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'lDear Dr. Tong,

referring to our good information exchange since years we would like to ' inform
you about some of our research results obtained after shutting down the
official collaboration in BWR-Pressure Suppression System Research. Based' on '
cur experimental ' findings we elaborated possibilities of improving the stable a

condensation in the case of low steam flow ' rate e.g... as Light occur . during
small leak events. ' This ' ef f ort included ~ mitigation of dynamic load to the
structure by the so-called chugging events. Enclosed please find a copy cf a

,

paper presented at 7. SMiRT-Conf erence in Chicago summarizing some .of these
results. More recent ' findings, incorporating results from tests with collar, {nitigators at all vent exits were presented at the European Two Phase ~ Flow ' '

meeting. A copy of this paper is also enclosed.

The encouraging results lead to considerations of applying similar methods of ;

self stabilizing geometry to the GE-Mark III-PSS. A proposal of modifications
is given in figures attached to this letter. We 'think this mitigating
capability would be of some interest to you, although PSS-behavior and designw

are no more a crucial issue. /
.

Sincerely y /,
<

>

5, ,
-

A[
s

/v /1-

Prof. Dr.-Ing. Schulthei\s Se- r'
\ . .

.'
,

encls.

i

cc: Dr. T. M. Lee, USNRC (Div. of Accident Evaluation) !

Mr. McIntire, GE
Dr. Loewenstein, EPRI

i

P.S.: Please transmit the attached copy to Dr. Lee.
x'

4 n.chtsfo,m- c.s.usen.n mit e.sen,anue, s.nung. s.ta in s mou,,, Amts,.,,ent H.mnura nas ress t.. , ri.s institut. ter Ani. ..t.cha ie"

Vorsitzenderd Aufsichtsrates Dr W-J.Schmidt-Kuster.Geschaftsfaheer:Dr.Enchsch:oder.Dr ClausWaldheer Dr. Ing. H..G. Schafstait, Dr. Ing. O.F. Schultheess' | 8712110130 871203 " '
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: Experimental Results About Dinamic Loa'd Mitigation for BWR-Pressure
Suppression Containments Under LOCA-Conditions

E. Aust, G.F. SchultblisL D. Seeliger
lastuutfGr Anlagentechnik. GK55 forschwntnentrum GmHl. Postfach 1160. D4054 Geesthacht. Germany

E.W. McCauley,
Unnersary of Cahfornia. Linrence Lhermore National Laboratory, P.O.

Box 808. Lnermore, Cahfornia 94550, U.5 L y

. |

S m rv

' CK55 is currently conductkng a pressure suppression research program in a large scale g,

three-vent-ptpe ecnfiguration, medeling ma in features of West German and United States
swa. pressure su;;ression containments.

| The digital data and visual data f rom high-speed f Alms of this experimental work. has .
-

i
le1 to an t= proved understanding of the physical proveases 1,n a pressure suppression system )

.

(PSS) urider loss-of-coolant-sceident (1,0CA)-conditions and prov1ded basic inf ormation about I

the tnfluence of key p aramete rs on the PSS-function as weil as knowledge about the

reproductbtlity of PS$+pnencmena. The experiments have demonstrated, that in addition to j
1

re is tive ly araa ll cyclic loads, the process produces ve ry dynaatc. periodic, stema i

condensation loads with characterf atic impulsive pressure peaks, termed chugging.

An important engineering aspect in the ongoing prcgram has been the studtes into the 4

pctential f or estigation of such d ynamic loads. Two main areas have been investigated,

| ther .cdyna=tc ef fects a.nd hydrauste influences. Significant changes in load magnitude were

| obtained by varying pool temperature and pool bacit-pressurer in particular, an increase ,tn

instaat pool te perature or final pool bacit-pressure was found to reduce the dynamic loads.

| A distinct attenuettoa of pressure amplitudes during chugging was also cbtained by &nject.

ing a a r in t o the vent pipe, in the range of 1 t of the steam mass flow.

Study of correlated 4tgital and visual dats has clartf ted tnat the chuggtng process is

initiated vitain the vens pipe near the exit, and occurs due to the implosive dynastes

f 8110 wing the sudden condepeation of the steam r ang within the pipe. 8esed on this under-
standtag, the most successful chug-related load reduction has been obtained by various

81:ple geometricu t changes at the went pipe exit. The first type used a f ull radius collars *

!'+v| ~

e limina ted. AbY ccdif ica t ion of the fluid flow at the vent pipe outlet, chugging was

secard gew.etri.:a1 citigator type used a f ull diameter, 45 '-exit cuts this , construction q
sadifies the mass f lus to coopietely avoid the c hug gir.g regime and its dynamic puls es . )

Wese g eome t r ica l satigators, in context with actual power plant cons t ruction, offer the

j possibility to further anerease the safety margin of both present and future nuclear plants
| *tch use pressurs iup;ressaan contair'oents.

|
i
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1. I ne tuiuct ion

De CL55-Forschungssentrum is currently c ucting a test program of applied research

on a multseent B.1t-related pressure suppression system (PSN.' Main subjects of this reactor
saf ety semearen p-ogram are to clarity the pnenomena of pressure supprees ton processes end

~

its dynamic loads, to provide experimental data for computer code vertfacetton, and to

develop appropriate methods to reduce dynamic loads.

pipes 'trag. 1) simulates large scaleThe CKS$ test facility with its three vent

14CAaconditione f Or both the German WWU type-69 and the United States G.E. MARK 11-Contain-

ment designs. Plant-1the key values of this f ac titty are vent pipe diameter of 0.6 m, vent
pipe submergence of 2.8 m, and a pool area per vent pipe of 5.4 m'. Steam providad by a

flash' boiler produces mass and energy relea4e into the system to develois realistic pressure
and temperature transtants during loCA-siculation /1/,

Stace 1979 30 experiments have been conducted. These haya provides a deep understand-.g
ing of the physical processes in a PSS and improved knowledge about the P$5-f unction which
results from va rying system parameters such as mass and energy release from the steam
supply system, pool back-pressure, pool start-temperature,, and went pipe submergence. In

| addition, clarification of the . probabilistic nature 'of PSS-phenomena has been obtained by
repiteataan tests /2/.

An essent tal goal of the ongoing program was to develop, by study of tne test data,
pssible and appropriate methods usef ul to mitigate dyn amic loads.

2. Imrtment al reno tt o on dwaeie Icad 19tt icat ion

So methods for load mitigation were founds the first acts <*1rectly on .the pressure !

suppression processes and the second was developed by introducing simple geometrical cMnge
n.n the vent pape exit construction.

2.1 Maele load reduct ion by rrocess enq t neer tne t-ethewSs

From study of the in!!uence of main parameters on the pressure suppression process,

the pool s ta rt . tempe ra tu r e and pool back-pressure were identified as being of major.
toportance f ar load reduction. Main results obt ained free increasing the pool

s t a rt -t es; sature over the range e,f 25 to CD *C were a clear reduction of ' pressure

a=pittsoes during both condensation oscal'etion ico)-stage' and chugging-stage. The-

influence of pol back-pressure was studied by varying the pressure in the range of 1 to

3 bar, obtained af ter air-ca rry-ove r is finished. Test results clearly showed an ef fective

decrease tri pressure amplitudes with increasing pool back-pressure /3/.

In all tests the vi s ua l data, taken during the CO- and chuggtng-stages, using ,

'd high -s;*ed- and TV-came ras , ha ve shown that the pool water contains a large population of
aimall att bubbles, vented from the dr7well into the pool. This dispersed air has a la rge

*
damping effect on transmitted pressure amplitudes, seen by ccmparing the amplitudes free

the vent pape exit with those f rom the pool boundsry at the wetwell walls. To cAnance this .

J

da= pang effect, at t was anjected near the vent entrance during the Co- and chug-phases into |

one and r,oset ares anco two vent pipes, ist the range of:) % of the steam mass flow. The

result of this active load reductson procedure was a dtstinct attenuation of pressure

Iatplatudes during chugging /4/.

I

1
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' 2.2 DvmM c lead rehetica Pr eco-*t rica l mat Ws {

correlation of the optical data obtained f roh lOOd f ra=e/s high-speed camera records. I

with thi pressure and temperature signals led to an improved understanding of t.he general
phys ica'. zechanism of chuqques this pnenomenon mostly appears in a stage of periodic steam
= ass flow snside the vent pipes with flow rates"of. about to ' g/m .s. Chugging is mainly in-8a

'' aced by the raFtd collapse of a steam annulus inside the vent pape emit 'at the end of the f
7ftwrtodic steam flow, preceeded by the condensation of in-pool steam with ' low pressure

eset1.ation and vent accourtic f requency. The stese annains collapse gives rise tc a strono
posttive pressure peak, followed by a ringdown charactettsttc with the . fundamental
frequincy os t%e pcol-boundary system /5-6/. The steam annutus formation instde the vent .

pipe exit seemed to be caused by the sharp edge of the pipe emit acting as e ORDA* mouth.
jThese find ugs let to a gec,oe t ric a l sitigator cons t ruct ten consistmg of a
|

*M large-raJaus outlet collar at the vent pape exits the . purpose was to initiate attached
beca flow of the pool water into the vent pipe in order.to avoid the steam annulus stage -

'hwith its resulting sharp pressure pulse. This construction was tested very successfully as
1

shown in rig. 7 avr.1 3. It is of i=;crtance to note, that in this test only one vent pipe
had the outlet collar. The resutt'was that, while the other t ,o vent pipes, with their
no rmal outlet, produced the well known chugg ing-phsnocena , no chugging oct:urred at the
sodified vent.

Another geometrical mittgator construction, even more sh cessfully tested, worked with
a 4$ *-east cut. The static pressure dif f e.;ence along the diagonal exit cut caused a cross
flow of water and steam watt. a very intensive steam condensation and manture of condensate

and ;ool water. Most i=portant was, that the 45 *-cut not only provided a.sontinuous steam
f 3cw path f rom the vent pipe to the pool but, also developed a very distinct self-regulating
e*!ects less steam flow, less stese flow area at the entf., especially during the expected

tue of t*.e chuqqtng stage with its low mass flow rates. With this construction the two
| other vent pipes re ained closed and all chugging was eli=inated.
1 Calculation of the steam c. ass flow rate through the 45 *-cut vent pipe indicated that

the erttical v.tue for chugging (atout 10 kg/m8*s) was always exceeded at this vent pipe

esat. Test resuits clearly sh;wed that this mitigator co=pletely avoided chuggtag and, as
ihoe in rig. 2 and 3, gave siff..tiscant load reduction.

An additional effect of the dynamic load attigation is shown in Fig. 4, where the

lateral vent loads at the vent pape exit, during a chugging-event, are presented. These ..

fcrees were measuted by s t ra in gauges positaoned at the outside wall of each of the
traceless vent pipes. It should be noted that during a chuggmq event in the standard e

.gg
ecndit ion test "' the first strong force peak corresponded to ,the collapse of the steam
ring annulus insade the vent pipe. This load caused each of the submerged vent pipe ezits
to oscillate in a elliptic r.annes with their characteristic resonant frequency.

The test with the 4 5 * -out le t cut vent pipe has shown tnat durtng the time for

-]| cm.g;mg, only td, cut vent pipe was loaded, while the other two vent pipes received no
erttataan f rom the condensation process. It is interesting that there was no pref erred

DEctilation direction of the cut vent pape, . tor example perpendicular to the 45.*-outlet

en area. *he vent pi;e wit.h collar developed no oscillation f rom chugging induced lateral
forces, wnsie the two other vent pipes exhibited load induced oscillations cos:parab.le to

J|

| |

| '

1 ;
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the situation in tna standard test Mt.

3. cenetussens
~

The highly efficient optical sys'tems used in this experimental program has a llowed j
detailed observation of the wetwell pool scar,s These optical data, when correlated in time

with pressure and temperature signals ,' have made it possible to "see* what happens in a

PSS-pool under thCA-c ond it ions and to ccia an an improved unde rs t and tng of the d ynacle
physical processes, their related phenomena, as well as the induced dynamic loads. Based on
the deep instghts obtatned into the general mechaniss of the r?.a l-d ynamic and-

thornal-bydraulie phenomena at the vent pipe exit, a goal-oriented development ceuld be
'

inntrated to produce an ef fece.tve and simple geometrically based chugging-=stigator, which
.

co=pletely avoids dyneetc loads.
.,

ne collar- and the 45 *-outlet cut-mitigator Present the successful closing of this i

development. Because of the simplicity of these ef fective constructions, their application

to both present and f uture BWR-pressure suppression containments may f urther enhance the

W safety margin of this mportant reactor safety barrier.
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O DIGITAL DATA ( p, Ap, T, F, e, H, rh )
-
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- 8 ANALOG CHANNELS (40 kHz PER CHANNEL)

- 64 PCM CHANNELS (1,7 kHz PER CHANNEL)'

- 128 DIGITAL CH.ANNELS (25 Hz PER CHANNEL)
,

| O vlSUAL DATA (PIPE EXIT, POOL SURFACE)
.

- 3 TV-CAMER AS (50Hz,625 SCAN LINES )
.

-

1 HIGH SPEED 16 mm-CAMERA (1000 FRAMES /5.),.

-

OMASTER CLOCK !'

I
- COMMON TIME LINE FOR ALL DIGITAL AND

i
VISUAL DATA '
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O CHUGGING EVENTS OCCUR LATE IN THE
2LOCA LSTEAM FLUX < 10 KG /M 3)
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O CHUGGING HAS A' CYCLIC NATURE
( ABOUT 0,25 Hz )

4

u

OCHUGGING EVENTS ARE CHARACTERIZED.

BY FREQUENCY AND PRESSURE !
-

VENT PIPE ACOUSTIC (12 AND 17 Hz:)
.

!

- POOL / SYSTEM RINGDOWN. RESPONSE c

(ABOUT 38 Hz) w.
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- RINGDOWN INITIATED BY- A SHARP !.
CONDENSATION INDUCED R AREFACTION I
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O CHUGGING EVENTS ARE 'CHARACTERIZEDLBY PIPE

.0UTSIDE AND PIPE INSIDELCONDENSATION 1o
-i
j'

O PIPE 0UTSIDE CONDENSATl0 Nils PLUME- LIKE 1

- A SMOOTH STEAM CONDENSATIONJPROCESS- .

,

WITHOUT A TRUE IN-POOL STEAM " BUBBLE"
,

l,

- SOMETIMES ACCOMPANIED BY VENT PIPE .

.

ACOUSTIE FREQUENCY- ,

a
' j,

O PIPE INSIDE CONDENSATION 15 RING -LIKE !
u

- RETREATING STEAM FRONT FORMS A STEAM. I

RING INSIDE THE PlPE EXIT w|
|
3

- CONDENSATION 0F THE STEAM: RING PRODUCES'
~

!
.

A. RAREFACTION AND A PRESSURE -PEAK- ;

- PRESSURE PEAK INITIATES POOL / SYSTEM )
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RINGDOWN RESPONS.E
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| A STEAM RING COLLAPSE INSIDE THE . VENT PIPE !
'
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'

OSTEAM RING FORMATION IS CAUSED BY THE I

SHARP EDGE OF THE VENT PIPE EXIT
1 '

OTHE VENT PIPE 0UTLET ACTS AS A WELLKNOWN
FLUID CONSTRICTION , i.e, A BORDA-MOUTH

|
OPROVISION OF A FLOW SMOOTHING OUTLET COLLAR

INITIATES ATTACHED STEAM BACK . FLOW i

WITHOUT STEAM RING FORMATION !-
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a PHASE FLOW' INTERACTION -
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"

O.THE COMPLEX CONDENS ATION' PH$ NOMEN 0N -OF

" CHUGGING" CAN BE REDUCED T0 THELESSENTIAL:

PHYSICAL MECHANISMS
,

OTHE INSIGHTS INTO BASIC CHUGGING FEATORE51

ALLOW DYNAMIC LOAD MITIGATION .J
i
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