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MEMCKANDUM FOR: B111 M. Morris, Director I W o A
Division of Regulatory Applications, RES
FROM: Brian W. Sheron, Director
Division of Reactor and Plant Systems, RES
SUBJECT: LOCA CONCERN OF SCE EMPLOYEE

A Mr. Dan Johnson of Southern California Edison (SCE) has recently written two
letters to a Mr. S. P. Kalra of EPR] expressing concern about steam generator
tube ruptures in conjunction with a large LOCA. The concerns are described in
the enclosure and focus on the possibility of a2 recriticality due to primary
system dilution with unborated water from the secondary system, with subsequent
containment overpressurization and failure. These concerns are stated to be a
result of Mr. Johnson's review of the proposed Regu.atory Guide on ECCS methods
which accompanies the proposed ECCS rule change.

Although Mr. Johnsor sent the enclosures to EPRI, he has also sent copies
directly to @ number of NRC employees. | have spoken with Mr. Ken Baskin,
Vice President for Nuclear at SCE, to determine 1f Mr. Johnson had a safety
concern but was unaware of how to contact the NRC, or to otherwise understand
nis motives for sending selected NRC staff copies of his letters to EPRI.

According to Mr. Baskin, Mr. Johnson is fully aware of his responsibility to
write directly to NRC if he believes a safety deficiency exists. He has
chosen not to. Therefore, ! do not believe his letters constitute an
a\}egat1on but rather should be considered as comments on the proposed ECCS
rule.

However, in order to ensure the issue is fully evaluated, I believe it is
prudent and in the best interests of the agency to classify the issue as a
generic safety 1ssue and prioritize it consistent with Office Letter #40 of
the old NRR organization. If the issue is prioritized as "medium" or "high,"
I believe you should work in cooperation with the Reactor and Plant Systems
Branch to develop 2 resolution in conjunction with the final ECCS rule.

Y S .

. ,/k(-a"\ ///’ ‘L/Z'-".‘ ’:(1/\.
Brian W. Sheron, Director ~
f/‘ Diviston of Reactor and Plant Systems K

Office of Nuclear Regulatory Research

cc: See next page.
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Project Manager

Safety Technology Department
Nuclear Power Division

Electyic Power Research Institute
3412 Hillview Avenue

Palo Alto, California 94303

Subject: Proposed ECLS Regulatory Change

References: Letter from S. P. Kalra, EPR] to D. L. Johnson,

_ -
. Southern California Edison Company e d
SAN ONOIRE NUCLEAR CINIERATING STATION
FO BOx 28
SAN CLEMENTE, CALITORNIA S 5 '
Sauthern Caltornia Edison
March 26, 1987 AWS-Dar

PO Box 128 {

San Clemente. Ca 92672
Bus (714) 366 ewes \
Fes (619) 2944642 \

Mr. S. P. Kalra

Dan Lewis Johngon

Engneer
m«tmtg“a

Southern California Edison Company, dated March 19, 1987

of Subject: ECCS Regulation Change

2. Emergency Core Cooling Systems; Revisions to Acceptance
Criteria - Proposed Rules Federal Register, Vol. 52,

No. 41, March 3, 1987

3. Secondary Side Transport and Retention of Radioactive
Species - STARRS Computer Code - Retention of Radionuclides
in U-Tube SG during SGTR events., RP 2453-4, October 20, 1986

Dear Mr. Kalra:

Thank you very much for your response (Reference 1) to my letter

(Attachment 1) pertaining to LBLOCA with consequential SGTR in light of the
proposed rules associated with Emergency Core Cooling Systems; Revision to

Acceptance Criteria (Reference 2).

I have reviewed the BNL Report (Attachment 2) and wculd like to relay several
comments to you which I have also previously discussed with Mr, L Neymotin of

BNL .



Mr., S. P. Kalra 2= March 26, 1987

Briefly, the heat levels (decay heat) used in the BNL experiment are not
realistic in a large PWR core undergoing LBLOCA transient with SGTRs, During
a

this transient, even with all reds in,

rge portions of the core become

supercritical due to the affected secondary side - steam generator inventory
discharging unborated steam/water to both the top and bottom of the core.
Local power levels can be enormous. Furthermore, the accumulator inventory
which reaches the core is not adequate in immediately mitigating this
transient. As a result of this, large portions of the core are no longer
amendable to cooling from either the high or low pressure safety injection
systems. Furthermore, higher than designed containment pressures are reached
resulting in increascd backpressure during the reflood stage of the LOCA.

It i1s obvious that unresolved steam generator integrity safety issues should
be fully resolved such that the margin of safety offered to the general public
is not lessened in the hypothetical LBLOCA safety analysis.

Thank you for the material (Reference 3) which you have provided us.

Sincerely yours,

w 3-26 47

D. L. " Johnson
Engineer
Southern California Edison Company

Attachment

cC:

ECCS Rulemaking Distribution
Revised Regulatory Guide/SECY 86-318
L. Neymotin, Brookhaven National Labs
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ATTACHMENT 1

March 2, 1987

Mr. §. P. Kalra

Project Manager

Nuclear Power Division

Electric Power Research Institute
3412 Hillview Avenue

P. 0. Box 10412

Palo Alto, California 94303

Dear Mr. Kalra:
After reviewing in detail the draft of the ECCS Rulemaking Regulatory Guide, I

would 11ke to make the following comments based on FIV problems and other
steam generator integrity fssues with CE System 80 and 3410 nwt vertical

U~tube steam generators.

1. Specifically, the models should be capable of predicting peak clad
temperatures during a LBLOCA with concurrent steam generator tube
ruptures. The steam generator tube ruptures are sequential failures
in the primary to secondary pressure boundary as a result of the
LOCA and SSE hydroloads. Such tube ruptures can occur due to large
volume defecrs (associated with tube to tube support interactfon and
wear) and other defects which are located in regions of high
rarefaction stress intensity as 2 result of the depressurization
wave. Tests performed in the Semiscale Mod 1 Svstem (attachment 1)
fdentifies an extremely narrow band of tube rupture flows (that 1s,
flow from between 12 and 20 tubes) resuiting in signifilanily
higher peak cladding temperatures. This was due primarily to the
tube rupture flew, resulting in a retarded reflooding of the core
which, in turn, caused later cladding temperature turnaround times
and corresponding higher peak cladding temperatures.

B During Engineering reviews of ECT data, for example (attachment 2))
those tubes identified and characterized as having large volume
fretting defects (where leak before break criteria does not apply)
in excess of their degradation limits governed by LOCA hydroloads,
should be assumed to shear during a LBELOCA safety analysis of the
FIV problem. Peak clad temperatures should then be determined using
modeis that take into account ECT uncertainties, 1.e., copper
plateout from feedwater heater trains, U-bend uncertainties, etc.
ECT fregquencies and sample sfze should be specified in a plant
specific 1icense amendment to assure that peak clad temperatures
will be maintained less than 2200°F with a 95% confidence level.
The reasons are obvious as radiological consequences can be severe
as the clad rupture Tevels are higher than previously analyzed, and
a direct release patt is developed from the fuel pellet to the
outside air via the secondary plant and multiple sequential SGTRs.

i w



w. S. P. Kalra -2~ March 2, 1987

Attachment 3 describes a potential problem should large volume
fretting defects deve.op in regions of high LOCA rarefaction stress
intensities.

3. ECCS performance and rulemaking should also be assessed based on
MSLB induced SGTRs in essentially the same fashion.

Should any further questions exist, feel free to contact me at (714) 368-9793.
Sincerely,
£:L4« 1L At
3-24f

D. L. Johnson
Engineer

DLJ:40111/sas

cc: ECCS Rulemaking Distributfon
Revised Regulatory Guide/SECY B6-318



ATTACHMENT 2

ks Y. Neymotin ard U. S. Rohatga
Sh2%2-2100

Tel.

Eldg. 47%5¢, BNL, Upter, NY 11973

STATUS: WORKING VERSION

EFFECT OF STEAM GENERATOR TUEES RUPTURE
ON PWR LOCA

1. Introduction.

&. Domiviant Phericmera.

< Semiscale Tests.

2.1 Description and Mair Results.

3.2 Review of the Mod~-1 Scaling

Considerations.

3.2.1 Structural Heat Transfer

t

2.8 Critical Flow.

&

+&. 3 Dowrcomer Gap Width and Flow Modelirng.



3.2 Yypicality of the Mod~1 Tests.

3.3.1 Pumps Rurring
3.3.2 Broken Loop Pump and SG Flow
Resistarces.

3,3.2 Time of Tube Rupture.

4, Simple Calculatior of Reflocd Delay.

4,1 The Critical Number Of the Tube Ruptures.

4.2 FReflcod Delay.

. Corclusions

i. troducticon

The large break loss of coolant accident 1s & design
based accidernt which has beer aralyzed for each cf the plarnts
operating in USA. Even with the conservative guidelines of the
FApperdix K of 10CFRE0, the peak clad ternperatures have been
shown to be smaller than 2200 F. However, as the existing
plants are aging, & rnew concern is created due to the
pessibility of steam gererator tubes becoming weak and
rupturing in a course of a hypothetical LOCA.

Steam generator tube ruptures had cccurred in many
existing plarnts but did rot cause arny serious abriormal

conditions and plants have been safely cperated. However, tube



rupture incidert could happer during LOCA due to corg@rnséeticn=
induced oscillations expected in Refil/Reflood phases cof the
accident. This could ircrease the severity of the large break
LOCA. In fact, this type of behaviocur was observed in some of
the semiscale large break LOCA tests with steam gereratcr tube
rupture. The peak clad temperature in these tests had an
extremum for & certain critical rumber of tube ruptures.
However, these observation can not be directly extrapolated to
& full scale plant due tc mary scaling compromises made irn
designing the semiscaly facility. Nevertheless, it remains to
be shcwn whether similar behavior will be cbserved in the full
scale plant and what would be the degree of severity of this

sSCenario.

The cbjective of this report is two-tild, The first
objective is to briefly cverview the main feature: of the
accidert scerario relating it to the semiscale steam gererator
tube rupture experiments. The aralysis is dorne from the
starndpoint of the experiments representativeress of a typical
PUR in terms of modeling the accident sequence as well as
scaling the thermal hydraulic pheromera., Secordly, after the
dominant phenomena controlling the accidert are established, a
corservative estimate of the effect of steam gererator tubes
rupture on the reflocd progression and peak clad temperature
will be performed.

Domirant thermal hydraulics phercmerna are described in
Chapter 2. R brief description of the seniscale test facility,

trarsiert sceraric, and aralysis of results ard scaling



cornsideraticons can be found in Chnapter 2. This chapter elsc
discusses some questiorns of the typicality of the semiscale
Mog-1 experiments vs. the real PWR system trarsiert scerario,
Firally, & symplified aralysis predicting the critical rumber
of tube ruptures ard the reflood delay due to steam gernerator

tube ruptures 1s preserted in Chapter 4.

&, Dzminart Phercmerna.

Description of domirnant phercmera can be started from

the time Just following the blowdown stage of a LOCA after the

energercy core coclaing (ECC) system had beern initiated. Urtil

the ECC water fills up the lower plenum, the steam from the
secondary of the ruptured steam gererator can follow two paths
escaping the vcli.ln/gi through the lower plernum, dowrcomer
(CCFL ard dowrcomer gap width are important) and through the
cold leg break, and ;% through the broken locp &6, and through
the RCP., The distribution of the flows deperds or the vrelative
hydraulic rosistances along the two paths. During this pericd
the flow ir the core is negative.

As scor as the lower plernum is filled, the first path
car be blocked, The water level i1n the dowrncomer rises, ard
the reflood stage may begirn. The reflcod will start only if
the upper plenum pressure i1ncrease due to the flow resistarce

of path 2 does not overcome the dowrcomer static head.

However, depernding orn the rupture flow rate ard the



resistarces of the sinulated SG ard RCP ir the brokern loop,

pressure can increase and the core fluw reverse which will
retard the orset of the reflooog stage. As it will be seen
later, resistances of these two simulated componeris have beer
larger than expectec from the point of view of the intact vs.
broken loop scaling considerations.

After the reflcocd begins, the vapor gereration in tne
core will begin. The effect of this 1s eguivalent to an
ircrease in the rupture flow rate: both lead to ircrease in
the upper plenum pressure. The increas2 in pressure will
evartually decrease the reflocd rate and increase PCT.

After the ECC injection is initiatec, the cold water
in all four cold legs (mostly in the intact loops) comes into
contact with the steam flowing either from the core region
through the cowrcomer or through the hot leg arnd the steam
generator primary. The condensation has & balarcing effect on
the vessel upper head pressure by cffsettirg the upper plerum
pressere increase due to the SG rupture steam flowing into the
vessel.

The amount of steam leaving the upper plerum ard so
the upper plenum pressure depend both on the condernsation rate
in the cold legs and downcomer as well as on the pressure
losses in the intact loop steam gernerator ard RCP (scaling of
pressure losses in these comporernts). Distortions in modeling
of the loop resistances (on the higher side, in particular)
can lead to ircrrased pressure losses irn the intact lcop or an
the s.nmulated SG and RCP resulting in the upper plenum

pressure irncrease ard reflcood retardation,



The phencnera 1vi the oowns cie’” region can be importarnt
for the lower plerum and downcomner fillarg rate. All :CC water
is injected into the intact loop cold leg. The scalirng «f the
DC arnd mcdeling of irnjection omly through core irntegrated
intact loop will distort the res]l flocw patterrn wvhich is
expected to develop 1in the dowrcomer whew the iroecticon is
provided through the three intact locps. Rlse, boiling in the
gowrncomer (irncreased area-to-volume scaling) will be ovo;-
modelled thus potentially reducing the filling rate through
the steam—-liquid interacticn pherncmera (CCFL)., The dowrncomner
water level history becomes an i1mportant paraneter tcgether
with the upper plenum pressure by comtrolling the reflood
progression.

Vapor generation in the ECC ard steam gererator
secondary water heated by the metal structures in the
downcomer and upper plenum regions has alsc scome impact or the
cowncomer and upper plenum pressure histories. Vaporizatiorn in
the dowricomer may have a favorable effect on reflood by
increasing the reflcooding driving pressure head. However,
pressure increase due to vaporization in the upper plerum can

retard the reflood phase.

3.1 Rescripticon ard Mair Results,



Tne series §+.8 of the Semiscale Moc-1 experimerts
simulated the phenomena in a PWR durirng a large break LOCA
followed by the steam gernerator tube rupture., The cbjective of
the experiments was to evaluate tre effects of the SC tube
rupture on progression of the core reflood and, evertually, on
the core peak clad temperature (PCT) history. The results of

these experiverts were published irn 1377 ard 1378 [1,2,Z21].

The sivplified schematic «f the test facility is shown
on Fig. 1. The PWR core is sinulated using 4«0 electrically
heated rods with 36 rods actually powered with an average
power of 1.4 MWt irn all 6~28 series tests. The heated lergth
of the rods was about 168 cw. Ore of the facility's loops
(irntact locop) represerts the plart's three irtact loops
combined, and the second loop represents the plant's broken
leop. The intact loop contairned ar active steam generator and
the RCP, while *he stean gercrator ard RCP were simulated as
passive flow resistances in the broken loop.

Initially the system was filled with water, warmed up
to about S42 F in the cold legs using the core heater rods,
and pressurized to about 2200 psi (158 MPa), The double erded
cold leg break trarnsients were irnitiated by breaking two
rupture discs separating the vessel inlet ard the sinulated
RC2 cutlet of the broken loop (200% break) from the
suppression pool. Pressure in the pressure suppressicorn tank
represerted the contairmert back-pressure of about Z2.€ ps:

(2.2% MPa)., At approximately € seccrds irto the trarmsient the

| O

tneter power was tripped to the decay heat level.



The HPCI systewn wes iratilated 1mmediately after
blowdowrn, while LPIS was triggered by the system pressure
drepping to a4 set point of 1034 psi: (71,32 MPa). The ECC water
tenperature was 102, € F (25 C), The HPCI irnjecticrn flow rates
irn the intact locp were arcund 0,028 kg/s except for the test
S-28~2 (2] (& tubes rupture) where for ar unspecified reascn
it was 0.17 kg/s (see, for example, Figs. & ard I showing the
HPCI velumetric flow rates for tests S-28-2 and S-28-3 (4]}
LPIE flow rate was approximately 0.2 kg/s for all tests (a
typical LPIS history is shown on Fig., 4). It could be expected
that the increased HPCI irgecticon rate in the € tube rupture
case would result in faster reflood ard lower PCT.

There were 12 experimarts in the £-26 series which
differed mainly by the riumber of ruptured tubes in the intact
locps steam gernerators. Hey parameters of these experiments
are |hgun in Table 1.,

The steam gererator seccondary~to-primary flow caused by the
rupture was simulated by injecting pressurized water from &
heated accumulator at a fixed metered rate irto the hot le
piping of the intact loop steam gererator. The irnjection 1 ne
was cormected to the hot leg piping betweer the S6C hot ple wm
ard vessel.

The irgecticn flow rates varied in differert tes's of
the Series S-28 from 0.054 kg/s to 0,544 kg/s which, assuming
that the HEM mcdel was applicable for the choked flow
ctalculaticns, corresporded to sirngle-ernced rupture of betweer
€ to €0 tubes ir the three intact PWR loccps [S)., Core area

€caling was cheser, for the sbove calculations of



el Vesdirence betwesrn the 10JeCt@d FMluw rate &nc euuivalont
rivinber of tube ruptures. lwplications of this choice are
discussed later in 3.2.

Beside the variations i1uposed on the 6 rupture flow
rate, sersitivity of the peak clad temperature to the time of
the rupture was alsc investigated. Two sets of experimernts
have beer performed with the tube rupture at 40 and 60 seconce
efter the blowdcwn; these times are supposed to correspond to
the begirming of refill and reflocd, respectively. Comments or
these sersitivity tests can be fourd in 3.3,

The principal objective of the S$-Z8 series of
exparments was to the cutain information orn the peak clad
temperature magritude and history during a LOCA complicated by
é 56 tube rupture cccuring after the blowdowrn stage. Sirce the
main parameter changing in these tests was the seccordary-~to-
primary flow rate preserted through an equivalert rumber of
the ruptured €6 tubes, the plot showing the PCT as a furction
cf the number of ruptured tubes (Fig. %) [S].

The two conclusions from the results were: a) the
cladding tempergture dors not reach "... the temperature
recessary to impar the structural integrity of PWR fuel rod
cladding” (5] arnd b) there is a fairly rnarrow bard of the
secorndary-to-primary flow rates when PCT reaches a high value
of 1298 K as seen in Fig.S. The range of the tube rupture flow
rates where the PCT has & potential of reachirg high values
covrespond to rupture of betweer 12 arnd 20 SG tubes.

The main purpose of this report 1s to review the

results and corclusions and attempt to evaluate the



spplicability of the, latter to a full scale Pwk syttea

urdergoing a LOCA with a similar sceraric.

3.8. Review of the Mcg-1 Scaling

Cr-ns icerat 1S,

There have beer basically two alternatives in scaling
the Semiscale test facility ~ lirear ard volume scaling. The
linear scaling has certain positive features; for example, it
preserves the leocop trarnsit time which is importarnt irn
represerntation of the acoustic wave propagatiorn as well as
fluid transit time. However, & riumber of drawbacks ir this
approach make it less appropriate wher comparing with the
volume scaling., Some of the ma)or disadvartages in lirear

. scalirng is a reed in scaling of acceleraticr; alsc, linear
scaling of lerpths, areas, and volumes leads to a very small-
sized test's gecwmetry arnd very high values of the core power
dersity.

Amcrg the advartages of the volume scaling principle
followed in designing of the Mod~1 facility are preservation
of lergth (correct elevation represertatior is important ir
the gravity criven transierts), preservatior ¢f the core
gecretrical parameters (rod ciameters and pitch; the heated
lergth was rot preserved), preservaticr cof time, velccities,
and acceleraticr.

Urevoidable compromises, however, had tc be made sirce

1t was 1mpossible to strictly follow the volune scaling



principle arnd &t the vane tine, for i1nstarnce, mairtairn
pressure lcocsses represertation irn the pipes: the lergths hac
to be reduced t¢ avold excessively large pressure crops in the
loop compornent s.

Twe studies of the Semiscale Mod-1 ard Mod-2 test
facility scaling effecte have beer perfcocrmed at INEL in 1373
ard 1980 [(E-8). Main issues corsidered protlemati:c by these
studies are the following:

@) Surface area to fluid volume ratics as well as the
pressure losses are larger in the mnocdel compornernts than in the
full scale systemng

b) Structurel heat trarsfer is not represerted
properlys

c) Preogression of very slow trarcierts will be
influerced by the oversized S0 secondaryy

d) Lecep pumps do rnaot have praoperly scaled locked-rotor
resistarces; they alsc do rnot have properly scaled performarce
curves. Degradaticrn was much earlier than in the full scale
PUMPS §

e) Heated lerngth for the rod burdle is rot scaled
correctlys

f) The steam gererator arnd pump in the broken loop are
nocteled a3 passive pressure l1oss components;

g) The downcomer gap i1s vnot scaled properly arnd 18 too

nNarvrow,

A few selected scaling issues are discussed below.



dode ) Eiructural teet Tcargter,

It is recogrized that a large distortion (orn the
higher side) in the heat transfer area to the liguid volume
ratio 1s introduced as compared to the full-scale systen when
a volume scaling is adopted. This would lead to inaccuracies
in modeling of the heat trarsfer asscciated with the test
facility's metal structures. Sc that the course of the fast
trarsients (blowdowrns) overly large amourts of heat will be
cepcsited into the system ligquid invertory, while in the case
of slow trarsiernts, losses to the ervircrmernt would be
urreascnably large.

Because of the surface erea~to-volume ratic in
Cenvsscale facility is larger than in & real reactor, the vapor
gereraticn and condersation pheromera will be distorted. The
cverscaled vapor gereration (or cordensation) in the downconer
regicn will influerce the system pressure resporce and
distribution which are importarnt factors in the reflood

Progression,

There are two basic issues related to moceling of the
tube rupture (secondary-tco-primacy) flow rate: estimaticr of
the critical flow rate arnd deperdency of this flow rate or the
break locaticon, As follows from [S) the HEM for choked flow
was used to find correspondence betweer the flow rate irjected

irte the SG hot lepg in the experinernts and the riunber of tubes



FUpLures in the real, systen which would praovice the
correspording flow rate. It should be poirnted cut that the HEM
mod=~]l can sigriificartly uncerpredict the critical flow rate
which would lead to misinterpretation of the PIT ve., rumber of
rupture tubes results.

The core area scaling was used for the seccordary-to-
primary fiow scaling in these evaluaticns. The alterratives
for scaling are the core power, system volume, anc system
hydraulic resistarnce ([Z), p. 99); the corresponding flow rate
ratics (assuming the ratic to be urnit in the case of the core
érea scaling) have been precicted toc equal 0.42, 0.EE, ana
1.97, respectively.

This mears that deperding on the scaling critericon
chosen for the €06 break flow rate, the irjecticon rate in the
experinerts sinulating the £€C primary-to-seccrdary flow can
correspond to a different number of tubes ruptured i1n the real
PWR E6. For example, the 1€ tubes rupture test (S-2B8-8) with
the rupture flow rate of 0,145 kg/s can be interpreted as 7 or
£% tubes break deperding or whether the reactor power or
system hydraulic resistance is chcosern for the break flow
scaling, respectively.

The uncertainty in the tube rupture flow rate scaling
and modeling would produce urcertainty in interpretation of
the lccetion of the maximum or the PCT wvs. riumbdber of ruptures
curve (Fig. %)t the PCT curve could shift along the axis
either tc the right or to the left, This would make the
cornclusion on the bard of secondary-to-primary flow rate which

proeduces maximum PCT (18 to 20 tubes ruptures iv the tests)



Nt eppropriete for the full scale extrapslation,
Loecation of the G tube ruptures carn alss influerce

the primary-to-secondery fiow rate history,

3.8.3 Dawricomer Gap Width ard Flow Mogelirn.

The gownconer region representaticr can sigrificantly
impact the core reflcocd develcpmert., Importarce of the
downcomner hycdraulics has been emphasized ir ancther series of
the Semiscale experiments s#sfootrotesss), The volume scaling
approach together with preservation of the vertical size
utilized in the Mod~-1 test facility would have resulted in a
very narrow downconer. However, i1n the facility the dowrcomer
gép area is approxinately three times larger thar would be
resded to satisfy the volume scaling requirerert.

It should be peoirted cut tere that in case of the
liguid flow in narrow gaps (like the downcomer armulus of a
sCaled~down experimertal facility) the wall fricticr pressure
losses and Helmholtz instability are the phencmera corntrolling
the liquid propagation in the theta ard vertical directiors
(as cpposite to the cases when the CCFL effects play the major
rcle). The twe former phercmera will begin to cortrol the flew
4t sone point as the width of the arnulus decreases.

The implicetion of the said above is that cgepercivig on
scaling of the diameter of the cold leg pipe, ECC flow rate,
and the downcomer pap width ore can find, for example, & CCFL
controlled phercwera in the full scale system, arnd the wall

fricticn ard Helmholts irstability cortrolled phercmera - irn a



sCeleag~cown test fac;lity.

Rithough a CCFL aralysis car be performed for the caose
in consiceration, 1t has tc be realized that the available
Wallis~type correlations [(9) were cdevelcped for the icealizec
flow conditions and gecnetries. Applicability of those
correlations to the three diversicral flow which develcps wrer
a Jet erters en arrulus rormally to the charnel walls 1s
questicrable. Dependirng on the flow paraneters arnd gecnetry,
one can conjecture development of an oscillatory flow patterr
phercmerclogically differernt from those ir the Wallis
correlation deta base tests.

Thecretically, however, if ore were to eéssume that the
stable counter current flow corditiorns do develop ir the

dowricomer arnulus, the following correlation had to be

considered

(Wallis corr,)

It follows from the correlation that at the fixed steam upflow
rates, the liquid dowrflow rate will ircrease with the
Cowrcomner gap diameter. This indicates that having & too
rarrow gap would delay the lower plerum and downcomer fill~-up,

retard the reflood, ard potertially elevate the PCT,

*»2sFQOTNOTE® =)

The alterrative ECC 1rgecticrn tests (12, P. 13, Series



£ have Showr that tne lower pieruia InJecticon s Curnd.0arat.y
mwore effective thar the dowrcomer irjecticr irn terms of the
core coclivng and evertual querching. Note, that switchirng to
the lower nlernum ECC water irjectior essentially eliminats
effects cf the dowrconer flow prercmera and, to a great
extert, of the irte hase mass trarnsfer effects.

Rlthough the latter tests have rct beern dore with the
sivultarecus 56 tube rupture, the results are representative
irnn terms of trne influerce of the flow corditions and inter-
ohase mass transfer phercmera in the dowrncomer regiorn orn the
core reflocd.

se#END OF FODOTNOTE®es

Finally, it should be noted that although the burdle
teated lergth was smaller thern irn the prototype (1E8 cin vs.
SEE cm), the linear power dernsity in the experimerts was
preserved. In the S~28 series, the value for lirear power
Cersity was approximately &1 kW/m. It can be expectec that
shorternirng of the heatarg lergth will result irn a guicker
quench. This, together with the fact that the burcle power
ghould have beer 1.9 MWt in order to agree with the volune
scaling (it was about 1.4 MWt in the tests), will bring

arcther degree of urncertainty in the i1ssue of extrapclatiorn.

3.3. Iypicality of the Mog-~1 S-28 Test Series.




It has beer ewphasized ivi all reports orn thne Semisca.e
Mog=1 experiments that the tests have beern cocrceived primarily
&S a Oata base for the nuclear safety code assessmernt
applicationi. The authors caution the potertial cata users
from direct extrapclaticons of the results cortaired in the
reports to full scale [1,5,8]), With this irn mirnd, we cornsider
below & few 1ssues related to typicality of the S6 tube
rupture series of experimants. The typicality in this context
refers tc accuracy of the real reactors' comporents
represertation as well as of the sceraric and bourndary

corditicons modeled ir the experinmerts.

r
[ &]

Purmps Rurraing

As it has beer merticred earlier, the intact lcop RCP
i1s left running at 1470 rpm thus providing positive driving
force for the steam or two-phase flow. At the same time, the
broken loop RCP is wmodeled as a4 passive ™esistarce comporernt,
There is no clear Justification for this dxffurcntz.txon.ln
representing the intact and broken loop RCF's behavior., The
potertial effect of this sceraric selectiorn 1s a loss of
typicality in the plant represertation. It also provides an

additicoral driving head for reflcocod which car erharce core

cosling and bring the core PCT down.



Ore ¢f the system's distributec variacvlies most
important for the reflccod progression during the trarnsiest 1g
the pressure distributicor irn the »essel; this pressure
distribution cortrols the water flow from the cowncomer region
through the lower plerum ivnto the core. The reflood draivaing
pressure head (RDPH) i1s defired as the differerce betweer the
sum cf the ccld leg pressure and the dowrcomer water static
head, and the sum of the upper plenum pressure ard the core
static head. It is this pressure head irn the vessel what
affects the core inlet flow rate.

There are mary system modeling parameters which
control the sign arnd magnitude of RDPH. However the two major
cortributers to RDPH are the hydraulic resistarces of the mair
circulation pumps arnd the primary sicdes of the steam
gererators.

Following the facility desigr, it shoulc be expected
that the steam generator ard pump simulators (which are
passive resistarce devices irn the tests) should have hacd the
hydraulic resistance rire times bigger (9:1) than the
correspording values for the explicitly mocdeled steam
generator and pump in the irntact loop (we refer here to the
locked-rotor resistarces of the RCPs). This resistarce
Cistribution follows from the fact that the intact loop in the
experimerts 1s actually modeling three irntact lccps of the
real system which implies that the flow rate through the
test's irtact loop primary has to be equal to three guarters
of the total core exit flow.

In reality, however, the ratics betwaer the



corresponding resistances wers &4 to 1 for the steam
pererators arnd 41.% tu 1| for the mairn recirculation punps &
the broven ard irntact lozps, respectively [(1). Thas
gistortion, together with the fact that the irtact lcop pump
was left on rurning throughout the trarnsient may contribute
sigriaficantly to the urcertainty irn extrapolatirg the results
to & real PWR., From the gqualitative point of view, an inci'ease
inn the broken loop resistarce carn lead to eleveted values of
the upper plenum pressure and, consequently, tc a celay of the

reflocd phase.

2.2.2 Tiwe ¢f tube rupture,

Time of the tubes rupture occurerce 18 ancther
parameter which irtroduces uncertairnity in the Mod-1 tests
scerarics., The results of the rupture timing sensitivity stugdy
showed that the time of initiation of the nitrcgen irnjectiorn
irte the intact loop ccld leg was an equally (i f mot more)
important parameter as the time of the S6G rupture i1nitiatior.
Arcther differentiating parameter was the €6 flow rate.
Figures 6,7, and & show typical cladding temperature
histories. Rlso, & large scatter in the measured PCTs was
chserved even within the same rarge of test parameters and
timirg of the boundary conditions events.

Arcther issue related to typicality of the experimernts
18 the choice of location of the tube ruptures: intact vs.
breokern loops. Although the latter choice should be less

imposing 1n terns of the steam binding, 1ts corseguernces have



to be irnvestigateo,

4. Sivple Cealculaticor c¢f Reflrcd Delay,

The semisce > tests have shown that when the steam
tube rupture cccurrs uring @ large break LOCA, the course of
the trarsient is zigrificantly influerced Ey the riumber, time
érd locatiorn of the tube ruptures. The semi~scale facility has
beer. cesigred with many scaling compromises so that only
Qualitative conclusions about the course of the trarsient ard
the dominant phencmena carn he made. However, evaluatiorn of
results of the semiscale tests alorp with the available best
estimate code calculatiorns for the large break LOCA car help
to estimate limiting values of the impartarnt parameters such
4s critical number of the tube ruptures ard the consequent

peak clad temperature ir case of a full-scale plarnt,

It is generally understocd that if there exists any
Possibility of steam tube rupture during a large break LOCA,
it is most likely to occur guring the refill or reflocd stage
of the trarsiert because of the mechanical vibraticorns induced
by condersation. The number of the tubes ruptured at that tine
car significantly affect the trarsient progressicri.. The
€ritical number of the tube ruptures is a furction of the
Quality and flow rate at the location of tube break, ard the

Capacity of the heat structures ir the upper head ang upper



plerim, The heat stoered i1rn the structures will vapocrize tne
liguid coming into the vessel from the SG-secondary through
the tube Oreaks., For the currert estimnate, 1t 1s assumed that
the tube breaks occur at the erd cf the refi1ll stage; the
plart conditions at that tine are taker from a previcus best
estinate calculation (Rohatgi, 138&) for a Westirghouse four-
loop PWR. The ernd of refill cccurred at Z9 secords 1n that

calculatuion.

4.1 The Critical Number Of the Tube Fuptures.

The flow rate Yrom the steam gereratcor secondary side
to the primary side 18 estimated using the subcocled critical
flow date. This approach 1s used because the secordary side
has subcocled liquid; possible cverestimation of the break
flow rate is expected to make these calculatiorns more

corservative. The flow rate from core tube 1s

Wtube=ReGerit,

where Borit 1s given as

The flow quality of the two phase mixture coming from

the break i1s esimated from an isentroplc exparnsion from the

secorndary side liquid conditiorns to the primary side

conditions.

we (Hliq, sec~Hf , prim) /Hfg, prim



lpl

The amount of ligquid reaching the upper part cf the
vessel from the steanm gerarator secondary per tube 1s given

Wtube, lig=Wtube® (1-x)

The critical rumber cof the tubes will ceperd uporn the
heat capacity of the structures irn the upper part of the
vessel that provide heat for evaporization of the irncoming
liguid. The heat structure corditions such as the teperature,
surface area, ard the heat transfer crcefficiernt are taken from

the previous best estimate calculation.

O=RhtsteHs (Thtat~-Tsat,prim)

The number ¢f the tubes than can be esimated from O

and Wtube, liq as

N0/ (wtube, ligeHfg, prim)

Here N is the rumber cof tubes whose liguid porticn of
the break flow can be vaporized by the hest structures. For
the larger riumber of the tube breaks the excess liguid will
Just flow dowrn Iin the core region and assist in cooling the
rodsy for smaller rumber of the tube breaks the heat stored in
the structures will vaporize all the liquid and, possibly,

superheat wvapor,



This aperach was applied to a wWestirghouse four-lcop
plart, where the tctal area cf the heat structure surface 1ir
the upper part of the vessel is about 350 mS., The heat
structures and the saturation tempe-ature irn the primary sice
were assumed tc be equal to SO0 K and 410 K, respectively. The
heat transfer coefficient for film boiling was 3000 J/M2-K-S,
For the calculaticon of the break flow from the tubes, the

assuned secondary side corditicons where as following:

Tesec=230. K
Psec=%7.1 Bar

At ube=0, O001BEZ M2

The critical number of tubes predicted following this
apprcach was estimated to be €, which is clouse to the
semiscale result. However, 1t i1s coincicdertal as the semi-
scale facility is very atypical. Furthermore, the critical
number of tubes will strongly depend upon the location of the
breaks since the steam gererator secordary side has a large
variation of the fluid conditions and the amount of liguid per
tube coming into the primary side will be very differernt. Feor
brearks at the tcocp of the U~tubes the liguid flow through the
break will be smaller and so the critical rumber of tubes
will be larger. It was alsc assumed in this calculation that
cnly the fluid from cre side of the break will erter the uoper

part of the vessel ard that the fluid will not acqQuire any



reat frcw the hot leg walls.

4.2 FReflccd Delay.

it has been showr in the previous discussion that the
stean generated in the upper part ct the vessel terds to
increase the pressure which impeaces the liguid flow into the
core. HMowever, if there is ercugh liguid in the cowncower SO
that the hydrcstatic head can covercome the pressure in the
core/upper plerum regicrn, reflocd will begir. From the best
estimate calculations, the equivalent loss coefficients for
the total fluid path from the vessel to the lcocp breaks were
estimated and used to estimate the break flow. The upper
plenum pressure was assumed to stabilize whern the steam

‘ generaticr was egual to the break flow, This is conservative
és the reduction irn the steam gereration due to the structures
cool~cowr and alsc decrease in the flow from the seccondary
cide to the primary side due to the decrease in the pressure
drop has not been accournted here.

Two differert times were computed. Firstly, the time
needed to fill the downcomer was computed assuming that only
three cold leg injection flows were coming into the downcomer
ard that Z0% of this irjection was leaving through the break
és was predicted in the best estimate calculation at 39
secords. Dimernsicons of the vessel, downcomer, and upper part

ef the vessel were corresponding to the Westirnghouse plarnt:



Voluwe of Vessel: 182.5 mi

Volume cf the Dowrcomer: 16.8E& ml

Volume of the Core: 41.€£3 mi

Volume of the Lower Plerum: Z3.&8

Dowricomer Height: S.€4 m

Loss Coefficiernt from Upoer Plerum to Break: 1€.0

Total ECC Flow per Loop: 1€8.8kg/s

The larger of the two calculated times was selected as
the delay in reflocd due to the exra steam gerneratior. In the
presert calculation the larger time pericd was B4 secords.
This can be asssumed to be the time by which the clad
tenperature turr~arcound will be delayed., Figure ... shows the
clad temperature for the hot rod as predicted by TRAC-PDE
(Rohatgi, 1986)., The peak clad temperature cccurred in the
blowdowrn phase and the temperature tyrn arcurd tock place
arournd 0 sec.rds due the flow cscillaticons at the core irnlet,
Iri the present estimate, this temperature turn-around in the
refill phase will be neglected, ard it will be assumed that
the cladding continues to heat up at the rate predicted prior
to the turrn~arourd. Figure shows the clad temperatures for
middle locations as extrapclated up to 84 seconds beyond the
end of refill phase at 29 sec.rds. The peak clad temperature
in the reficod phase as estimated here will be EZ% K which is
still smaller than the upper limit of 1478 K (2200 F) set in

the Apperdix K of 10CFRS0,

Fased or the simple and corservative aralysis it can



be corcluded that within the assumptions applied in the mooel

describer sbove, the peak clad temperature for a large breas
LOCAR coupled with steam gerneratcor tubes rupture will most

likely be below the 1478 K limit suggested ir Rpperndix M,

The bottom line of the evaluatiors of the semiscale
experiments was answering the guestion whether the rate of the
tteanm leaving the upper plenum and the phercmera cortrolling
this flow rate are represernted (scaled) adequately. These
phenomera contreol the upper plerum pressure, and thus the
steam binding due to the rupture flow injection,

The experimertal curve showirg PCT as a furction of
the equivalent number of tube ruptures (Fig. 9)

results from & superpositiorn of effects of different
modeling features: scaling, test facility geowetry and details
in comporert represertatior, and a rumber of sceraric and
boundary condition choices. Presence of the modeling
etypicalities pointed cut sbove makes it gifficult to
confidently extrapolate the conclusions based on the semiscale
results (at least in & quartitative serse) to the real PWUR
Systens. Riso, it appears not attainable to quantify a large
rumber of competing effects leadirng either to ircreased or
decreased measured core PCT during the experiments.

It has to be pointed cut, however, that the data
obtaired in the Mod-1 §~28 series of experimvents still car be

used for the code assessmert purpcses as 1t has besrn interced



by the test desigrers. Urnforturately, the tube rupture
experimerts similar to the $~28 series have rot beer performed
at the more accurately scaled Mod~3 test facility (see for
example (B, 10~-111J.

An alterrative way of adcressing the SG tube rupture
sCenario would be to first assess & PWR safety code (TRAC, for
example) using the experimartal data from selected series cof
the Semiscale program tests and, provided that the code is
found adequate, to rur the assessed code 7or the LOCA arnd SG-
tube~rupture scenarios.

The simplified corservative estimates of the reflocd
celay have showr that within the assumptions applied, the peak
clead tenperature for a large break LOCA coupled with steam
gereratcr tubes rupture will most likely be below the 1478 K

limit suggested in Appendix K.
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