid is shled. Fran tne time-

i
I of flashing onward, the height of the LP can play a dcminant role in determining

the fluid inventory and unss-flow rate out of tM IP.

During the cnset of the LP f1M.ing surge, .e aajor driving force for the
fluid loss f rem the LP is the displaccrent of fluid by the steam being generated
within the liquid. The arrount of fluid displaced at any given time depends on
the difference in the quantity of stean generated within tM eo-phase mixture
and the arount leaving the two-phase mixture. The steam generated fran the
saturatcd liquid is due to depressurization and the heat transfer fran the metal
internals and vessel wall. 'Ihe buoyant force on the steam is its driving force.
'nus, the rate at which the vapor can leaw the system is governed by the
relative velocity of stcam rising within the two-phase mixture and the distance
the vaper nust travel. Since the LP of tM reference EE is nuch taller than
the LP in the TLTA, the tire it takes for the steam to leave the to-FMse
mixt. ire is nuch lcnger in the reference ER than in the 113. 'Itus, the refercrce

ER will have nore reass discharged out of its LP than the TLG durrig the initial
flashing surge.

A one-dirensional transient tnernal-hydraulics code which utilizes a drift-
flux nodel, was uscd to obtain an esti: rate of the differerce in the inventory
of an " ideally" se.aled m2 LP, i.e. , exact gecmetric scaling in mlune and
height, versus the actual TLTA LP. Ce fluid inventcry reraining in the LP
for teth cases is c r g ed in Figure 7. The mid distriLuticn in the LP at

;

| 20 seconds after the break, i.e. , apprcxi ately 8 seconds after LP flashing,

is shcun in Figure 8. 2.c shaded integral areas in Figure 8 - between 0 and
3.1 ft. for the TLn and steen 0 and 15 ft. for E7 - depict the liquid ~
fraction of the respective I2 inventories.

.s O b5tI9 /
-a. n -
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'Ibe liquid fraction gives an inam, tion of the fluid nuss in the IP. Ibr this

case the estimated difference in the liquid volume normlized by the IP's total

volume :S
'v ' V -

e '

= 0.67l- - 0.83 venus V
total TLTA total BWR/6V

.

*

'Ihis will lead to apprcxrcately 251 nore steam being generated in the IP of the -

TLTA due to depressurization than in the IP of the reference BWR subseget to~

the flashing surge. Therefore, the steam flow to the core inlet during post
IP flashing will be higher in the TLm tlun in tM reference &7. 'Ihis difference

is expe.cd to have an effect en the inventory in the burdle because steam inlet
flcw affects CCFLat the bundle inlet and exit. 'Ihc increased steam flow will
also have an effect on the bundle heat transfer because toth the tw>-pMse
nu.xture level and steam cooling above the mixture level are steam inflow depen-
dent. 'Ihis can lead to a difference in the real tine response and possibly in
the nugnitude of the respense, but it is not expc:rted to wuuise any
phencrena occ.urring within the core flow path.

During the post lcher plenum flashing (IPF) period, the effect of the jet
pump exit locaticns on the TL m internal flows was reevaluated. Ebr the 7x7
and 8x8 B W T tests, the jet pcap discharge or exit was located at the top of
the lower plenun, i.e., alcve the core inlet elevation. In constrast, the
reference m'R jet punp discharge is well below the core inlet. Ebliowing the
IPF surge the two-phase le.el drops into the lower plenun, unccm the jet purp
flow path in the TLTA, and results in an alternate flow path to vent the~stean.
Such venting of steam fran the lower plenum occurslater in the reference mR
with its jet pt=ps located nuch lower in the lower plentra and i:mersed in the
two-phase nixture. Steam due to flashing and stored heat could be diverted fran
the TLm core, and this : ray lead to an atypical core-flow respense later in the

transient.

In onier to preserve the phencrona of core inlet uncovery relative to jet
prp uncovery ard the subsequent systan response, the jet ptrp discharges are
extended into the 1cuar plenun of the TLTA. Because of the relatively short
TL31cuer plenun and the Icnn differences in void ard mass distribution tetwen
the TL3 and the reference BNR, no si:ple basis could be established, a priori,
to determine 9cw far to extend the jet pumps. The maxi:arn extension possible
is li:nited by the TL G auxiliary heaters. At this elevaticn the fluid volt =p
between jet grp exits and core inlet is scaled to about 1 to 624 of the

. ( . 8 3 . 67 ) _a_t3
67 Sl9 208-
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corresponding value in the reference EETt and so the maxinr1 ex+mion was chosen.
'Ihe recent test results have shcsn the irportance in the truwerf of the jet

Shortly after uncovery, the liquid continuum w!uch ms present in thepurp-
tmndie is lost and bilk heatup ms obcermd. Hence, it is crucial that the
location of the jet pump exits are scaled to assure that the timiry of this
event is.rm1iMc of a reactor behavior.

s

RECIFCLTATICN ILCP

i l 'hl eThe recirculation Iceps are designed on the basis that the !JSH aW
at the inlet to the recirculation loops tus sufficient min over the r@ed
?ESH. This results in larger recirculation lines and excess recirculatico loop
volunes. These are not expectcd to significantly affect the overall systen
res;cnse through lower plenum flashing. However, folicwing lower plenun flashing,
the excess volure in the recirculation loop (inNt side) is expected to have
a significant effect cn t% .w of the systan.

The calculations for the system resience were extended to tM time period

beyard lower ple:nrn flashing. The results of these calculations are illustrated
in Figures 9, 10 and 11. Precise scaling of the voluce in the intact recimala-
tion lcop results in a faster depressurization of the system than that in the
TLM-5, as seen in Figure 9. 'Ihis deviation in the resp:nse of the systan is a
result of two factors. First there is less total nass within the systan in the
case of scaled Icep, as shown in Figure 10, and, second, there is less two-
phase flow discMrging frcrn the scalcd recirculation loop line into the annulus
and out through the break. This is represented by tM slight difference in the
calculated annulus muss in the Ecst IEF pericd, as sh>n in Figure 11. As a
result of this cmative study, it was decidcd to isolate the unscaled portion
of the intact recirculation locp during the transient. This modification has
recently been made. The nodified test appara+m, dereted TLn-5A, will include

*

a rore representative recirculation lecp mlume.

- [l 9?
BEFE AREAS '\g

s

The rain break-ficw path is through the meak in the recirculaticn suction
line and the Tilm break gecretry and size were scaled to previde 1/624 of the

1-14
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e

refe rence reactor break-flw area in the TLTA.

'Ihe sccend break-flcw path is through the jet pq drive line of the b:rJ.cn
loop, the limiting area in a reactor is at the je, p.:..c no::le. 'Ihe TL3 jet
purp no::le area of 0.00112 sq. rt. (0.000104 m ) hw on a m7,/4 is twice the2

regtured area of 0.00056 sq. ft. (0.000052 m ) for a BG,/6. Ee.nce, a flow .2

8
orifice witI5 the scaled throat area of 0.00056 sq. ft. (0.000051 m ) has bocn~

installed in the broken loop h1 M esn line.

VEITAum IN Dunm7T E:GICNS

'Ibe present TLE is scaled on a voltretric basis with reference to a BG,/6,
except in the case of the bundle regicn **hich has a one-to-one similarity to a
reactor 8x8 fuel bandle. mnsequently, tbc flow and heat transfer areas of the
various regions of TLM-5 do not bear a one-to-onc relationship as shcAn in

Table 1. Ucurar, the TL3 flow areas match the scalai reactor values in the
Hence, thePrinary regions, r. rely, the cere, bypass, and the separater.

velocity in the b.:ndle muld be the same as in the am fuel buncles for the
same boundary conditions.

As discussed earlier, the core inlet ficw during the coastdcun pericx1 is

exprted to te less than the predicted reactor values (Figures 1 and 2) due
to low initial elevation head in the TLE dcunccmcr. Subsequent to lower plenum
flashing, there is a potential for inc reased steam generation in the TLM Icmr
plenum, as mentioncd earlier, capared to scaled reactor values (Figures 6 ard 7) .
This wuld lead to a higher core inlet flcw ard velocity ccupared to the reference,

'Ihis will affect the magnitide of the bundle heat transfer and pressure' BG.
A similar e icct will occurdrcp, a-d the response of the bundle due to C FL.

alcng the guide tute-typass regions. Lis higher velccity will also te carried
,

1

,

upwards through the upper plenum ard se:arator.
t

'!he larger recirculation line areas should not irpact the systm res;cnse
since the flow ccastdan in these lines is controlled by the purp coastdcun
and not by'tle stored nrrentum at the tire of the bicsdcAn initiation.

50 212
~
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|
TABLE 1'

i

CCNPAPlSO!! CF FIfW A?D HEAT TRA?&ER AREAS'

i BE"4EE!I TLTA A!O REACTR SCALED VAIDES
!

- s
:

REGICt1 TL1A SCALED RE7CIOR VAIIE (= BiR + 624)
,

\

Actual Bundle Inlet 4.64 ir ' 4.64 in2 (Hot & Average)'

* 4.64 in2 1.49 inz (Peri- M )
! Bunile Dcit 11.36 in2 11.36 in2

| Bypass Dcit 1.6 in 2 1.73 in2

Separator 20.38 in2 20.3 in2

Bmak Area:

Sucticn 0.43 in2 0.43 in2

Drive 0.08 in2 0.08 in2

Volume Iower Plenu:n 0.72 ft2 0.19 ft2

^"9" Bundle 0.105 ft2 0.105 ft2
y1w

Arca W Plenun 0.59 ft2 0.26 ft2

Ecwncxrcr 0.90 ft2 0.108 ft 2

PTirculaticn Iano:

Suction 0.046 s,9028 ft2

Discharge 0.012 0.028 ft2

Heat Irw2r Plent:n 42.46 ft: 9.5 ft2
Transfer (including gmdo tt&c
Surface cuter surface area)

Bundle 23.49 ft2 23.49 ft2

LW Plenun (inside 13.64 ft2 0.6 ft2
cnly)

Ibwncmer up to F.W. 15.9 ft2 2 .71 ft:

S A 7er

\

SM 2I3
.

!
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.

SUFMU

'Ih2 precnling analysis indicates that tM present TLE M sirulate
closely the desircd phenmena known to be i:qortant in a BG IIrA up to the
time of lower plenu:n refill. 'Ibe nugnitude of the respars2 and the real time

~
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' ATTACHMENT 5
.

..

VAPORIZATIOP c.ORRELATION - BASIS AND APPLICABILITY
'

The purpose of this write up is to provide the details of the facility and
the tests which form the data-base for the vaporization correlation. It will also
be shown that this data base is representative of the bundle and the system condi-
tions in TLTA (Two Loop Test Apparatus) after the blowdsn phase (v40 secs),
and thus the correlation is appropriate in view of current T!TA understanding.

1. TEST FACILITY

The data base for the vaporization correlation was obtained from transient tests
conducted on a full size, electrically heated mock up of an 8x8 BWR fuel bundle. The

test set up is schematically shown in Figure 1. The basic element represented by the

test bundle, as compared with the actual reactor gemetry, is shown in Figure 2.
The dual channel arrangement (inner and outer channels) has the provision for simu-
lating the cooling water flow along the outside of the bundle (bypass region).

A modified prototype 8x8 BWR tie plate was mounted at the top of the bundle.
Prototype spacers were located at representative spacings along the bundle. The
lower end of the bundle was not prototypical, the rods extended
below the channel and teminated at an electrode. The complete heater rod had a
stainless steel clad, a nominal length of 167 inches, a 148-inch heated length
and a noniral outside diameter of 0.493 inch. The axial power profile represented
a chopped cosine distribution with a peak to average power density ratio of 1.4.
Fif ty of the heater rods were instrumented with up to six thermocouples. The power
supply was made of nine individual power units to allow for a local (i.e., rod to
rod) peaking pattern. The bundle power transient apprcximated the decay heat power

required by 10CFR50 Appendix K following a postulated accident ( ANS & 20*;)

An upper plenum chamber, 24h inches in diameter and 37 inches high, enclosed the

tcp of the bundle (Figure 1). Inside this plenum was a 1 inch spray nozzle for

the core spray simulation. Water was introduced into the gap between the two channels
using four 1/4 inch lines, one to each of the four channel sides. From the bottom

of the bundle, the water emptied into a graduated holding tank for flow measurement.
519 216
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2. INSTRUME.iTATION

The test facility was instrumented to measure the parameters listed below:

- Spray water temperature
- Spray flow rate
- Bypass flow rate
- Bundle drainage flow rate
- Rods and chanr.1 temperature
- Steam flow rate exiting the test section
- Applied power to the rods

3. TEST PROCEDURES AND PARAMETERS

3.1 Test Procedures

Figure 3 schematically shows the test procedures adopted to obtain the
data base for the vaporization correlation. These procedures are outlined as

follows:

a) Apply power to the test bundle.
b) Monitor bundle and channel temperatures.
c) When prescribed initial conditions are obtained, start spray water

flows and simultaneously start bundle power on programmed decay
transient.

a) Teminate test when cladding temperatures have been reduced to
prescribed lower values.

3.2 Test Parameters

The data base for the vaporization correlation covers the range of test

parameters listed below which is representative of the Darameter range used for
the evaluation model calculations applied to BWRs.

Bundle Power: 200 - 300 KW

System Pressure: 15 to 25 psia (approx.)

Maximum Cladding Temperature at Spray Initiation: 1040 - 1880 F

Spray Rate: 1.5 - 11.8 GPM

Spray Temperature: 100 F - 208 F

SW 2i7
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4. DATA BASE AND APPLICABILITY

The core vaporization correlation used in the evaluation model was empirically
developed using data from a full scale bundle, described above, with ECC liquid
introduced at the top and no apparent liquid hold up at the bottom. All the vapor
generated in the fuel bundle and the surrounding bypass region flowed upward and was
measured as a combined value at the top of the core. No additional vapor was injected

at the bottom of the core. The tests were conducted by reeheating the fuel rods to
a detemined initial temperature (test parameter), setting the initial decay power
level (test parameter), than measuring the core vapor generation as a function of
time with power variation to simulate the LOCA decay power transient. Counter-

current flow limiting (CCFL) occurred at the upper tie-plate in most of these tests
resulting in liquid hold up in the upper plenum.

The vaporization correlation has a large data base, relevant infomation (Figures

4 and 5) from a representative test run are included here. Additional experimental
data were transmitted to NRC in a letter dated January 30, 1979 from E. P. Stroupe
of General Electric Company to R.L. Tedeu.o of Nuclear Regulatory Commission. Figure 4

shows the measured steam flow as a function of time exiting from the test section.
Some of the steam generated in the core condenses due to system heat loss and due
to subcooled ECC water flow in the upper plenum and in the bypass region. Maximum
core steam flow is then detemined by adding the steam condensed to the measured
maximum steam flow. For conservatism, the maximum core steam flows (Figure 4) were
used to establish the vaporization correlation. Further conservatism is introduced
in the correlation by asstning that the entire vapor flow measured at the top of
the core was generated in the bundle, and that no part of this steam was generated

in the bypass region.

Figure 5 shows the bundle power equivalent steam ficw (steam that could be
generated by all the test power going into steam generation). Also shown in Figure
5 is the bundle steam flow predicted by the vaporization correlation for the initial
temperature and peak bundle power for the representative run. Under the test condi-
tions without bundle reflood, the general temperature transient response follows the

trends depicted in Figure 3.

519 218
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The significance of the results shown in Figure 5 is the comparison of the
fraction of dec.q i. eat that actually contributes to steam generation. During the
initial period of the transient (t < ti), the instantaneous steam generation rate
is less than the decay heat due to net increase in the stored energy of the rods.
During the later part of the transient it > tt), the rods are cooling down and
the instantaneous steam generation rate is greater than the decay heat due to
net decrease in the stored energy of the rods. The physical significance of the
point of intersection of the decay heat curve and the predicted maximum vapori-
zation line is that all the decay heat is going into vapor generation at this time
(t = t ) and that the net change in the stored energy of the rods is approximately

3

However, because the decay hett rate is decreasing with time, the combinedzero.
effects of steam generation due to decay heat and stored heat in the rods contribute
to a lower net steam generation rate later in the transient (t > t ) as shown int

Figure 4. Use of the maximum steam generation rate measured therefore

represents an upper bond.

In order to examine the applicability of the vaporization correlation ta TLTA
(Two Loop Test Apparatus), the schematic diagram showing this test set up in included

in Figure 6. Comparison of Figures 1 and 6 indicates that the test section in TLTA
is very similar to the one used in obtaining the data base for the vaporization

correlation. Detailed results from recent TLTA phenomena analyses are presented in

Attachment 1. One of the significant conclusions of these recent analyses on TLTA
is that a mixture density sufficient to maintain nucleate boiling persisted in the
core region for approximately 40 seconds and, thereafter, the core was entirely
depleted of any liqufd continuum. This conclusion is supported by the bundle

density and pressure drop measurements shown in Figures 7 and 8. Subsequent to the

liquid depletion from the core at 40 seconds, the system conditions in the TLTA
bundle are quite representative of those present in the " empty bundle" experiments
used in the development of the vaporization correlation. For reasons of similarities
both in the test sections and the system conditinns, it can be concluded that the
vaporization correlation also provides a bounding prediction of the steam generation
rate in TLTA tests with ECC injection af ter 40 seconds into the transient.

519 219
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ATTACHMENT 6
_1_

.

Q UESTION

The conservatism of the heat transfer transition in SAFE should be justified.

RESPONSE

The heat transfer coefficient below the two phare level, used in the SAFE code
for current licensing calculations is shown on page I-49 of Ref erence 1 and is
shown in figure 1 as the solid line. As the SAFE code is a syst m code the core

thermal hydraulic calculation is done for the average bundle and not the high
powered bundle. Hence the most appropriate heat trcnsfer coefficient to be
used is the one most representative of the average bundle. Tests in the TLTA,
both with and without ECC, have shown that the most repre.entative heat transfer
coefficient for the average bundle, at all elevations below the two phase level,
is nucleate boiling (references 2 and 3). Hence, the sensitivity study showing the

effect of high heat transfer on calculated peak cladding temperature (PCT) (Reference 4)
was performed using the heat transfer obrerved in the test, which was intended to be
most representative i.e. best estimate and not conservative.

QUESTION

GE must either justify that not including CCFL at the bottom (side entry orifice)
is conservative or put it into their model.

RECPCQSE

The effect of not including liquid holdup in the bundle because of side entry
orifice (SEO) CCFL in the EM is conservative for two major reascns:

- a) SEO CCFL during the blowdown phase results in a aclay in the =ixture
level dropping out of the core. If SEO CCFL were included in the evaluation
model (EM) a delay in the core uncovery and iraproved heat transfer
would be calculated,

b) SEO CCFL during the ECC phase ':sults in earlier reflooding of the core
as the core can be reflooded prior to the lower plenu= ccepletely
refilling. This earlier reflooding results in much lower PCTs.

There are a number of other minor ef fects of SEO CCFL on the expected response
of the BWR, most of which have been shown (References 5 - 12) to result in earlier
reflooding. These are:

a) Effect of stea= redistribution between different bundles (Reference 6).
It was shown that if this effect is included it results in a lower PCT.

b) Effect of liquid in some bundles and cnly steam in others. Reference 13
discusses this effect in detail and shows that the current evalcation

model (EM) calcu ation is conservative.l

"319 92_h
#
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of steam generation in the bundle as a result of water holdup.
13 gives a detailed com,:arison of this possible non-conservatismc) Effect

It was shown thatReference
to the other conser tisms, discussed above. far outweigh the one
the conservatisms cf not including SEO CCFL,
possible non-conservatism.

information to show that the NRC'sThere is no new evidence or test
conclusion (Reference 10 and 12) abouc =ocalling of SEO CCFL needsthe EM need not beto be changed. Hence it can be concluded thatis conservative wid.out specifically
changed to include SEO CCFL, as it
modelling SEO CCFL.

.
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Attachment 7

0_UESTION:

Provide basis for GE conclusion that liquid pools will not collect above
grid spacers for the refill /reflood phase of the transient.

RESPONSE:

A " liquid pool" can form above a restriction due to counter current flow
limiting (CCFL) when the liquid cannot drain at a suffie.ient rate due
to vapor upflow. Thus, two criteria must be met for such a " liquid
pool" to form:

1. The liquid must be draining, i.e., in counter current flow;

2. The vapor velocity must be high enough to restrict tha available
liquid downflow.

The refill portion of the postulated BWR LOCA is a slow transient wiich~

can te treated as a quasi-static calculation. During this phase, spray
water falls through the bundle resulting in evaporation of a portion of
the water. Thus counter current flow conditions exist in the bundle.
The highest vapor upflow and liquid downflow ratas occur at the top of
the bundle. The upper tie plate also presents the greatest restriction
to the flow. All of these conditions result in CCFL only at the upper
tie plate. The <ttached figure shows possible flow situations in a j -

g
jf piane. Flow conditions to the left of the CCFL curve in counter
current flow are not possible. This situation is illustrated as line
'AB' in the attached figure. 'A' represents conditions at the bottom of

the bundle and '8' at the top of the bundle and points along ' AB' represent
conditions along the bundle. For truly steady-state conditions, AB is a

straight line with a s' ope of - v /v). For a slowly varying transient,g
the line 'AB' will rer asent the conditions along the length reasonably
well. The figure shou two CCFL curves, based on volumetric fluxes in
the open bundle area: curve 1 for the tie place and curve 2 for the spacer,
which is less restrictive. In order that CCFL occur at the spacer, AB must

SM 232
71
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Page 2

intersect 2 before 1. Clearly, under quasi-static conditions this is

not possible. Thus, while some axial changes in droplet concentration
may be caused by the spacers, ' liquid pools' will not form at the spacers
in this situation.

In order that CCFL occur at the spacers before (or together with> une
upper tie plate, a significant distortion of the axial flow profile must
take place. Curves CD to C'D show such rituation. Typically, this

could happen during a transient when the inlet liquid flow is sharply
reduced from c' to C as during the " flow window" just prior to lower
plenum flashing in the early blowdown period. The flow conditions along
the bundle prior to the sudden inlet flow reduction would be repree'nted
by C'D, whereas, shortly after the flow reduction from C' to C thr.
characteristics would be along C'D. This can lead to CCFL at "e spacers
and formation of low void fraction regions (" liquid pools") r:< ave the
spacers and high void fraction regions below the spacers. It shculd be
noted that for Appendix K analysis a "dryout correlation" based on
experimental data is used to predict boiling transition during this
period. The correlation conservatively assumes that the entire length
of the bundle suffers boiling transition rather than small regions near
spacers.

LFR: rm/522-523

7/25/79
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ATTACHMENT 8
.

C0MPARIS0NS 0F THE SAFE
,

CALCULATION WITH THE TLTA TEST DATA
>4.

July, 1979

1. INTRODUCTION

The analytical calculations for the TLTA average power tests with and witrout
ECC were carried eat recently with the SAFE code. The evalua tion model procedures
used in the BWR calculations, which are applicable to the TLTA conditions, were
used in the study. SAFE runs were conducted with the initial conditions (buidle
power, water level, steam line flow, jet pump flow, etc.) and the boundary cenditions
(control valve characteristics and ECC flow characteristics) given by Inc test data.
Comparisons of the calculations with the test data are presented below.

2. SAFE CALCULATIONS

Comparisons for the tests without and with ECC are shown in Figures 1 and 2,

respectively. Each figure shows the system blowdown (pressure) response and break

flow trantients given by the calculation and the test.

SAFE calculates a higher break flow and hence more mass depletion in the early
transient (<l5 seconds) for both tests. Th 4s early overcalcu'ation results in less

stored mass and energy in the system which correspondingly leads to a faster system
blowdown transient (pressure response) and a lower system pressure later in the tran-
sient. Over that period where the " discharge fluid is predominantly steam, CA~E
underestimates the break flow mainly due to the lower calculated systa pressure.
However, as the calculated pressures become closer to the test re",ults beyond 100
seconds, better agreements of the break flows are seen particue. ly in the case without

ECC.

519 D5
S-1



-{ -.
-

g
00 1 00 2

3 0
2

- -

.

-

-

-

-
0

- 5
1

1

.

-

-
-

*-
.

C .

O -E
-

1

qx_
_

P
T

0
1 _
' w -1

I o
= W _1 W l -

F L )T cS k m - e
_E E a - 0 sT e 0 (

R r - 1

-E B - EU y1
L DI

G
'

- TR
I O .

I

F s % 'r_Qtc
S -

m
.

I
A E ' -R

A u T. Fs A -P
4 s M S .

.

J m
N ~-O P -

-
%

~

~

N=
'
' 0

N ~ 5

~

_
-

-
N

x
Ny .

s\ \g s
\ ,

s
\ g

\ ' 1\ ;. i.

8
\, ' , i','

,'
.

ie ! il ' ,,i. - p -}
-g -, .-

- .
' *

- g - 0
, - O-

0'

0 00 0 5

?."C O'0 0
5 1

s1 .

~ L.'

a8
mN



.. . _ _ _ _ . _ . _ . . . . _ _-___.._. . . _ . _ _ _ _ . _ . _ . . .

.

*
.

oo
E R'

$
I I y i

1

e.

4 I
i
b

i .

)

.I
|I- ?
i .;
I

-i

.

f

9 44

i t j
,

g 6
>

m
p 1 _

c
y ( j1 l= g ,

: -o ; ge N x
: !.

I E-*..

6 - f

xM
2 i '

,

B
I

[

'' s 5
,'
I

/ '
''

i

/ / S' --

/ /*

I

/ ,

,
.

/W
,.-
"

,ssy
- .- - -y -

y- ,-
W C

___ - -----
' i,

/ ,- _,- V a
' ,~, /

fA
l ,,,

' a *,, ' s' og J1
ye

8 e
--

(etsd) E M d ' e n


