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PROCEEDINGS 8:30 a.m

CIHAIPMAN PLESSET (presidine): ™ell, let's reconvene
and continue the discussion that we were havinc yesterday.

Dr. Bush raised a cuestion to which I don't think an
adermate answer was given. And I ¢hink this is brought up
again by him and Mr. Ebersole.

"e've heard a lot aboutr the possikle damace to the
ariil and the floor, and so on, but more important is the pcs-
sible darage to important equipment that's beinoc supported

there,

Now I don't think we cot an answer to that. O©f
course the reallv imwortznt ecuipment has to do with capability
of shutdown. So could vou sav a vord about that, Jack? Has
that heen looked at carefullv? Or wvhoever has looked at it.

e don't care about the walks or the floor. It's the equip-
ment that's important. '"7ill it fall dowvn in the pcol? ™Will
it get amaged?

“R. KUDRICK: e have just become aware of the decreeq
of the problem rather recently, so we really haven't delved in-
+o0 exactly what equipment is located on the orill as opposed
to the concrete, ani what tvpe of damace would occur if %he

loads were exceeded on the gratinc.

e have asked that question toc !lississippi Power and

Liaht, and I believe they are lcokinc at it. I don't knew if

they have any additional comments that thev'd like to share
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The questicn is what type of equipment is located on |

or around the jratinc 5€ Grand Gulf.

1m”m

CHAIRMAN PLESSET: Ccrme up and use the mike. ''e wanJ

to get this on the record.

"hat we want to know is will this equipment survive?

MR. RICHARDSON:

and Liaht.

An the hvdraulic control unit floor, the grating por

John Richardson, 'isesissippi Power

IS, S S-S e e

ticn ie primarily instrument control racks, some pipinag and

valves, control hvdraulic svstem,

the hvdraulic units for the |

€low control valve for recirc svstem. DBut primarily the instru-

mentation and control racks are on that floor.

loads.

And the panels and racks are desicned for the impact

CHAIPMAN PLESSET:

Well, ves, go aheaa. This sounds

{
|
|
|
|
|
|

|

like very inportant information, and it's not clear to me that

vou can tell us with assurance that it would survive.

assurance can you give us?

more gereral acquesction.

day.

You want to add o that, Trank?

DR, BUSH: Well,

I'll let him answer that.

And I'll wait until we acet this in.

CHAIRMAMN PLESSET:

S50 ahead.

All right.

tThat

|

|

I have a |

I'd like tc rephrase what I said yester-



10

n

12

13

14

15

16

17

18

19

21

23

24

1%

MR. RICHARDSON: Okay. I'm not prepared right now |
to tell ‘ou specific requirements. I can find those, the re- :
cuirements that we've iroosed on that ecuipment, the desion |
criteria for the hydrodynamic loads.

CHAYRMAN PLESSLET: Go ahead.

MP. ERERSOLE: You say that the eruipment has been
desiagned for the impact loads. 'Jas the ecuipnent put there
originally with the thought in mind that there wculdn't be any
irpact and such thines, and now vou have sort cf patched it |
over hv putting barriers or screthino up?

MR, RICHMARPDSNN: I don't -- '

“PR. EBEPSOLE: ''hv doe: the ecuirment have to be
within rance of damace of scmething like that? hy can't it |
be moved to a safer nlace, free from all the worries about the?

variability of these thinas like foam velocity and impact 1oad%
MR, PICHARDSON: T don't know the exact histery of |
|

why it was put in that area, and if it was desioned there withs

|
|

|

sut ¥nowladece of the fact that, you know, there would -« the

imnact loads, etcetera.

I wasn't around then. l'ayke °L could address the

philosophy beliind that.
CHAIPMAN PLESSET: Okavy.
", SMITH: My name's Al Smith, from General Elec-

tric.

Nne of the reasons that the instrumencaticn is |



10

n

12

13

14

18

16

17

18

19

21

23

24

174
located at that area is to maintain the proper criteria for
tre instrument line slope, and given that penetraticns exist
in certain areas, there isn't much flexibility in movina the
instrumentation ¢to another area. .Sa that wvas one of the major

ericeria, and it doesn't allow us too much flexibilicy.

cfame 0f +Fe instrumen+tation, essential instrumentation,

hae heen removed from sore of the racke and put out of cthis

area of irpincerent. There rerains however scmo inst: imenta-

|
|
{
!
|
|

¢ion and some racks that we co.ld not move hecause of the slone

criteria, ard so therefore other cfrmes of nrotection have been

looked inte, such as deflector shields, cthat type of thinc.

"2, EBCPSOLE: 1'ell, the instrumentacion can Le

|

broadlv put into tvo classes: Those that shutdcwn the reactor;

in cthe minutes lock shutdown, and so they can he damaged or

i
whatever af&er that:; and those that have tc sustain some active

functicn bv heinc enerqgized or otherwise actively supportinc
the operation.
This latter class is the critical class, the ornes

that have to oo on and on and on. The first can scmetimes do

whatever it has to do, and then be considered as having perforwe-

ad i1ts function, and be suabsecuently darmaced, Is it the second

kind that ve're worried aklcut here?

I
I
|
i
1
1

|

|

MR, SMITH: e are concerned with the type that must

parfcrm its action or monitcrinc functicn durine a LCCA and

rost-LOCA.

|
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MR. EBF®SOLE: Pest~LCOCA.

C AIRMAN PLESSET: Spence?

DR, DUSH: Yes, Let me rephrase ™v concern or nmy

interest at lesaet rore cenerallv,
We're talving of a spectrun cf lecads. I would clas-
i€y sore ¢f them ae [Leinr relativelv incensecuencial, bns I
would =av chers are a few others that are significant and are
still under neqotiacion, so they have a fair pessibilicy o€
moving up in value. |
I have a concern that acain can he dividasd in wwo
parts, once we stablize what lcads ars to be used. L
The firet is will the loads r-ve an adverse effect
on structurss. MNow if a load sirply cracts concrete, and you
haven't lost the functicnal capabili¢v of ecuipment that's sit%
tino on the concrete, hecause this is a folded ccndition, I 1
can't get too concerned. |
llowever, i€ there are loads that will either damace |
platforms and in the process essentiallv have a hiah probarili;y
of renderinc certain equiprent nen-functicnal, then I think é
that's very important. |
I think we have to look at it on the basis that undsf
dynamic loads and a one-shor folded condition, we do a realiscic
analvsis for those conditions and establish the response cf the

struveures “hemselves, and in the process, if chat response is

adverse, we have to loock and s2e at the next step, dces it
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result in the damage of ecuipment -- and in equipment, I in- |

clude pipina, etcetera -- that have to provide a vital functici
with recard to the shutdown, shuttino down the reactor or foldf
ing it down.

That's really the bottom line. »nd we can talk all
we want to about loads. DNut our concern, ultiratelv, shbould
he can that unit be -- assuminao we have such and such an acci-:
Aent -- can it te held down, and so e minimize any furcther |
effacts? And that I think is what ve have to address hers.

low I won't get into the arcumeprt of whether some
of the loads are realistic or not. That's another matcer.

But T think once there's a decision made on i%, then the ana-
lyeis has o be on the hasis of those particular loads. And
T don't think it's been done. ;

CHAIPMAN PLESSET: 'lell, I don't think we can cet aﬂ

answer to these questions. LCut as you can see, they're reallyi

|

vital cnes. "'e don't care about the concrete walks or the
|
arills. Dut we do very much -- we are very ruch concerned

with these matters that have just been brouaht un.

!
|
|
T think o0f course we have aot to know what the loadsl
u

are before we can tell whether the instrumentacion will sur-
vive. 2ut we'd like to see this thing emphasized in the study.

Nkay? g
UR, XUDPICK: Ve definicely share your ccncern,
1
CHAI®MAY PLESSF™: All riakt. VYes, I'm sure, Thank
1
i
|
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And we 11 go back to the recular agenda. Jack, vou

want to take over?

DR. BUTLER: Letx rme just add one point on that.

I don't believe we have yet crossed that threshold |

of eivine up on the orates. 'e're still workina to make sure

that the nrates stay in nlace.

e will be lookine into the effect of -- if these
loads in fact exceed the canability of the crate, then what
ar2 the conseaquenc=s? But we are still lookinc towards assur-;
ine that the loads ars within the carabilitv of the rrates.

CPAIPMAN PLESSET: Okay, trat's all righc. "e den't
mind that. Tine, thank vou.

DR. ZUDANS: Alonag those same lines, just a couple
of remarks?

CHAI™MAN PLESSET: Okav, not too long, bacause I
thin¥ thev've cot the idea.

Cc ahead.

DR, ZUDANS: It's just an addition to the same thingl.

T think it weuld be imporvant to calibrace chese
loads in terms of treir imnortance. Some of the loads have nd
notential of damacinc anythinag, the others do.

And that's what one would likes tc sse.

CIIMLIRMAI! PLESSET: Yes, okav.

Jack, back to you.
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MR, KUDRICK: To continue on with our scheduled '
agenda, I 'ould like to introduce Dr. Gecrge Bienkecwski, who
will be presenting the struct.rz of submerced structure drag
loads orn both the aszneric aspect as well as Grand Gulf speci-
fically.

ile is a Consultant from Princecon, and has worked in
this particular area for bheth tle Is and IIs.

DR. BIENKOWSRI: Gocod morninc.

(Pause.)

I thought T would put up a slide just giving an over;
view, which T think summarizes partly my feelina cn the subject.
There is nct a lot of controversy left in this area. I <chink
the reascns are falrly clear 'hv. E

One is that I think unlike some other issues such as!
€N and chucaina, where che phenomena themselves are not clearlL
understood, one ~an have a lot of ccntroversv about what data
one should use and sc €orth. |

llow clearly submeraed structure loads asscciated
with CO and chugging have those same cuestions associated
with them. Dut as far as the issue of how cdoes on2 compute
forcesz on an object, given a flow field, theres are still some
cuestions assoiated with mavbe what kind of flow field one
should be takina data from, but the the phencmencn is at leasﬁ

reasonably well understood. So I think that eliminates some

of ¢the rotential controlversv.
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For those of you familiar with the Mark I and Mark

" IT historv on this, I cthink it's a little bhit -~ 'ark III has

some advantage here that one looks at the pool, it's reIAtively

less cluttered in the area of submerced structures that could 5
i
f

suffer due to LOCA bhubbles and sc forth.

The oth-r part is that we also have had the history
0f the varioue concerns on “ark I and 'ark II, which have bsenj
vatted around back and forzth. Ffo w» don't have wo ficlt t&cse;
battles acain.

And thirdlv, there is actually some exparierental
Aata in the 'tar¥ IIT &vpe reonetry which can he used at leasc
as a benchmarkin~ verificacion of theoretical calculations.

fomewhat arbitrarilv, submerqed struccure loads are
-- well, not a:bitraily. They are divided into LOCA and SRV i
loads. But then within the LOCA load, the chronclogy is clearF

l
1y just a somewhat arbitrary division of what phenormena take |
placa, and the nares have qone intc the record as such and we |
will stick with thenm,

There's somethinc called water jec :.ads, which basﬂ—

|
cally we are tallino about the clearing of the water throuch
the vent, up the vent clearing, followed bv air bubble loads
which presumably take the pool all the wav up to the riser,
£al1 back loads, when the rool falls hacY down after the air

has all come out of the drywell, condensation oscillation loads

and chuegine loads. And finpallv for SRV, there's sztill a dis-
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1 ! tinction to made lretveen wvater jet loads and auencher bubble |
2 ﬂ and so cn. fo I will trv to treat these subjects in that or- |
3 (| der, althouah it mav be clear that some of these divisions are
1 somewhat arbitrary, such as clearly the division ketween water|
5 jets and huhble loads is scmewhat arhitrary, because in the
¢ | actual phenomencn it just goes €rom cne tc the other and also |

clearly as «%e arcunt of air and stean mixture changes cradu-
7

g | ally, ratrer than a sudden change €ron all air <o all stean.

9 The flret subject, on the water jets, the thing that
10 ma¥es this sort of a non-issue €or Mark IIT is chat if one

" takes the most conservative calculat.ons frcm expsrierental

12 daca, one can at lsas¢ desicnat & region of influsnce, a zone
13 {| of influence, in wkich cne weouldexpect nct necessarily that

14 there is no jet mode associated with flow field induced by the
15 jet, but that those those flow fields induced by the jet are

16 smaller within that recion of influence than will ke the sub-

17 sequent loads due to the flow field induced by the bubble
18 arcwth, once the air starts cominc ouvt of the vent. .
|
19 So one can desicnate a certain recion of influence,!
|

20 and as¥: Are there any structures in that recion of influence?
|

21 I will ¢rv to use this approach the data approached. The basﬂs,

22 in this case the evperiments are the Mark III one-third scale;
‘ 23 experiments which tend tc indicate a separate structure rela- |

24 tively close to the vent in the pach directly of the jet. The{
‘ 25 loads are generally substantiallv bounded bv the subsecuent
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1 | air clearing and thke step loads. The theory of the very con- |

2 || servative hounds was this “Yoody jet model, which tends tc vre-
3 || dict a much, nuch higher renetration of the jet than cther ex-j
4 | periments have measured,

E “all, the conclusion is essentially there are no
6 structures in "ark II for which jet load is nct bounded by theé

7 bubble lead. I don't know whether it's w rth showing the next|
|

8 | two slides, wrich just show if one takes such a very conserva-|

|
9 tive estimate of the zone of influence, vou can sze that rost |

10 || of £%e structures are near the opposite wall from the vencs
n and therefore vould not be impacted bv the jets directly.

12 The cnly structures that have some -- I mean if one

|
|

13 takes a con~ervative estimate of somethinc -- wgll, basically
14 the zone of influence shown on the slide, one sees that SRV

15 || quencher arme could potentially be in -- parts of the quencher

|
1
!
16 arrs could notentially he in the zone of influence. 5T has i

I
17 | done some ci .culations showinc what -- takina I believe the .
18 Moody jet model calculations for that and showine that the calL

19 | culation that they use for LOCA air bubhle bounded substantially
|

20 | with the forces that you'd even predict from trat. I

|

21 So the conclusion is that one does not need to worry

22 about the jet load. i

23 MP. EBEPSOLE: Pardon me just a rinute.

24 Is there sufficient time delay in tha starting of

25 some of these heavy pumps to insure that they uptake some .




181 |
substantial void fracticn and therehy will hind themselves? ‘
If there's a ¢time delay, of course it's all richt, I'm not
sura what that is.

DR. BIEMKOWSKI: I'm not sure what you're referring
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“wR, FBEPSOLF: Okay.

Ther='s some verv large pumrs that take suction on

the pool.

DR. BIDMKNWSKI: Yes?

MR, CBFRSOLE: 1I€ thev were to start instantanecusly,

5

they *ould be in the direc a

ot
e

(&7

nd then lose their !LPSH

m

and they would ingest cthat,

and ceacse vo funcrtion.

T hope that's not the case. The pun» untakes --

MR, KUDRICK: Yas. They're on the outside wall.

of rhesge large air hkuktbles

function

The penetraticn that we're talkinc akout here is nowhere near |

the end of the wall.

“n, FRERSOLFE: e have no concern abcut air uptake

of the pump suction.
MR, KUDRICK: Yo we do not.

MR, EBERSOLE: Thank vou.

DR, DNIENKOWSKI: I assume you are referring ¢o the

subsscuent air pukble, not to the water jet, because the water

jet is still working.

“e, FBERSOLE: I am, ves.
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DR. BIENMKOWSXI: Okay.

The normal division for the next lcad is to talk
abcut the LOCA air bubble. 2And the apnroach is to consider f
spherical, essentially radial, bubble arowth. That is clearly;
not an exact rapresentation of what is coine on, hecause clearf

|
1v the flow as it vas comine -- +he iet that was comins out --

{

has initial induced velocities in the pool, sc the bublkle woul§

nct be spherical.

However, the exparimental evidence shows that the
-- especiallv since evenctually there is a factor of two, mul-
tiplier applied to the thinc -- and it kounds che spherical
calculations.

The pool houndar-es and tre €flow field is considere@
using the methcd of images that has bkeen in the other Mark Isg
and “ark ITs. The rmultiplier of two is applied to account --E
|
rather than to couple for the LOCA, rather than to couple the |
bubble motion, the rise of the hubble -- I assume due to bouy;

|
ancv -- together with the volume incrzase of the buhble due |
to charaine 2f the bubble, the simple factor of two is applie#
to the calculations édone for a stationary rubble, and sore |
evidence is presented that this is ceonservative.

This was indeed one of th« questiors ani concerns
that I have exnressed, and I will menticn somechin~ akout it
in a moment.

Nne . +he buhble calculation is Aone for each narti-
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ecular structure, an equivalent local unifcrm flow field anprex+
imation is made, local accesleration and standard drag is then
computed for sach seament on the structure in the same way iz
vas done for ‘'tark Is and “fark Ils.

The rasis, acain, is primarily theoretical, wicth
some expsrinental confirmacion.

The conclusions are that there is not . uch difference
in this from the Mark Ts and Mark IIs, so the issues that have|
all been discussed there need tc ke discussed in the sames wav,
The tfark ITI, neonle have aqgreed essentially, that scme of
those Aetailed issues, like what draa coefficisnts vwo use,
whather one rmiet consider standard draag or only accelsracion
drac, should ke dene on ths same bhasis.

So unless somebedy has some spacific cuesticns, I
will not discuss those nicty-qgritties.

"he ~ne new thina was the multiplier for bubhle
motion. And the guestion was: Is that a conservative bound

to account for a bubble motion? 'ell, if one looks at the

induced flow field due to the volume expansion, togecther with
the induced flow field due to moticn, the cone thina chat irﬂaj
diacely strike ones is ctha%, sure enough, at some peak it may |
be true that the motion term can add no more than double the |
load, but clearly &the time-history of the bukble rise is dif-:

forent from the time-historv cof expansion. Clearly, bv simply

maltiplvine the bubble expansion by a factor of twec, one aets
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a significantly different time-history.

And =0 then the issue was: Is it necessary to apply.

these loads dynamically to the structure, or do~s one really

|

tasically have a cuasi-static application?
l
T€ it was to be dynamic, cthen ore micht indeed worry|
{

about the different time-historv., If ic's cuasi-static, then

|

clearly it's a non-issue, hecause it's resally the largesct lcad |
|

that's agoing wc matter.

And so T have asked scre information, and received

escentiallv the inforrmation for all of the strucutres of concern.

The == T auess it should be cmeca-sub-n rather than w-sub-n -
Put the natural frecuvencv of the structures <imes the charac-

veristic time for the bubble arowth is aganerally suhstantiallyj
larger than cne for all of the structures of concern, and tcher

fore, the locad to the structures essenctially is quacsi-static-

e ——— —

ally applied. And so as lonag as the factor of two bounds the
peak load, there should be no wvorry about the different tine-
history.

DR, CATTNN: DBefore you leave that, Jesse, how much
air intake can these pumps handla.

MR, EBERSOLE: I wouldn't want to say very much. !

DR, CATTON: because following %he clearing of the
bubble out of the pool, all +that viclent motion, there are

small bubbles evervwhers, and it cakes several szconds for

tham +o0 clear.
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MR, EBFRSOLEL: "ell, it depends on the pump desion. |
Some pumps can take up a few cubic inches of air, and ston.
Ani' other pumps can incest larqge amounts.

And I don't know. It Aepends on the individual
pumn,

DR. CATTON: I don't think .t's a non-aroblen, wi:.J
out lookino at it.

CHATI™MAN PLESSE™: "ell, T think if vou're down to
very small buhbles, it won:t matter,

DR. CATTON: tell, they're not all thac small.

CHAIRMAN PLESSET: 'lell, i€ they are big, then of
course it's a ~usstion.

JR. CATTCN: Well, vou've just blown a big hubble in
this pocl, and it just stirs evervthing up. And it takes a |
litcle while to quiet down.

CHAIRMAN PLESSET: That's true. ]

Dut it takes some time for them to vibrate to the
sump suction. And in that time, cthey can disappear, or get |
very small. That's their idea.

DR. LIENHARD: In fact, in modelina experiments,

vou see the pool whipped up into a froth that coes quite far
down, ves.
CHAIRMAN PLESSET: That's richt. i
DR, CATTOM: But the quescion is not that there's |

a lot of froth, b»ut how lonc does it last and how lonag do the
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bubbles stay sianificant.

DR, LIEMHARD: Or does it gst near the pump intake. |

CHAIRMAN PLESSET: Yes. é

DR, LICNHARD: I believe it does. I'm not cercain.

DR. CATTON: The jets that come from the --

HAIPMAN PLESSET: Let this man ~- we're just talk-
ing -~ let him say somet*ina that contributes.

DR, CATTOM: I just wan:t to r~ex the concern on the
record.

CHAIPMAIl PLISSET: It's on.

MR, HUCIK: My name ie Steve Hucik.

In gsneral, ths ECCS pumps have ahout a 30-second
delay to corme up to full 3peed before they run and inject, so

|
there's a delav time of about 30 seconds before they are called

upon to actually pull sucticn and start. E

That's sufficient time to have the pocl swell pheno-
(

mena calm dowvn by the time they then take suction and start to

inject.
P, EBERSOLE: As I recall, the pumps are called
| upon to perform their thine instantly, and if AC power is
available, they attesmpt to do that orce the valves clear.
MR, HUCIX: But that takes about 30 seconds.
“R. EBEPSOLE: Is that a positive number, of about

a half a minute?

“R. HUCIK: It takes about 30 seconds to come up to
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full flow. |

MR, EBERPSOLE: Are the LOCA tenperature calculations)
based on the l0-second rise time to full flow?

MR, HUCIX: I believe so.

“P, TRBCMSOLE: I thouaht in the past it's been 10
seconds.

MR. BEUCIK: MNo.

MR, ERERSNLE: And that reallvy wvas an allowance for
the diesels o start.

o, HUCIK: Ten seconds for ths diesels to ccme up

to speed, 30N seconds for the pumns to he available.

"M, ERBEPSNLE: “Tell, crkank you.

DR. LICNEARD: Put veu'rs not aoing wo c¢=t air inzo |
the pump intake during the pool swell period?

MR. HUCIK: No, no.

9P. LIECNHAPD: You'll get air irnto the pump intake
after the pocol swell is €finished, and you've started churninn!

shinas around, mixina. T think that's the prchlem, isn't i=7 |

“wp, CDERSOLE: 'ell, if it exists 30 seconds, it's

a potential problem.

CHATPMAN PLISEET: "ell, I think the 30-second kind

of relieves my anxiety. It was a good question, but I think -+~

|
Are you satisfied. i
|

wR., BQEPSNLE: If it's 30 seconds, it seems to me

-

+hat's a long time,
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CHAIPMAN PLESSET: Oh, ves, that's cuite a while. [

I
MR, EBERSOLE: And it seemrms to contradict the local |

calcilations, hut mavbe that's been changed. i
CHAIPMAY PLESSET: Well, I thoucat that that was alsé
addressed, Fas that been --
M. CBERSOLE: No pull for 30 seconds on the floodiné

1
puUmMLs. ;
|

Is that correct? !o onull on the field for 30 seconds?
|
. g |
MR, IIUCIK: I helieve in the calculaticnal nmodels,

there is no credit caken for €flow up to 30 s=sccnds, before they
come up to pcwer.,

DR. LIENHARD: That doesn't mean a oump has rsally
ccme on.

CHAIRMAN PLESSET: Please continue.

DR, BIENKOWSI: It's clear what we've been talkina

about now is substantiallv hevond the time I've been consider-

ina, and I don't have that in the slides and what I handed :

out.

But thie is at least thes calculation on %the rising
bubble, and you can see the time-scale hare is less than a
second. So we're talking about the LOCA bukble here, ve're
talkina about a much shorter time-scale.

And the concern I was expressinc sssentially was thac
the factor of two multiplier may indesed applv to the the peak

acceleration, hbut it would certainly be a different time-history
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but because o the fact that the time-scale here is of the

order of a second, natural frecuencies of the order of 10, 12,
and 1bove, thc load is essentiallv cuasi-statically aprlied to
the structure.

m™he fallback loads, which seem to happen after the
pool has risen to its maximum heicht and is comino back down,
the calculation is hased on a freefall of the sluc of water
from 20 feat high, which :ives a velocity of eorechinag like
35 feet per second. One of the issues -- the GILSSAR suggested
tha= sssentiallv standard drac alone bea calculatead at that
velocitv, based on an appropriate drac coefficient.

™he question was I cusss whether the -- is ic alwavys
true that the acceleration drag force is nsgligible cornarad
to the standard drac force. It clearly dependsz orn the size oﬁ
the structure. é

Nne can essentiallvy make a simple calculation and %
show that ef fectivelv, for this kind of assumption, the acce-;
leration force over the drac force is nroportional to the sizé
of the structure divided by twice che freefall heicht. And i

|
it's fairly clear that all structures v+i11 he substantially ;
.

emaller, so the standard drac calculaticn is sufficiesnt. ;
DR, THEOFANOUS: Can I ask a question?
DR. BIENKOWSKI: Sure.

nR. THEOPANOUS: Associated process with thact is

the generation of waves in the pool. U0 if you loock at some
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bpoundina situations where mayhbe vou have mcre area on one sidei
I

you aenerate the higher swell on the other side, then with the|

|
|

fallback mavbe generate a circumfarential wave. And do you look

|

into thoses waves and th. effects on structures? i
|
|

DR, BIENXOWSKI: I have not persona lv looked at it

I

in connection wit™ *“fark III.
I think those kinds of thines had heen discusesed E
|
praviously with ark II. Just my cwn quy feselina and raac:ionL
T suspect that these initial forcss associated with very highl&
accelzrated pool rise and so forth would be substanctially hivhér
than anvthine vou would aget fren the sloshina. |
DR. THEOFANOUS: Yas, but the times are different,

and the tirme-scales of the forces is different, and that da-

pends on what kind of structures you are talking about, and
how sensitive it is to different kinds of loads.

But h2:e we have substantially hicher shelves, They
|
|

co up to 18-20 feet. 2And I think scmebody oucht to look at

that. I'm not saving it is a problerm, but somebody ought to

look at it. |

DR, BIENKOWSKI: Okay. If you believe that the one%
third are=a scale is at least somewhat of a representaticn of
the real thine, ¢he data I recollect from seeinc thorfe cests
of submeraqed structures, once they -- for the submeraed struc-
turee now I'm talkino about -- once the air bubble load is

over, the data vou see looks like hash.
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DPR. THEOFANOUS: But that's not the point.

Because in these experimen<s, vou're only talking
about at most three cells. And here we're wide circumferen-
¢ial variations. The wave would be propogating along the cir-
cumference of the pool. 2And you can see that in the experi-
ments,

DR, RIEMKOIISKI: Yas, ves,

Those waves would clearly »e lower frequsncy ra:herj
than hiaher frec-ancv. |

NR. THEOFMINUS: Yes, richt,

DP, LIEMEARD: You can do i¢ in vour head. It's

18]

a de

r
o)

Z

o
o
"

just the velocity is the squaraz roor cf aH. I%!
wava., Just do it in your head. I

DR. THEOFANOUS: "hat are vou saving?

;
|
H Ars you speaking to me? i
DR. LIENHARD: Yes. |

|

I'm nct answerinag your guestion. I'm saying ic's
just a deep water wave, and it has a velocity of square root |
of a4. And 4dust do it in your head. !

DR, THEOFANOUS: So what?

\

DR. LIENHARD: 1I%'s a very low frequency. ;

DR, THEOFANOUS: 1I'm aware it's low frequency. g

DR, BTENKOWSKI: I€ it's low frecuency, then ars you

|
|

| ture, or are you worried -- I mean if it's low frequency,

| i

worrvino atout excitine some sort of specific moda2 in the siruc-
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presumably then it means i% goino to be essentially cquasi-

static in rost of <he structurese.

And i€ it's quasi-ztacic, chen the question is is

its arplitude comparable to amplitudes we'rs already consider-;

int. "nd T think acain one can conclude <thatu the amplicudes

are much smaller, |
1€ it has to 4o with wave heiches, and the velccicy

induced on that, clearlv 20-foot fallhack is a lo% higher <harn

|

anv wave heiahts one would ewvnect in tha waves ther
nn. TUROPAMOUS: Jall, I don't want ©o pursue that.
Pue T etill ¢hink that =ormebodv ouaht to lock at the numhers

for eame houndina cases of waves prenonatina alonaside ir thisg

manner.
{
|

CHAIRMAN PLESSET: Let me just say I think there wvasg
|

a slip. They're not deep water waves. They're shallow water

waves.

You said the sauare root of gH. I think thac's fer
shallo'r vater waves. ;
Mo, it's shallow water. Dut let's not belabor the |
coint. g

DR. THEOFANNUS: Are vou savine that the waves will

he small-sized waves?
CIIAIRMAN PLESSET: Mo, no.

I was just saying that it's a shallow water wave.

Tha wavelenath could be anythinc.
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DR. BIENKOWSKI: Okay. |

After the pool swell, and a sicnificant amount of the
air has come out of the drvwell and primarilv steam is coming
¢hrouah, the next division of the oscillatina condensation has|
traditionally heer called condensation oscillations.

The apnroach here has heen to essentially use the
same basic methodoloav for the calculation of the forcss, butl
clearly one rust now put in some inforrmaticn on what the volume
source strencths are of the oscillating bubkles or interfaces
at the vent ey

The source strencths are -- clesarlv have ©o coms
fror some experimental evidence, and that ccres from the same
e7idence that was used for the boundary load calculations for |
CO. The flow field, acain, uses the mecthod of imaacs, uni- i
form equivalent flow field. {

{

The cuestion then arose as to whecher acceleratin i
drac alone needs to be inserted. It turns out thac for the !
kind of sources one agets, there is rmore -- it is relatively
1ow amplitude oscillations at some reasonable frecuencies, soi
fur tvpical sty .ctures, one ideed would expect that the acce-}
laration forces -- or you mighr call them acoustic loads on i

the structures -- would be more sicnificant than would be the,

standard draaq oroportional %o U-squared. The issue that was |
|
raised, that was asked to be addressed, was to cuantify this
|

in some way and to essentially say under what conditions, since
|
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194 |
it clearly depends on both the distance from the source and |

size of the structurs, under what conditions is the standard
drac nealinible. And as a2 matter of fact, I gquess I did not
include that in a slide either, btecause I wasn't sure whathar

it was somethinag that wculd ke considered nroorietary or ncot.

————

But I don't belijeve it's labeled nroprietarv, so I can show it

The calculaticn was made just for what sssentially
the boundary batween -- for what structures standard drag is |
or is not irmpecrtant. Ard it's essenctially an equation relat- |
ing 4he size of the siructure versus the distance from the
wall.

And it turns out that the only cne worry that miche
be of importance is the RIR, a .ouple of PIN lines, and indee&

|
T believe the new revision menw. ons that for those structures |
I
the standard drag will have to be computed. It cuaht to be l
a minor point. It's going to be only a relatively small cor-!
l
rection. |
|

The only thina that at least in my mind still is nody
-- I cannot aive you a total conclusion on it yet, bescause we!
are still passina information back and forth on this issue, so

T will have to leave a question mark at the end of this one, |
is havina to do with chugging loads.
Okay, again the source strenath clearly must ccre

from an empirical data base. And it is the sane data base as

for the boundary chugainc loads. !lowever, there cleary is an|
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important distinction here, and that is that when one is com- |

putina boundaryv lcads, one can take some credit for the fact
that one does not expect all chugs tc be maximum strength every-
where around the houndary.

And so cne can *ave come credit for the fact thac
one then Aoes not have to comput2 a total symmetric load with
all =huas at maxirum strengch, and svnchronized, and se ferch.
vhereas when one is talking akoutr submerged structure

loads, there is alwavs +<he poseibilicy that it's precisely thd

raximum chug that's goina ©o occur throuah the whole LOC} oc-

curs richt next tc 4he particular structure that you're censider-

in®, fo clearlv one tas to use somewhat dAiffzrenc criteria for
decidine vhether a source strancth is ccnservative Or nox.
And that's 4he one remaining issue that we're still |
discussing, as to whether it is or is not. '
Nkav, in t»is particular case, rather than computini

the whole flow field and coinc throuch all the dstails, a soré
i

of an approximate acoustic model is taken for all the chugs E
propocatinag through thes pool and arrivineo at the strucutres. i
It actually turns out that what is eventually done !

is that conservative assumptios are made that simply all of |

the chuas that could reach a particular siructure €from differ-<

i
ent neichboring vents within the duration of the chuc are ‘

taken as neinag all totallv synchronized. So no advantace is f

taken of ti e Aaphasina cor arrival tires >f the various pulses|
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at the scructure.

|
|

~han what is lone is jusz the force is taken propor-|

tional +o the prassure difference one would comnute from suck
pulses, *n? that clearly has some questions that couvld be ask
#1 about i+, 3ut whkat is done, acain o be conservativs, is

rather than takine .ie pressure gradient that would exist at

the structure, due to the pulse arrivino at that structure, thk

€311 pressure diffzrznce across the pulse is talen acrorss tha
whola s&ructure.

‘o £hat sounds conssrvazive., 2nd indesd, if vou

lock at <he concl!.eions, it turns cutr that i€ wvou juexr ask

|
|
|

what is +ha= mrassure ~radiesn%, takina the whole pressure dif-

farence acrose the structure, compared to the pressure cradi- |

ent that vou'd get for the pulse arrivino at the structure
for the larcest structure that exists in the pool, you find
our that vou agst a factor of 2.54.

7ell, that sounds like enouqgh ccnservatism to noc
worry about anvthing else, except for the fact that we all
Ynow that if I have a pressure cradient existing in a flow
€£ield, and T put a structure in i%, the actual forcs that I

get is not propcrtional -- is not just equal to essentially

the prassure diffsrenco across the structure, if che structure

hadn't besn there -- but there is a hydrodynamic mass effect

which, for a cylindrical structure, is about tvo. And it is

around two here hecause in spite of the fact that its acouscic

i
|
!
|
|

|
{
i
|
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themealves, the flow field the induced flow field, is essenti
lv incomrressible.

fo it &£urns ocut 4hat there is an ad=quate ccnservat-
ism for the calculation associated with takina the preszure
aradients and so forth, providad the scurce strapacth is still
censarvative .,

Thura is additional ceonsarvatiem -- and <¢his is che
parc that's t%e hardest ¢o put vour finger one -- associatced
witk the fact that ne nhasinc is taken hetwzen tcthese pulses
arrivine ac the strucsture. 2nd seccondly, that all cf the

piulses, -1l of the pressure oradients, are assumed to act in

+he sare direction. In other words, no asomerric consideracion

is taken that the pressurzs pulses are cominn from differenc

Airections to the structure.

lowever, these conservatisms are difficult to cuan-

tify. And it is precisely the issue that still exists is are

Al-

!
|
1

|

these conservatiems sufficient to compensate for any potential

lack of conservatism in the interpretation of the date hase

of deducina the source strenath.

And at this stags, I am not prepared to say yes or

no vet.

On the SRV, cthere is -- I cuess partlvy as a resulc

of the history having to do with the Ram's-head type desian,

3
s
1
|
i
{
j
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one worried about the water jet cominc from the quencher. It's
clear that it's a kind of a misnomer fcr a aquencher, because
clearlyv there are a lot of little jets cominag out of the quea-;
cher hreoles which coalesce intc larger areas of sphere cf flow
around each of the aquenchers, which then presumably penetrats
some distance until the air starts cominag out of the que..= er.

'7e can still call it a water jet if we like., The

exnerimental evidence on that, however, suaccested that that

ef‘ect is 1imited to some region which is something like a

sphare of influence around each quencher.

And the conclusion is essentially that there is uo
structure within that reaion for each cuencher, and therefore

one doesn't have to worry about that part of the load.

The bubble loads -- the methecdoloqgy is sssentially |
similar to either LCCA or CO methodeclogy. Again, the only
issue is where do I put the bubhles, and what their strenaths
are, !

The strencths come from a conservative estimate of |
what -- I mean cne can obviocusly -- There are four bubbles :

|
taken, coming in between each of the quencher arms, and clearly

sne can take u conservative estimate of the pressure and the f
size hased on the volume of the air that would come through
and the initial conditions with which one would start.

In this particular case, however, since these buhblas

are smaller “han a LOCA bubble and there's actually an oscil- |
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1 lation invelved in the rise of these huhbbles, the calculation |

|

includes beth the oscillaticns and the trajectory. And then :
an ecuivalent uniform flow €ield is computed, each structure
location, and standard and acceleration drags are taken. And |
the various issuee associated with usinc the conservative

bounds on the drag coefficients to account for ascillating

flow and so fortk have all keen agreed to.

The only issue that came to mv mind was the question,

of phasinec of the four bubbles at a single quencher, siace

]
|

clearly if one does the calculation totally irn phase, one would
|

expect that thare would be -- I mean certain loads, let's say
|

on the cuenchers +hemselves, micht exactly cancel out and one

would get no asvmmetric load. i
So the cuestion was asked: 'That evide~:e is there E

that these are in phase? And clearly, like everythinc in any |
experiment, the thinas are not totally in phase, hut the amoun}
of phase difference and amplitnde difference in the four bub-{
»

bles around the cuencher are sufficiently small that one does

not expect that load to be sianificant compared to all of the

other loads that have to he computed on the quencher.

/1777
/7177
/7777 ,
/1717
/17117



a W N

10
1
12
13
14
15
16
17
18
19
20

21

23
24

25

DR. BIENKOWSKI: ell, that's all I have, unless
there are any questions. I have some slides in connection
with the chugging source strength if there are questions. '

(llo response.)

Okay, thank vou.

CHAIRMAN PLESSET: Are there any questions?

(Nlo response.)

I guess not.

MR. KUDRICX: I suggest that we continug on with our
agenda now,.

CIIAIRMAN PLESSET: All right.

MR. KUDRICK: Ve have two remaining arees of consid-
gration associatad with local pool dynamic load. They are
thermal stratification and its effects, as well as flow=-struc-
ture interaction.

Dr. Ecor omus, of Brookhaven National Laboratory,
will present the.,e areas.

DR. ECONCMUS: Good morning.

As pointed ovt by Dr. Theofanous ycsterday, thera
are two aspects to this non~issue, one of which has to dc witﬂ
the concern in designing the structure for thermal stress.
The other one, that has to do with long-term heat=-up, is not
the one that I am gc.ng to deal with today.

Okay, in order for the AE to design the structure

to acconodate thermal stresses he neceds some definition of a
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temperature gradient. Experiments indicate that you do have

a vertical tumperature gradient. The one that GE has provided
-=- the basis for it is tha cona-third scale area PSTF tests.
Mel showed you that profile yesterday; it increases upward at
-- the specification as an overall delta-t of around 60 deqree?
Fahrenheit. And, it was developed by the finite cell energy
daposition application to the experiment. ‘

DR. CATTON: That also includes the mixing process,
doesn't it?

DR. ~CONOMUS: I beg your pardon?

DR. CATTON: The mixing prcocess plays a r in what
that temperature gradient is.

DR. ECOMNMOMUS: Well, sure. What they did was take
the measured profiles and sort of divvy=-up the pool into five
cells, as a matter of fact, and estimate how energy would be
deposited on that basis, on the background of temperature flow,

MR. EBERSOLE: I believe Dr. Catton is talking about
mixing as it is enhanced by the pum) operation, are you not?

DP. CATTON: Well, no, ti . pump operaticn would tend

.astroy the thermal gradient.

MR. EBERSOLE: All right.

DR. CATTON: The fact that they have just used
scaling =--

MR, EBERSOLE: This is early on, that vou are talkin

T

about.
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DR. CATTON: Different geometric scaling may decraas?
the thermal gradient.

DR. ECONOMUS: Sure.

DR. CATTON: Have you looked at that?

DR. ECONOMUS: Well, one of the concerns == which
the next slide will address -- of course, is exactly that
is3ue.

The one point that, I guess, Mel didn't mention yes=
terday when he showed the profile is that the profile varies
with time, consistent with the global temperatures in the poolk

The concern, of course, as Dr. Catton points out,
is how applicable is the one-third scale data for the proto-
type. And, also, another question is: what sort of effect of
break size may we expect?

The way GE resolved these concerns was to do a serioF
of numerical calculations u:ing the RELAP code. Most specifi=-
cally, to address the question of distorted scale, as to what
that would do to the profile.

DR. CATTON: For natural convection in that particu-
lar geometry using the RELAP code is nonsense.

Just a comment.

CHAIRMAN PLESSET: Well, that's a strong comment. |

DR. CCONOMUS: We will have to take that comment
into account |

DR. CATTON: I can expand on that if you want.




34

10

13
14
15
16
17
18
i9
20

21

23
24
25

203

DR. ECONOMUS: Well, sure.

DR. CATTON: 1It's a natural convection problem and
the RELAP code is not set up to solve that kind of a problem.

It's not a trivial problem. You have very high
Rayleigh numbers, you have turbulence resulting from the con-

vection process, you have stratification that wipes these

things out, and the RELAP code is not a code that was desiqnedi
to look at that kind of a problem. !

DR, ECONOMUS: Well, the confirmation proceeded as |
follows: they modeled the actual number cf facilities and
generated profiles for the actual one-third scale blowdown,
and first demonstrated that RELAP was doing a reasonable job ;
of predicting the profile.

DR. THEOFANOUS: Which RELAP was that?

DR. ECONOMUS: Well, Steve could give us the number.
I don't remember it at this poirz,

STEVE HUCIK: It was RELAP 4,

CHAIRMAN PLESSET: RELAP 4, MOD 5.

DR. THEOFANOUS: Thank you.

DR. ECONOMUS: The first step was to generate some
predictions for the actual one-third scale area tests. The
predictions look :azasonable.

Then, having satisfied oneself that the thing does

a reascnable job in the one-third scale, they proceeded to

make predictions for a full scale PSTF, and an actual “ark III
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238 plant. What they showed primarily was that the scale had |
a very slight effect on the slope form,

DR. CATTON: 1I'm not sure that with RELAP you can
show much of anything in that problem,

DR. ECONOMUS: Okay, we'll have to take that into
account.

DR. CATTON: They are very tough to model using
computaer codes because of the coupling between the enerqgy
@quation and the momentum equation.

RELAP was just not designed to be that kind of a
code, and I would be very surprised if it were to solve the
problem, without a lot of empirical adjustment.

DR, ECONOMUS: Well, as I say, presumably ==

DR. CATTON: I think that's enough.

DR. ECONOMUS: That's enough, okay.

Well, in any case, basically the comparisons that
they show us with the actual measurements, we concluded %hat
the RELAP code does a reasonable job of modeling the profile,
and quantitatively the calculations for Mark III showed that
the overall delta-t, which is specified =-- namely, that 60
degrees Fahrenheit that I showed you earlier -- is conserva-
tive, because the RELAP prediction is only 56 degrees.

DR. THEOFANOUS: Does that mean that the Staff
accepts this?

DR. ECONOMUS: At the present time the Staff's posi-
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tion is that that temperature profile is acceptable for use in
the design of the structure.

DR. THEOFANOUS: On the basis of this RELAP calcu-
lation, that's the basis you used to accept it?

DR, FECONOMUS: On *he basis of compariscon of tests
as well,

DR, THEOFA!NOUS: So, you user. the RELAP to take
those tests up to full scale. So, you are really using RELAP
as the basis of your thinking?

DR. ECONOMUS: Yes.

DR. THEOFANOUS: Because you believe it has accep- §
table meaning.

DR, ECONOMUS: It was benchmarked against actual
experimaents as a first step.

DR. CATTON: It was benchmarked against the one-thirg
scale tests, which have skewed geometry.

I think you first have to address the guestion of
t..2 skewed geometry frem the natural circulation that is taking
place in the pool. |

DR, ECONOMUS: Well, I don't understand.

Do you mean that when applied to the one-third area
scale geometr; -- I mean, the a-tual geometry that was =--

DR. CATTON: As indicat 1 earlier, that one-third
scale == or one-ninth scale =-- makes the whole problem more

one-dimensional. That makes it kind cf like a chimney.
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So, if anything I suppose you are going to get more
stratification as you extend that wall out, because you have
got more room for that hot fluid to flow out across the sur-
face and be stratified.

Until you address that, somehow =-- the effects of
the scaling =-- you can't use the code for a different scale.

DR. THEOFANOUS: Well, you know, from my point of
view, I'm sure you used the facilities and you used certain

constants =- which facilities' momentum and energy == to do

the calculaticns. And, you fixed those numbers so that you

can predict the one-third scale.

And, again, even if they work in a one-third scale,
nothing tells you that they can be used in a larger scale.
There are many prohlems,

DR. CATTON: They don't have a secona-order term in
RELAP, so they don't have diffuse energy.

DR, THEOFANOUS: Thay must have something, otherwise
it would =--

DR. CATT" : I don't know where.

MR, TOWNSEND: Hal Townsend from Genera; Electric.

Let me make one comment about the distorted scaling.
We did measure temperatures in the one-ninth scale as well.

As we go from the one-third scale to the one-ninth sc~ .. we
are getting progressively narrower and more chimney-like.

We saw that the temperature gradients were greater

!
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in the one-ninth scale and it indicated more stratification
than we have in the one-third scale.

So, it has a very superficial extrapolation and you
would expect smaller gradients in the full scale, I believe,
independent of what you do with RELAP, or that type of thing.

DR. CATTON: Well, if you have got othe:s arguments
they might be acceptable. But, RELAP is a one-dimensional
code.

MR, TOWNSEND: Yes, I don't dispute that.

CHAIRMAN PLESSET: Well, I don't think that we need
“0 go into RELAP aanymore. I%'s pretty well trampled on, I
think.

But, I think that =-- the idea that I get out of all
of this is that there are a certain amount of problems, okay?

Do you agree with that?

DR. ECONOMUS: Yes, I co.

MR, FIELDS: You know, in the Mark III pool there
are a lot of pump suction devices; there is a lot of mixing
in there.

CHAIRVAN PLESSET: There is another question about
this.

MR. EBERSOLE: I suspect that a more critical pro-
blem is the rapidity with which the pool liner =-- it is lined,
is it not?

DR. ECONOMUS: Yes.
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MR, EBERSOLE: It heats up relative to the concrete:;
the concrete stays in place, in essence, and the liner tries
to crawl ocut of there. At the points of anchorage it will

tear itself unless vou design specifically for that purpc .

and create leaks exactly when you don't want them to occur.
I would be interested in your showing that the rap-
idity of thg heat-up of the pool has not caused the liner to i
depart from the concrete at the anchor points and develop E
leaking points all along its side.
DR. BUSH: But, even if it does it, it doesn't matter

]

that much, Jesse, from a safety point of view.
I admit that it causes a gap in the heat transfer
process.

MR. EBERSOLE: No, what it is is radioactive fluid,
now, that has a leakage past two atmospheres.

DR. BUSH: You are assuming that the concrete, by
definition, is going to leak, and I don‘t agree with that.

MR. EBERSOLE: Oh, that's okay, vyes.

If you agree that the concrete is inadequate =--

DR. BUSH: I agree that the tanks that are not lined
are weak.

MR. EBERSOLE: DOr., Bush is right. Unless we have
established the leakage I have no problem.

DR, ZUDANS: But, even if this temperature would be

twice as much == for twenty feet height distribution == you
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would have no struc*:cal effects.

MR, EBERSOLF: Well, the steel moves very fast
relative to the concrete.

DR. ZUDANS: 1t starts from the bottom. The bottom
is at the same temperature as the side, and it recularly heats
ap as you go up, and that's within somg fifteen of twenty
feet. The gradient is insignificant.

MR, EBERSOLE: 1I'm not talking about the gradient.
I'm talking about the absolute mixed temperature of the water
versus that of the concrete at the steel/concrete interface.

If the water, that suddenly gets up to near 200
degrees, leaks I have no gradient problem. It's the gradient
into the concrete out of the steecl.

CHAIRMAN PLESSET: Right.

But, I think that Spence has a good point ==

MR, EBERSOLE: Yes.

CHAIRMAN PLESSET: == that the concrete itself will
work, aeven if it does separate.

MR, EBERSOLE: If it can stand cracks and still
retain the function.

DR. ZUDANS: How can it separate? It's backward
compression if it gets hotter.

MR. EBERSOLE: I don't think the concrete =-- is the
concrete designed as a membrane to hold leakage? Doesn't it

have seals in certain places where lecakage could come out at

|

|
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steel~-to-concrete interfaces? |

I didn't kncw tnat the concrete was actually a vapor
containment shell.

1MR. KUDRICK: The liner is in place for that =--

MR. EBERSCLE: For that purpose.

MR, KUDRICK: However, if the liner were not there,
it's not obvious that you would have any leakage.

MR, FIELDS: ™he concrete surrounding the suppres<
sion pocl is seven to eight feet thick.

MR. EBERSOLE: Yes, but that would be no good if
there were a gap.

MR, FIELDS: Right.

(Pause.)

CHAIRMAN PLESSET: Are you finished?

DR. ECONOMUS: I'm finished with thermal stratifica-
tion.

CHAIRMAN PLESSET: Okay.

DR. ECONOMUS: Jack, should I go on to FSI?

MR. KUDRICK: Yes, just continue on.

DR, ECONOMUS: Well 1let me try another non-issue
and see how far I get.

Once again, there are two aspects to this issue.
One is the one that is highlighted by that question: has ther
been any FSI effect on the measurements that were obtained

which introduce non-conservatisms?




10

12
13
14
15
16
17
18
19
20

21

23
24
25

.

211

The other gquestion has to do with: does the AE
correctly account for FSI when he does his structural evalua-
tion?

On the basis of what has transpired before, in Mark

T PRI B SR LN

and Mark II, I believe that the answer is that they do accoun
for that by added masses, and so on. I believe that the AEs
recognize at this point that they have to properly model the
presence >f the water on the boundary.

So, we are addressing this issue here. Once again,
the approach to demonstrate that the FSI is either neqligiblei
or did not introduce non-conservatism, or was to use numerical
modeling, to demcnstrate that. A variety of models were used
and predictions were generated for all three scales, all three
facilities.

The general conclusion was that it had very little
effect and that when it does have an effect, the effect is toc
add conservatism to the locad specification.

As I said, they used different numerical modeling;
for the one-ninth and one-third scale tests they used NASTRAN.

How do you feel about NASTRAN?

DR. CATTON: You will have to ask Zenon about
NASTRAN.

DR. ECONOMUS: That's all right.

(Laughter.)

In general, the NASTRAN code showed that there 1S .-




10
i
12
13
14
15
16
17
18
19
20

21

23
24
25

212

that very little FSI should be expected in those facilities.

DR. ZUDANS: 1It's such a heavy structure.

DR. ECONOMUS: Yes, it's -- well, it turned out ==
I'm preceding myself a little bit here =-- the full scale
facility had the scuth wall =-- the south wall is a drywell
vall? }

(Affirmative response from a person in the audience.)

The south wall was somewhat flexible, but that flex-i
ibility introduced conservatism,

In any case, the conclusion is that there is very
little effect and thev tend tc intr. 'uce conservatism,

For the full scale facilit;, as I said, they use

dif ferent methods. They used the Z-cegree-of-freedom model
and also three-dimensional compressible finite element mcdel,
and they examined the transfer functions, and so on. And,
again, they showed that -- they tended to overestimate FSI
effects, in that they were important or non-conservative.

I just have one example of the sort of thing that
one sees when comparing this acoustic model =-- that I just
talked about =-- with the actual measurements. You see there
is very little FSI indicated on the basemat or the north wall,

or containment wall. But, a significant effect on the drywell

wall. And, the solid profile is the actual forcing function

tha is used in defining the locads. 1

CHAIRMAN PLESSET: Thank you, Dr. Econome
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MR. KUDRICK: That concludes our prepared presentatio*
in LOCA-relatzd pcol dyraric loads.
“ince we're coing so wall, I've been told wa can prof

ceed into the area of SRVs.

And T would like to introduce 'Melson fu, who is the

Task ''anacer on Task Action Plan 739, who is respensible for
the ShV-rzlated loads for Mark III.

(Paue=.)

DR. 5Y: Gecod mornina.

Just to introduce rvself, I am the Task 'anager for
Task Action Plan A39, which deals with SPV-relatzsd pocl dvnami
loads for 'ark I, II and TIII.

e have had opportunizy to discuss this subject wizh
i

|
the subcommittees in the past sevsral vears. Therefore, I wilr
just aquickly provide ysu ¢~ overview of what we have done, l
and the current status of our raview of Mark III SRV loads. |
i
|

First of all, I would like to provide you the back- |
!
around of the SRV-related issues. In 1975, 5E proposec the

use of the X-quenchers. This quencher device was a modified

ver sion of the ¥XUs X-cuenchers. The medificaticn includes

m

the leanths of arms and the number of holes in sach arm. 3
The whole pattern is identical with the K'Us X~
quencher. As vou knew, the KWUs had performed the rest of

+he scale test and incline 4est on these parcicular devices.

Rased on this date base, GE developed a methology %to predict
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1 | loads for the GE version of the X-quenchers. As a result of |

2 || the reviews on GE's methodology, we concluded that GE's pro-

45 3 || posed methodolooy is conservative and acceptable. Subsequent
4 | inplant tests, both in Caorsec and the one I'm geing to talk
®
s || about -- Kuoshenc uclear Power Plant 5PV test -- to confirm
o | that. i
7 Therefore, we issued acceptance criteria in 197
8 mhz acceptance criteria include the GE proposed mathcdologv.

9 In cne area, with recard to nultiple activations, we imposed

10 a very conservative assumption, that is, a bubble oscillating
1" in nphase, to be used.

12 ""a also encouraced the load cases should be analyzed
13 to demonstrate the pipine ecquipment and structures to accomo—;
14 date these load cases.

15 Since we issued our acceptance criteria in 1976,

16 nE proposed three key area of modifications -- or vou can say

17 exceptions -- to our acceptance criteria.

18 The first one is so-called low-low set logic. The

19 second one is load reduction factors, based on the Caorsc in-

20 plant tests. The third one is t!le hubble phasing, to be de-
21 termined by “onte Carlo's apprcach.
22 DR. CATTON: What is low-low set logic? |
23 DR. SU: Yes, I will go iriefly into the descrip- |
24 tions. I am not prepared to co in de-ail into discussion in
|
. 25 these particular areas. Low-low set logic is a system designdjcl

1

|
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to limit the number of S&%Vs to not more than one, The German
evperiment shows SPV-subsecuent activation results in hicher

|
|
|

loads than the first activation. And they proposed that conly |
!

| one valve will pump subsecuently. COCn that hasis, the pipinc

|
eouipment and containement structures were decermined on that !
basis. Cubsequent to that time, GE found some mistakes i thei&
analysis.

If we pump more than one, as hich as ten, in order
to maintain that design load, NE proposed a so-called low-low
set looic, wvhich means they will alow some cf the valves to
continue to maintain oren, after the first activation. £o
che valve released the enercy %o the pocl, and adds to the
primarv system below the set point. fome of the valvss will
close, but some of them will continue to open. This will re-
duce the primary system as such, and if the pressure rises

again, they will pump cnly one.

Recently, we have completed a review on this parci- |
cular system, in conjunction with the Grand Gulf resview. |

As I say, I'm not prepered tc discuss this in detaiﬂ.
but I will answer any questions the members of the subcomnit-é
tee may have.

Yes?

DR. BUSH: That aets to be a verv interasting code

problem, because it sounds to me now as if the reliability of

this circuit response is ocoing to be very critical. You can
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either -- you could go cne of two ways: In theory, you cculd

hold open and get & control blowdown, hut in practice it might/
be a continuinc one.

Or the other nossibility is, depending con what type
of circuitrv, that you can't get an adeguate blowdown.

DR. SU: "ell, I am not the right person to cive you;
Aetail. I always say the staff and the instrumentation and the
electrical svstem have reviewed it, and some -“incle failure may
result mcre than once. The most is two.

And we also requested risk and vrobabilities, ths
assessrents tranch, to review the preobabilitcy of this type of
failure.

And the conclusion would be it rangsd €from 1073 o
1078, Mow when I come to the discussions on the Taiwan Power@
Company imnlant test to show, suppcse this happens, a single |
failure -- althouch the low probability -- has happensd from %
that point of view would not be substantial. This will be |

bound bv the design load.

Does that satisfy vou, Dr. Bush?

DR. BUSH: 'ell, I'm just thinkina that I believe
that this deviates ernough from the code that states miocht not |

accept it.

So any utili4v that has thsm becter check with theix

|

states.

DR, SU: Okay. I will take your commants.
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Nr. Econorus from BNL will discuss in more detail

the second item and the third item.

Our current status has no open items for GISSAR 1

|
!

dockets, virtually its generic apolications for all the Mark III

containmen%.

The result of staff evaluations of the lMark III SRV f
lcad will be included in a new report. The draft of NURL
802, 2ntitled "Safety Nelief Valves,"” our svaluaction reportz,
‘tark II and IITs containment, is scheduled %o be issued for
management's comments and concurrence by llcvember, 1931.

17ith respect to the performance of cross-quenchsrs,
he dAraft of NUPEC 0783 entitled "Suppression Pcol Tarparaturs

Limits for D2 Centainmentcs" was .ssuad te ACPT for comment.

T talksd to the ACPS staff, Mr. Paul Boehnertc, I

was told they have received no cocmment.

On that basis, we proceeded to issue our £final
form nf the NUPEG 0783. By issuance of NUREG 0783 and 0802,
we will complete our evaluations on this particular issue.
In fact, we will completsz the Task Action Plan A39 by tha
tine.

My next topic of my presentation today mav be nore
intsrestinad. T will #alk about the recent SPV innlant test
conducted ir. £he Xuoshena Nuclear Power Stations.

First I will provide you cereral informacicon regarzd-

ing the Xuosheno Nuclear Power Station.
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Kuosheno Nuclear Power Scaticn is located near the

northern ¢ip of Taiwan. It is a twin unit, which means the
shell, a number of buildines, includiivo the control room. Each|
unic is rated at 935 megawatts.

The first unit started construction in September,
1974, The work was completed in January, 1981, prochbably a
lictle more than six years €from th: tims constructicn started
o the time of Zfuel loadinqa.

Roth units are DWR 6/ark III containment. The €firsc
unit was operatinc at 60 per cent pocwer in Aucust, 1981, at
tha time performina the SRV test. This would te actually ths |
€irsc LBWR 6/Mark III in the world,

The second unit is scheduled to rave fusl loadinz bg

the second quarter of 1982.

™his cross-sectior:l view of the Xuosheng Nuclear

inforced concrete Mark IIT containment. It is essentially th

1

!

. M |

Power Plant orimar:’ centainment, as vou can see, is a re- ‘
E

same type of contai ment for the Grand Gulf. In fact, the |

Dechtel Corvoration is the architectual encineer for both the

Kuogshena luclear Power Plant and Grand Gulf. .

As I understand, the Xuosheno ‘luclear Power Plant
was followina the Crand Gulf. Then by now, it is way ahead

of the Grand Gulf. {

As I mentioned previously, Kuoshena Nuclear Pcwer |

is the first DWR 6/™ark III containment in the world. Taiwan
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Power Companv, under the supervision of the Atomic Eneray
Council for the ®anublic of China, decided to perform SRV
inplant tests. The object of the test was to confirm SRV
loads for pipinag, equiprment and structures.

Second, the result of the test will provide a data
base for the structure model. Now as I understand it, the
2echtel Corporation will use this data to generate so-called
lov reduction factors for t-eir structural response model.

The third object.ve is to provide a data the X-
cuenchers' thermal perform:nce, namely in pcol mixine. By
¢+ ose data, thev will ba akle to demonstrate the GI cross-
qusnchers at the Xuushena !uclear Power Plant will neec the
pool temperature limits.

I mavy want to make a note. Taiwan Power Ccmpany i
and the NPC counterparts followved closely what we have been |

doina here. i

llow this slide shows a plan view of the suppressicn |
pools. The Kuoshenc Nuclear Power Plant has 16 quenchers,
with seven of them desiagnated as ADS. That is the pressure
sensor, as you can see it. The low-low set SRVs, tcthat's the
one identified V8. This one is V8.

This is a cross section of the surpression pocls,
where the cuenchers are and the quancher supports. You can
see they're very richly supported to the wall with an almosc

solid steel block, supported tc the drywell wall.
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As vou see, there are alsc a number of the pressure

sensors around to measure the pressure actenuation effect.

The inplart tesct was started on Mugust 22nd, 1981,
and completed on August 23th, 1981, rouaghly eight days, 24
hours around the clock.

The total number of the tests was 32. The instru-
mentation you can see here appeared to as more than adecuate
just for +he purpose of confirmation. They have 123 accelero{
meters located inside the containment buildina and outside thé
containment *uildinc on the sslect equipnment and piping systeﬁ.
They have the pressure sensors around the pcals, in the ver-
tical dirsction .4 the horizontal direction, which measures
the pressure a“-tenuaticn.

They also have pressure senscrs located in the pipiAq.
Strain cauges here, and a quencher s.ppcrt. They have 22
thermocouples at this point to ail the normal flow terperatur%s
monitorina svstem. i

The test included the sincle-valve first activationi

|
which means thev popped the valve to simulate normal operatin%
conditions. And they had sincle-valve consecutive activationf.
which means thev first pop the valves and instead of waiting, |
say two hours, for the next text, they wait on a range less

|

than one minute, and then pop. At that time, the line would |

|

be in the hiaoh temperature conditicn, because of the heat from

the prvicus activation.
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The test also included two adjacent valves' activa- !
tion, to dermonstrate the asymmetric loads on the centainment.
Mow the four valve test was primarilv to provide a data base ;
for the structural response mnodel.

Finally, they had three extended blowdcwn tests.

One without °Y» -~ the pool stands still. Second, with che
RiR in operation one hour before the SRV was activated. The |
third test was with RHR put in operaticn five minutes after
the SV was activated.

Yes, sir?

DR, NUSH: You said there were three extended ces<cs. |
That means there were 29 of them divided, I presums, amonc th&‘
£irst four -- the single valve €irst, the sinacle valve ccnse-
cutive, the adjacents and the fcur valves. ;

Cxactly how mnay weve run on those?

DR, St': For the single valves first act rsation,
the test on the VA and V5 =ach one I believe was four, in
order to provide some statistical sianificance.

DR, BUSH: Is that eicht in all? i

DR. SU: Yas. |

I can't be exact. Just the rough ideas.

DR. BUSH: Yes, richt.
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DR. BUSH: How about the others?

DR, SU: Excuse me for one moment. Consecutive
saturations will be 12, Was 12 and the -====- involved
was 3,

DR. BUSH: It was 6 for the SRV?

DR. SU: Right,

DR. BUSH: So that from a structural response
point of view there were a fair number of tests under that
four valve --=?

DR, SU: Yes,

DR. BUSH: Thank vou.

MR, EBERSOLE: May I ask a cuasstion? 1In your
ganeral valve design you've got 16 valves. You've got
by-pass of some capacity, I don't know.

Presumably when you have a turbine trip and your
by-pass fails, vou're going to get most of these valves,
aren't you, at once?

DR. SU: That's right.

MR, EBERSOLE: Not once, you get them all?

DR, SU: Not once, at different set points.

MR, EBERSOLE: But they'll come up and will they
all be functional for the full power turbine trip without
by-pass?

DR, SU: I don't ~ewee .

MR, EBERSOLE: What's the capacity of the by-pass?

-
~ M
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DR, SU: I don'%t recall. I would say probably
10%.

MR. EBERSOLE: And what's the capacity in terms
of full steam flow of these 16 valves?

DR. SU: Each one is dasigned for 7%.

MR. EBERSOLE: 7%?

OR. SU: Right.

MR, EBERSOLE: So it's 70% -- no, well over 100%?

DR, SU: Yes,

MR. EBERSOLE: That's a notable difference

batw2en some twr's that I know and vours.

DR, SU: I belisve so. They have acquired margins

MR, EBERSOLE: Does this help vou cut with that
one?

DR. SU: I don't know.

MR. EBERSOLE: If you can -- them all at once.

DR. S8U: I %ry to stay away =---.

In 1980's NRC and AC's, the Republic of China
and Taiwan Power Company reached informal agreement for the
NRC participation in -- SRV and plant tests.

Primarily the NRC staff would provide technical
assistance in exchange for access to the data.

You may know or not, the %total cost of the test
was reported around $5 million dollars, U.S. dollars.

In mid-1980, the staff review and comment on the
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test plan, subsequently the staff was in..ted to witness
the test.

The NRC teams, during the test includes myself,
and three consultants from RES, because the origiral set-up
was with the research people.

And since I happened to be working in this area,
so I was to get involved.

During the test, the NRC staff participated in
review of the “ * results %o determine whether th2 next
test can proceed.

That means to see any surprise or any test r-sult
that showad to exceed the design barrier to make a decision
recommendation to the management whether to stop or change
the prcyram.

We also provided technical guidelines for the
test programs.

I would like to mention th= participation
includes the G.E.'s, Bechtel, the NRC and some observers
from Italy and the Mississippi Power and Light Company.

The tests were conducted by Nutech and Wyle Labs.
Well, I have to apologize. I will not be able to provide
you the test results in specific terms because at this
point, it's still not clear how the Taiwan Power Company
will handle the test data. They may regard that as

company proprietary information, and will have limit the

l
|
|
?
|
|
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the release of the data, or they won't make it public.

Because of this situation, I will present to
you in the general term, instead of the specific number.

One -- shows in the slides, the test results
show a substantial data scattering. It's not, I would
say, it's not as good as CAORSO data in terms of repeat-
ability. What reason caused that, to wait until we have
an opportunity to svaluate the data.

In general, the test results show the strain
gauge measurement are very small in comparison with the
expected value.

When I say the very small it means only a
fraction of the expected value.

The accelerations measurement -- they are also
very -- I would say -- small, not as small as the strain
gauge to compare. I still have sicnificant margin.

The test results show you have significant
acceleration in pool region. MNow, this, I put a note
that it requires further investigation because the
accelerators, the way they se:t up may pick up the motion
of the pnool in addition to the building response.

In the same relative location, inside a pool,
and outside a pool or say outside containments, very close
gsimilar locations, the one inside the pools measures

almost a factor of 6 or 8 higher than the one measv-es
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MR, EBERSOLE: The acceleration of what part,
please?
DR. SU: The building.

MR, EBERSOLE: The building.

DR, St <w==e= the building because it's a small
distance. I don't know but I really suspect the building
-== would cause such a big difference.

MR. EBERSOLE: That was measured with a maximum
of four valves discharging?

DR, SU: No, sir. Sinale valves.

MR, EBERSOLE: 'eculd you expect a substantial
increase, added increase with all 16 working?

DR, SU: I would say so. Feep this in mind.
The so-called expected values I mean for the single
valve --- the pressure measurements in general are
within their expected values. Some exceed as I note
in my slide.

Now what this one really means in terms of
desian is not clear from the on-site data. I will
categorize that as localized loads because you have to
look at the overall in terms of aglobal pressures on the
containment.

The last slide really reflects what I said

previously, on the low-low set logic.
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Now, the test result shows no significant
pressure increase from consecutive acceleration.

This is somewhat contradictory to the German

data. Dr. Zudans, the questions there on the subsequent

accelerations there, I believe the Germans' test may
have very small vacuum breakers in comparison with what
was used in Mark III and also Mark II and Mark I. We
made some before on Mark I -- also shows no signficant
pressure increase from subsequent accelerations.

Let me back up a little bit to the Low-low

set logic.

If a sinale values so occurs on the low-low

set loaic will result =--=--- subsequently instead of single

one.

On this, the basis, this would be bound by
the desiaon case. All 16 pums or even -—,

DR, ZUDANS: Would you show where those
vacuum breakers were located on this pnlant?

DR, SU: Locate inside the dry wells,

DR. ZUDANS: You have a sketch there.

DR, SU: Although it is a schematic diagram,
it's very close, to where they locate each one. They
won't really show the vacuum breaker locations =-- what
I see is in ¢he unit 2 is locate around this region,

pretty close to the discharge.
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DR, ZUDANS: So if it would get stuck open
i« would pressurize the dry well without --

DR. SU: Ynu say in terms of --there you becomc
small on break.

DR, ZUDANS: That's richt.

And that's what confused me because in the
G.E. report they said they are located in such a way

that that cannot nappen and obviously that's not trus,.

DR. SU: Well, I really don't know the section
you quote,

I would say it would not hanpen -- not in ternms
of s+uck open, in terms of stuck closed becauss thev
have two vacuum breakers in series so that is a simple
flip-flop. You want to stop close after both of them
fail and the CAORSO test with one of tha valves closed,
intentionally to test what the consequence and the
results shows how much chance because the capacity of

the valves ---, I believe the dangers.

MR, EBERSOLE: The item that you have on the four

V. i1 2 test which shows significant acceleration on the

crane girder, I don't believ . you went ovar that.

Do you mean the crane girder at the top of the --

DR. SU: All tha way at the top, ves sir.
MR. EBERSOLE: Was that just due to building

resonance or --

22K
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. 1 I DR, SU: Not clear to me. All I have heard is 1
2 H ~=== on-site at the analysis and very aquick look and I
3 was --- keep this one in mind, if we have the opportunity

to particinate the evaluation of the data.

5 MR, EBERSOLE: Would you throw the smaller

8 cross-section up on the board a moment please?

7 The other picture you have. 5
8 DR. SU: Okay. |
9 MR, EBERSOLE: I notice you extended the guard |

10 pipe on the SRV discharge .ine right down to the 450 line.

" Why did you do that? I don't believe the G.E. design does

. 13 CR. SU: I really can't answer that, sir.

i
|
|
14 Because the nuclear power nlant desianed that way. I believe‘
15 the use of the GESSAR, just up to the point there was --- }

|

16 and you can see the ----, the design, different from what
17 we have or what you will see in this countrv, for instance,
18 Grand Gulf, The floors are different. The quard pipe
19 I see ---- dirfferent.
20 MR. EBERSOLE: Has the s3taff noticed any |
2 diffarence between the Taiwan plant and the Grand Gulf i
22 plant. The issue to bring out is the significant enqineerinqg
‘ 23 difference from a safety viewpoint, |
24 MR, FIELDS: For the SRV loads or in general.
‘ 25 MR, EBERSOLE: In general.

|
|
|
MR, FIELDS: I don't think we've really done any l
|
|
I

|



detailed comparison in that fashion. The only

we have looked at the differences that
SRV loads is because we mav be using

MR. EBERSCLE: For instance,
located in the same place? Do they have th

could answer
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MR, EBERSOLE: I saw that.

DR. SU: The final item from the test results
for the pool mixing -- the total discharge times was 9
minutes for each test and the bulk to local temperature
diffarence is 19°F without RHR and decrease to 9°F with
RHR operatina one hour before SRV was actuated.

The hichest temperatures that were measured
is around the quenchers and they compars with the bulk
temparatures about 30 minutes after the closures of SRV.

I came out -- I have to mention this. That
is the number I came out--not really officially Taiwan
Power Company's number.

DR. BUSH: Did they start with ambient
temperatures in the pool? For these tests, essentially?

DR, SU: I would say essentially about 90° to
start with., It really cannot cool down further., The
ocean temperature is about 87°,

I have to put a note on my presentations.

The results and my conclusions, I have to emphasize, my
presentations and the test results and conclusions of
the test results were based on a very preliminary
assessment of the on-site data. With that note, I

will mention the nuclear the --=-- nuclear power plants

have fulfilled the objective of the SRV test. In general,

the structural model way over predicts the piping equipment
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and building response, with respect to the forcing

functions. The methodologies for predicting the pressures

is marginal in terms of maximum pressures. That's t.2

way, here note, I have to investigate in terms of global

pressures, because the ---, the methcdologies provide
a very conservative pressure attenuation, the effect.

The other conclusions, the forcing functions,
is the consecutive actuations, the methodologies over-
nredict most of the cases.

The final terms regarding the apnlicability
of +he test result is =-- vou notice, the methodolocgies
marainally pradict the forcing functions and I really
cannot make =-- distinguish the conclusions before a
detailed investication we make,

However, the thermal mixinags, I beliave,
+he -- and SRV tests ..ill provide a good data base for
all the !MMark III plants.

MR, EBERSOLE: Can I ask you a question about
these tests in a little bit different aspect.

Were the people inside the containment when
you ran the test?

DR, SU: Yes, I was there., I put my ears
against the containment walls and the sections, the
quencher discharging and I really don't feel much

the building response.
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when you experience a turbine trip you get many of these
valves discharagea,

The steam will stop in the suppression pool
but the available gases will come up to be breathed
by the occupants.

Wwhat dose will he get?

DR. SU: I really can't answer your guestion.

DR. BUSH: I don't think they're parmitted to
be in there, are they?

MR. EBERSOLE: You're working in there.

DR, BUSH: You're workinag in there?

CHAIRMAN PLESSET: I think we have a volunteer
from G.E.

MR, HUCIK: One of the G.E. personnel did go
in with the Tripower people during that one acuation.
He said the noise level was barely audible above the
norma. plant noise.

The radiation levels that were measured during

all of the SRV tests were well below the limits tha+ the

Republic of China AEC asked for.

MR. EBERSOLE: It hes no relevance to my gquestion.

I'm talking about with an old and worn out core and a full
turbine trip.
MR. HUCIK: I would imagine one could scale

up those readings to get a feeling of --

|

|
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MR. EBERSOLE: I think it would be necessary i
that we have an estimate of radiation dose in keeping
with our other requirements.

CHAIRMAN PLESSET: I think we have more comment
here, Mississippi Light?

MR. RICHARDSON: John Richardson, Mississippi
Power and Light.

There are two things. I don't remember the
exact source terms that werz used but G.E. did do calcula-
tions based on normal occunancy, times and duration of

time +o0 ge* out of the containment durina those consequences

and I don't remamber, like I said, what the source terms
were, but there is a NEDO report ana ~.E. could probably
find out the number or we could find out the number, which

gives those calculations.

In addition, we wera asked by the staff for
some numbers on the dose rates to an operator or a mainten-

ance man if he was in the ntainment under certain

conditions and we did respond and give those dose rates
and I don't have them on the top of my head but that

jssue has been looked and addressed.

CHAZRMAN PLESSET: Then we'll get it. Thank you.
DR. BUSH: Referring to your last item, I
presume your conclusion is based on the fact that you had

thermal mixing for just a very short time. I mean, if you
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are talking about an extended period --

DR. SU: Yo, =---. The Mark III containment,

shell can take such the temperature difference, that would

be very conservative,.

DR. BUSH: One other gquestion. On your =-- model
over-predicting, of course, you've got two aspects of it

and I presume Bechtel will address both forcing functions

and also the conservatism in the damping factors would

certainly be a very important thing and they are generally

very conservative,

If you look if one combines them, perhaps

one can understand the over-predicting,

DR. SU: I believe so. We have some discussion

on the /lark I before. Sometime they over-predict by
a factor of 10.

CHAIRMAN PLESSET: Do they have ignitors in
the containment at the plant?

DR. SU: I don't think so.

CHAIRMAN PLESSET: I didn't think they would.

Okay .

DR. SU: They didn't take the fast speed
pictures.

MR, FIELDS: Are those the hydrogen guiders?

DR, SU: ©Oh, hydrogen guidevs, I don't balieve
so.

the

24k
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DR. BUSH: I'm sorry. I misunderstood.
CHAIRMAN PLESSET: I'm sorry. Yes,

DR. ZUDANS: Did you say the structural model

of the niping equipment and building response -- did they
have the analysis before for these systems to compars
to measurements?

DR, SU: Yes.

DR. ZUDANS: And the .‘orcing function in the
analysis was the forcing function as specifiad by G.E.
and not tha2 one that was observad in experiment?

DR. SU: The question -- yas. Based on G.E.'S
nredicted values.

DR. THEOFANOUS: I noticed in the NUREG report
that vou mentioned earlier that may 2s reference to this
tast. I got the impression by reading the report that

the experimental data were scomewhat different, of course,

lower than what you exnected, but I got thes impression

that you attribute that to imperfect knowledg2 of the
actual experimental conditicns of the reactor.

T was wondering if I got the correct imprassion,
number one, and number two, if that is the case, what
were the amounts and why &there were such amounts that
limit the comparability between what one would calculate

and what one measured?

DR. SU: The in-plant test was required -- at the
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17 ! 4[ we issued the accentance criterias in 1976, at the time
. 2 the quenchers, there was developing and we don't know much
3 about it. Since then, a number of in-plant tests have
. 4 been performed. 1f you want me to make a judgement at
5 this point, I would say the requirements on the in-plant
[ test would be much in a narrow scope toc have now. We
7 specify in NUREG-0763 essentially we call for that.
8 CHAIRMAN PLESSET: Thank you, Mr. Su. It was
9 a very interesting presentation.
10 MR, EBERSOLE: May I ask one more question that
1 is relevant to the safety o’ the system,
12 In your design do you also lose water in the
13 suppression pool to a central region under the core and
. 14 you have ¢o make it up with an elevated pool supply?
1% DR. SU: That is not mv design.
16 CHAIRMAN PLESSET: 1l¢'s nut his. 1It's NRC's.,
17 MR, EBERSOLE: Tn that design.
18 DR, SU: I believe so. As I say, it very much |
19 borrows the old way of doing here. It may have small
20 deviations.
21 MR. EBERSOLE: 1In essence, they have to make |
up the water after certain loss --- from an elevated poosl |
. 23 exactly as Mississippi Power and Light does. !
24 DR. SU: I would say so, sir.

. 25 DR, BUSH: May I ask a quick question?
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DR, SU: Yes, sir.

DR. BUSH: You have NUREG-0763 released and
you mentioned the otha2r two reports.

Do these three complete A-39?

DR. SU: Yes, sir.

DR. BUSH: Or are there others I'm not aware of?

DR, SU: That's the three reports in con-
junction with NUREG-0661 for the Mark I. That wil complete
the A-139,

DR. BUSH: 1I'd like to second Dr. Plesset's
comments, I thoucht this was a very well presented and
very interesting discussicn.

DR, SU: Thank you very much.

CHAIRMAN PLESSET: Yes, very much so.

Let's take a ten minute break at this point.

(Whereupon, a ten minute break was taken.)
/77
/77
///

/77
/77
/77
/77
///

/77
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CHAIRMAN PLESSET: Let's reconvene and I believe

that Dr. Economus comes on again. 1Is that right, Jack?

MR. KUDRICK: That's correct.

CHAIRMAN PLESSET: If he's ready.

(Pause)

DR. ECONOMUS: This is slightly -- the presentation
will be slightly different than the way it is shown in the

agenda, I think, but it is not too important.

¥V @ N 0 M e W N

I'm going to describe what is referred to as the
)| GE cross quencher load methodology to be distinguished from
1" the bubble phasing aspects of the methodology. The applica-
12 | tion for this methodology is for structural design, again,
13 | to be distinguished from piping and equipment evaluation. l

. 14 It is a dynamic pressure loading which is applied

15 | directly to the wetted boundaries. It uses and idealized

16 | pressure signature which is =-- you could characterize as
17 | a2 damped Rayleigh bubble. The- this wave form is totally |
18 | characterized by specficiation of a peak pressure amplitude |
19 | and a dominant bubble frequency. The latter is arbitrarily i
20 | arranged from five to twelve hertz and the peak riessure !
2) | amplitude is derives from a algorithm or an equation which |
22 | is a function of plant parameters and the initial conditios |
al | -- operating conditions. i
. 24 It evolved from a regression analysis of small r

28 | scale,large scale and in plant test data which were performedj

3 |
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by a foreign licensee. Namely, the Germans.

It -=- as I say, it is a regression analysis of
the data and it uses -- It uses a 95-95 confidence level
margin. Aside from the features of the pressure signature,
some cf the other features are the spacial distribution.
There is a two quencher arm radius plateau. In other words,

any bounda:r :s which are intersected by sghz2re of radius

2R, twice the guencher arm, maintain the maximum pressure.
|

Beyond that point, there is 2 cne over R attenuation, cougled
a

with what is called a line of sight cut off. In other wordsJ
|

if the line projected from the quenchzr arm to a boundary
2

intersects another boundary, the pressure is set egual to

zero beyond that point and all of this applies below a

certain point in the pool. That point being a 75 percent

depth. .
Above that point, there is a linear decay to zero

at the pool surface. Now, for this methodology which is

for structural design, the way multiple valve effects are

treated is to assume there are synchronizea bubble ovussicila-

|

tions and to SRSS the individual contributions with a cutoff |

at the peak pressure amplitude.

|
t
|
Of course, part of that methodology is a specifica-|
tion of a variety of load cases. The load cases that are

|

considered are first actuation at low pool temperature --
|
this is of a single valve. A subseguent actuation a% an ,
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elevated pool temperature, two adjacent valves, first
actuation at low temperature, ten valves, one low and the
next high set point group =-- again, at low pool temperature.
ADS valves, a first actuation at elevated pocol temperature
and all valves first actuation at low pool temperature.

Now, this figure simply shows how the wave form
looks. As you can see, all features of it are defined. Thisg|
figure shows POP. It's the same as PPE. Once you define
POP in the DBF, this signature is completely defined. ‘

Now, this methodology as Nelson pointed out earlier|
was originally accepted by the NRC by in 1976. Since that
time, as the result of the data base inade available by the
Caorso tests, GE proposed some modification »f the methodology.

Specifically, they proposed that it was appropriate
to reduce the peak pressure amplitude by 20 percent for

first actuations and 35 percent for subseguent actuations.

We are ~-- This says Staff Review in Progress. That's true.
We haven't completly finished taking our positions. 1In fact
we received formal information at this meeting here from |
GE which we're going to be reviewing. {
The issues that came up in the course of our reviewi
were really only three and we really cons.cer them minor. !

In first developing =-- in f.rst justifying the reductions,

we felt that they used the load trend with line volume that

the original methodology had in non conservative manner.
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We also found that when applying the same reductio
to the under pressure that there was an incorrect applicatio

of the reduction made and also there was a vaccuum breaker

effect which was observed during the Caorso tests which was
not accounted for. I can talk about that in some detail,
if you want, a little later.

In any case, there is complete agreement on these
issues between the staff and General Electric and we expect
and I would say that we have a solution on all of them.
Primarily because after taking these reductions, there still
remains sufficent margir to account for correct interpre-
tation of the Caorso data base.

I can sort of indicate the extent of that margin |
with this bar chart that General Electric has provided us.

This shows how one takes the Caorso measured data, adjust it

to account for various differences between a standard !
plant and the GESSAR plant conditions and shows how far up |
you would have to go based on Caorso to get the 95-95 |
confidence level and this is compared with what the new
modified GESSAR design would be. So, as you see there is
substantial margin still between the =-- what you would infer
from the Caorso data and what the design uses.

Now, I have to point out that this calculation for
modifying the Caorso data has already taken account of our

concern with regard to the line volume effect, but not our
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concern with respect to the vaccuum breaker effect. ;

I'm going to show a proprietary slide here, which
is not in your haniout to indicate that when you account for
that concern. you do increase what you would extrapolate
from the Caorso data somewhat if you look at the value there.
You see it turned out to be like 13.2, whereas without
properly accounting for the vacuum breaker effect, you would
project 11.7. Still a substantial margin remains and after
all we don't consider that as a concern.

DR. CATTON: What is the vacuum bi:aker effect?

DR. ECONOMUS: Well, okay, svecifically what was
observed at Caorso was that -- well, the bulk of the tests --
I would say that 90 percent of the tests were done with so-
called Valve A, which had a prototypical pair of vacuum
breakers, but one of them was blocked and as I say, essen-
tially all the data base came from a valve with only one
operating vacuum breaker.

A limited number of tests were done with Valve U,
which essentially had the same line volume. Geometrically,
they were pretty similar. The only difference was when they
actuated Valve U, both vacuum breakers were operating. What
was observed was that there was a substantia. increase in
subsequent actuation loads with Valve U.

We speculate that this is a vacuum breaker effect,

to wit, by having both vacuum breakers operating you let
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The parameters that control such actuations are
very complicated. They depend on what your initial water
leg is, how much air content there is, etcetera.

DR. CATTON: Time between actuations.

DR. ECONOMUS: Oh, sure, absolutely, but as I
say, I mean, everything else being nominally the same, Valve
U tended to show significantly higher loads -- subsequent
actuation loads than Valve A.

(Pause)

Now, that sort of covers =--

DR. ZUDANS: I have a question.

DR. ECONOMUS: Yes.

DR. ZUDANS: 1In this sort of Valve U , was the

subsequent actuations were associated with higher loads than

the first association on the same valve? |
DR. ECONOMUS: Well, actually the ratio between
first and subsequent of Valve U was in both in proportion and
absoiite sense higher. The first actuations of Valve U were |
somewhat lower than the first actuations with Valve A.

And the subsequent actuations with Valve U were

higher than the subsequent actuations with Valve A.
DR. ZUDANS: But the Valve U, by itself, first and

subsequent.

DR. ECONOMUS: That ratio was higher than Valve A.
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DR. ZUDANS: That's interesting. With the more
air, that would be contrary to waht =-=-

DR. SU: I just want to make a note. Caorso
nas a much larger air -- inside a line comparing with the
-= would be. The effect is vi:ry difficult %“c determine.

DR. ECONOMUS: I would certainly agree with. It's
a very complicated process and it depends on conditions
inside the line when you do a subseguent actuation, it is
highly variable.

DR. ZUDANS: Does anyone have a precise physical

understanding why in Jaorso there subsequent actuation is

—————— e ——————————————————————————————————————————————————————————————

higher than the first actuation?

DR. ECONOMUS: My speculation is that what you
wound up with is a situation with a hot pipe and lots of air.
In other words, more air than in the =--

DR. ZUDANS: First actuation?

DR. ECONOMUS: Not in the first actuation, but in
the subsequent actuation with Valve A with only vacuum
breaker operating.

DR. ZUDANS: No, no. Looking at the same line.

DR. ECONOMUS: Yes.

DR. ZUDANS: You have a first actuation and a
subsegquent actuation.

DR. ZCONOMUS: Yes, sir. |

DR. ZUDANS: In the first actuation, I as:-'me that |
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DR. ECONOMUS: MNomiral water level and cold pipe.

DR. ZUDANS: =-- and you had the same azrea in there.!

And cold pirge.
DR. ECONCMUS: Yes.
DR. ZUDANS: In the second case, you had a hot

pipe aind the same water level, presumably?

DR. ECONOMUS: I think that's correct, yes.

DR. ZUDANS: And actually less air volume in there

-= less mass, because it was hotter.

DR. ECONOMUS: That's true, because the pipe was '
hotter, yes. |
DR. ZUDANS: Why would that show high load. That'ﬂ

a physical difficulty to understand.

DR. ECONOMUS: The mechanism is suppose to be that
the steam that is driving what air you have in there out =-- [
when the pipe is cold, more of it condenses and you don't
have as much of a drive to compress the air in the pipe.

That's sort of the qualitative mechanism that we expect.

Gives rise to higher subsequent actuatiocn loads.

It's a complicated process.

DR. BUSH: May I ask one guestion?
DR. ECONOMUS: Yes. ;

1
DR. BUSH: Vacuum breakers come in a lot of sizes.

In Caorso, what was the throat size? ‘
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DR. ECONOMUS: We've gone through that. 1It's a
ten inch.

New, I'm going to the subject that is listed here
in the agenda. Namely, the multiple phasing =-- multiple
valve bubble phasing of it. I tried to make the distinction
earlier and I repeat this again. Th.s feature of the propose
methcdology is to be used to do the piping system and the
equipment response evaluation. The motiviation is that when
you make the synchronise bubble assumption that you're
exciting the structure with an overly conservative forcing
function and GE approach is to demonstrate guantitatively
how much you can reduce that by Morte Carlo simulation so
that you can develop, still a conservative, but a more
realistis estimate of what the excitation is.

Now, some features of the methodology and of course
since it is a probabalistic one, you have to decide what are
your randem v .riables. The ones that were selected by
General Electric were the reactor pressure rise rate which
triggers the valves at different times as opposed to simul-
tanecusly, because of the different set points.

They chocse the valve set point tolerance as a
random variable. They choose valve opening time as a random
variable. They choose the dominant bubble frequency as a
random variable.

Now, for each of the variables if you've decided a
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random, you have to specify the probability density function.

General Electric derives these for PRR from operating
experience and plant transient analysis. For the valve
set point tolerance, the GAussian distribution .s used.
And note, it needs to be made here. The testability feature
that is employed in Mark IIl SRV controls preclude the
drifting of nominal set points between groups. So that the
potential for randomly actuating groups simultaneously is
sort of precluded by only using the set point tolerance as
a random variable.

Valve opening time, the density function is derived
from shop tests and the densi‘y function for the dominant
bubble frequency comes from foreign in plant test data.

The confidence level for the load specification
fifty-nine Monte Carlo trials are used to generate it and
a 95-95 confidence level is claimed. For design a total
of as many as nine is used to actually excite the structure
and the way the nine are selected from the total fifty-nine
is by examining the spectral peaks and vertical and over-
turning moments to assure that you have some sort of a
envelope of the fifty-nine trials.

Those are the features of tne methodology =-- some

of the features of the methodology. Other features =-- there

is one Rinko. The DBF probability density function is shifted

to account for differences in line volume. It is reasonably

1
i

|
{
i

|
|

I
|
|
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well established that the bubble frequency is a function of

line volume and that is taken into acccunt in the methodology

deterministically. '

In this methodology, the contributions from differepnt

valves are now added algebraically. Since the credit is

-- The SR assess was sort of an indirect way of getting some
credit for randomness or phasing, now you phase them in a
probabilistic fashion. Now, you superimpose the loads

algebraically.

All the other features, the pressure signature,

the peak to peak amplitude, the special distribution, the

load cases are essentially as they were for the original
methodology.
Staff evaluation -- We've looked at each of the

individual ingredients of the methodology and we can't say

that we're completely satisfied that each and everyone cf |
them is a precise =-- is totally validated. !
Some examples =-- The probability density function

for DBF, we feel, is not really prototypical, for example,

of the =-- of what was exhibited by the Caorso data. 1In
particular, the mean frequency and the standard deviation in
Caorso was significantly different than the one that was
employed by this methodology. We can speculate on why there

are those differences.

Also, another example of where we couldn't quite
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agree with General Electric about the i:=thodology is the
claimed 95-95 confidence level. That can only be claimed
if you were tov use all fifty-nine trials for design. There-
fore, we don't agree with General Electric about that.
Nevertheless, if you consider the methodology in
its entirety, we feel that the result is acceptable. We've
satisfied ourselves that this is so based on series of
sensitivity studies that we asked them to make with respect
to chaning the probability density functions and the standard

deviations and so on to demonstrate that the final results

were not too sensitive for that. But primarily, our con-
clusion that the methcdology is acceptable is based on an i
actual application of the methodology to a multiple valve |
test conducted in the Caorso plant.

I will show one of the typical results that show

there is a considerable conservatism. Then, of course,

pending the actual execution of the Grand Gulf inplant tests,
we will have further confirrition that the methodology is 3
acceptable. |

Now, let me just show you a couple of examgples of

the conservatism which are demonstrated when it's applied

to ai actual test result. This is what has been predicted
by the the multiple SRV methodology for the conditions of
-=- for the conditions that existed in one of the four valve

Caorso tests. !
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In this case, the only random parameters are the ,
valve opening time and the dominant bubble frequency, becaus%
first of all, we knew precisely when the signal to open the
valves was =-- occurred and therefore we knew exactly =-- that
was a deterministic input. The only parameters that are
random here, as 1I'll repeat, is the valve opening time and
the bubble frequency.

As you can see, the margin is -- well, it varies
from almost a factor of 100 down in the frequency range
with the bubble =-- wiiere we expect the bubble to really be
active to a factor of two out at high frequency. The margin
of course is not so greac. at high frequency, but we're not
really concerned with this, wecause chugging loads would
take over at this ena anyway.

One final comparison of that sort -=- ‘

DR. THEOFANOUS: What do you attribuvte this

discrepancy? Is there is something that you can attribute |

it to?

DR. ECONOMUS: The large margin?

DR. THEOFANOUS: Yes.

DR. ECONOMUS: Even when you phase, you still have
very high pressure amplitudes that would be used. I mean, ‘

the PPA that you used for the conditions of the Caorso tests

are significantly higher than what actually occurred.

The nature of the wave form that concentrates lots|

|
|
{
|
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of power =-=-

DR. THEOFANOUS: To you contribute to the method-
ology or to the input of the methodology?

DR. ECONOMUS: No, we've cut the inputs to the
methodology out as far as possible. As I say, they're only
getting credit for slight differences in bubble frequency
and slight differences for valve opening time. Primarily,
it's the methodology itself.

Just one final figure that is sort of like this,
but what it does is show a comparison of what the envelope
looks for all fifty-nine trials and in fact, I thought I'd

show the upper bound of the fifty-nine trials and the lower

bound of the fifty-nine trials compared with the measurements

When it was presenteu, there was some wag, was it
you, Terry? Maybe not. ke said, well maybe a reasonable
specification is a lower bound of our Monte Carlo simulation
which, of course, we didn't go along with.

That concludes =--

VOICE: That says something for bounding technigues

DR. ZUDANS: This of course refers to a specific
point.

DR. ECONOMUS: Yes, as I stated. A selected point
on a wetwel.

DR. 2UDANS: Are you sure that there are no other

points where the picture is the worst?
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DR. ECONOMUS: 1'm pretty sure. They showed us --!
several tests, several sensors.

CHAIRMAN PLESSET: Have you completed your
presentation?

DR. ECONOMUS: Yes, sir, if there are no other
guestions.

CHAIRMAN PLESSET: Yes, let's continue.

MR. KUDRICK: That basically concludes our planned
presentation on the dynamic individual loads for both LOCA |
and SRV and now what we would like to do is share with the i

|
|

subcommittee on what changes have been made to plants other |

than Grand Gulf since the issuance of the CP to give you som§
idea of the type of modifications that are being made in |
the plants out in the field. Other than Grand Gulf.

Grand Gulf, you heard of the modifications that
you made yesterday.

MR. FIELDS: We felt that the ACRS would be

interested in knowing what modifications tne various plants
have made in the design 2f tneir plants, because of the
refinement of the load defiritions in the pool dynamic load
area, since the issuance of the CP for Grand Gulf and the
PDA for GESSAR.

Basically, the objective of this presentation is

to show the extent of plant modifications and the methods

we selected for plants. Two plants at the OL stage and two
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Basically a generic approach is being taken on all

of the free standing steel shell Mark III containments.

DR. BUSH: Depending on how they did the first one,

you could actually reduce the reliability of that system.

MR. FIELDS: Hopefully. The problem with making
the containment so rigid that you have no -- for the SRV
loads, then you have problems with the seismic loads. The
two would have to be traded off.

Black Fox is of course the SP and therefore is
not become construction. The design changes are on paper
only. They have modified the stud patterns on the weir wall
because of the chugging loads in the top vent. They're
considering adding stiffners to the free standing steel
containment and they will £ill the annulus between the
concrete shield building and the steel containment to the
same level as the other plants.

The otker plant I contacted was Allens Creek.
This was basically done verbally last week, because it
really wasn't too much time to get too much information.

Allens Creek =-- again they're adding vertical
stiffners in the suppression pool region. They modified
their =-- design from an elipsodial to a hemispherical design
because of the higher freguency content of the design loads
and they have relocated all piping out of the solid inpact

area. That's the zero to 18 feet above the initial suppres-
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presentation on their modifications. I have talked briefly
with them. They're basically doing the same thing that the
other plants are. If the staff would be interested, perhaps
someone from Perry could talk to you.

Is there someone from Perry who could make a brief
improinptu discussion?

(Pause)

Mh. VATH: My name is Carl Vath from Gilbert
Associates in the Perry Project.

CHAIRMAN PLESSET: Where is that located?

MR. VATH: Perry is located about 20 miles ﬁorth-
east of Cleveland, Ohio.

CHAIRMAN PLESSET: Thank you.

MR. VATH: We are a free standing steel contain-
ment. We've added fill concrete between the containment
and shielf building, roughly five feet above the suppression
pool upper elevation. We have moved a lot of equipment out
of the bulk pool swell area. There is still some egquipment
there.

We have had to heavily strengthen the platform
supports and atcachment points to the drywell and have
significant redesign on the two lower platforms effected by
pool swell itself.

We've had extensive modification and equipment

gqualification due to high responses because of timinj, the
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full effect of the fix and reduction of the appropriate
containment ringing problem or excitation of the containment.
We had a timing problem there in being able to take the

full reduction on the equipment qualification, but =-- so
we've had some equipment mods and some very significant
amounts of piping support redesign and support additions.

DR. EBERSOLE: I want to go back on the general
topic of equipment modifications to point out that our
concern is basically what happens to equipment rather than
structures. Of course, if the structures fall and carry
equipment with them, than that's structure involvement, or
rather equipment involvement.

I'd also like to recall an earlier remark that I
made that while we're looking at jet and dynamic lcads ==
this equipment list re-examined the interior of the drywell
with such aspects as blast locads onithe =-- gravity =-- recalli
that the dry tubing is necessary to insert tane rods at the
LOCA because the primary pressure is going down extremely
rapidly. You don't have the auxillary pressure to help you
in completing this problem.

The accumulator will put you in if you retain the
pipe, that is, because of the residual pressure having placed
a lower operating pressure in the reactor.

But, if you look very carefully, and I looked at

this -- you find that the jump shifts certain piping in sub-
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MR. KUDRICK: The next topic on the agenda is a
description of the inplant SRV test is proposed by Grand
Gulf.

CEAIRMAN PLESSET: ’'e were going to cet a presen-
tation from GE on general plant design?

MR. FIELDS: Well, that is what I did.

CHAIRMAN PLESSET: Does GE back you?

MR. FIELDS: GE wouldn't do it.

(Laughter)

MR. JOHNSON: My name is McKinley Johnson, project
engineer with Mississippi Power and Light Company on the
Grand Gulf project.

What I would like to discuss with you this morning
is the inplant testing program that we presently have
scheduled at Grand Gulf. Very briefly the background of
that program and a brief discussion and description of the
test itself -- the pressure measurements ti .t we expect to
take -- the accelerometer measurements that we expect to takel
What schedule this work will be performed under and also
our conclusions relative to the test that we are presently
planning.

(Pause)

With regard to background, the NRC has indicated
in a review of the GESSAR 238 plant that verification of

guencher loads would be required by the first plant =-- the
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GESSAR Nuclear Island design. They also indicated that
prototypical tests would be required for each type of

containment structure that is still in concrete.

As was discussed this morning, Kuosheng has recen-
tly completed inplant testing with the objective of

demonstrating significant reductions in structural response

and therefore reducing loads to piping equipment.

The Kuosheng and the Grand Gulf plant are reinfor-
ced concrete containments and we presently have plans for
inplant testing in addition we are reviewing Kuosheng data
and it's applicability to Grand Gulf to determine if addi-
tional testing is required at this time. i

I think the terminology of the test description |
that you probably heard this morning and maybe loock familiar

to you. We have six single valve actuation tests planned

or SVA tests. We also have six consecutive valve actuations
scheduled. Seven multi-valve actuations and one extended
valve actuation for the thermal mixing consideration.

The instrumentaticn that is scheduled and I'll showi
you a little bit about where it is located consists of about!
<7 pressure sensors, 34 string gages on submerged structures

and 16 temperature sensors and 41 acclerometer channels

in 17 separate locations.

DR. CATTON: You have less instrumentation than .

the Kuosheng.
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MR. JOHNSON: That's correct.
DR. CATTON: Are you basing that on the UHL of
the Kuosheng test?
MR. JOHNSON: I think that the real issue there
is == the objective of the test. Their objective was more
to demonstrata significart reductions in containment response
for a number of load combinations throughout the plant. [
Our position was one of 100 percent of containment

response has been built into our design and that lcad input

has been put into all tvpe of equipment. So, although we're

t
I
interested in what the margins are, we're more interested

in just observing that there are margins as opposed to trying
to quantitatively trying to describe exactly what those 1
numbers are.

(Pause)

This slide basically demonstrates where your
pressure sensors are located. It demonstrates :che arrange-

ment of the queucher in the pool. Basically, you can zee

|
|
|
|
pressure sensors are located on the base mat within five feet%
of the guencher. They are also located on the containment ?
wall at three different elevations. Alon: with the asimuth o#
the Jguencher being tested. i
Also =-- on the drywell wall at three elevations

|
along the asmuth of the guencher being tested.
|

MR. EBERSOLE: After the test, is any of these going

1

|
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to be left in place, because about ten times in the first
year, you're going to see a whole lot of these go off at
once. Do you intend to leave any of them and monitor the
-- effect of all of them?

MR. JOHNSON: I do know that cbviously the instru-
mentation in the pool will remain in the pool at least the
first few =--

MR. EBER_.TE: I think it might be interesting to
see the full -- triy without bypass.

MR. JOHNSON: We have built into our test plan the

contingency that the instrumentation will be uperated durirng

other transient testing and M3I -- closure internmenship is ;
one of those -- |
This slide projects certain locations of acceler-
ameters that are being incorporated in the test plan. There
a;1in of a lesser magnitude than the Kuosheng test. And
actually, if you review the Grand Gulf test plan, these
accelerameters are not even shown ir that test plan. The
test plan was a basically load conformatory test plan with
the understanding and agreement and it was spelled out in |
the test plan that at any time level one or level tw> values
are exceeded, we would evaluate the significance of that
befnre proceeding on with _he test. So these accelerameters
were put in to aid us with that evaluation should any level |

one or level two pressures be exceeded in the test.
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1 at that time. We don't have all the data at this point.

" Two other slides that I'd like to discuss very

3 briefly. I mentioned that we're looking at the data ind would
4| like to meet with the Sta. *+o determine if hat data is

5 applicable to us. There are some items that lead us to

6| believe tha. at this time. They ar+ in no way conclusive

7  at this point, but I weruld like to at least share with you

8 the things that we see that tell us that we should lock at

9 that.

10 NUREG 0763, as Mr. Su mentioned this morning,

1 basically describes in what area plants must be similar for

12 | the data from one plant to be prototypical to the other.
13 The first item has to do with guencher devise
14 | geometry and in general, although we need to look at much
15 | more detail, we both have exquenchers with identical arm

16 | and hold patterns on the structures.

17 The parameters that affect the bubble pressure

18 | would need to be similar and we feel that they ave. If you
19 | . through the emperical calculations of pressures and you

20 | increase those for standard deviation and confidence factor
21 | adjustments, you'll see that the final design value for

22 | consecutive valve actuation at Grand Gulf is 18.2 as compared

i
23 | to 16.6 at Kuosheng. |

24 Another items mentioned in the NUREG is steam
25 | flow per line area and the flow rates are identical with g

no impact o.: predicted pressures expected. Line diameters




= W N

10
1
12
13
14
15
16
17
18
19
20

21

23
24

neq

are also identical.

With regard to quencher pool geometry, as you can
see, I made a slight change on that one yesterday. I apologiﬂe
for that. And the change has been made on the handouts that
were given as well. Both quenchers are located center line
five feet and zero inches from the drywell wall. At Grand
Gulf, the center line of the arm is locatcd five feet zero
inches from the floor. At Kunsheng, it is five feet, six

inches.

The pool depth normal water level at Grand Gulf is |
18 feet, 10 inches. At Kuosheng it is 19 feet, cwo inches.

With regard to containment characteristics, both
are reinforced concrete containments -- drywell and pedestal
of similar construction, platforms and f’»ors similarly
located., And as I mentioned, this data is rather preliminary.
I just wanted to share with you the things that we know now
that would have to be looked at i: more detail.

DR. THEOFANOUS: Have you thought about making
an effort of locating at least some of ycur instrumentation
in locations exactly the same like the Caorso tests or do

you have an exact one to one comparison?

MR. JOHNSON: I guess the thought process has been
more of locat.ng the instruments in exact spots that relate
to the structural model for our plant. So that we would

really have a comparison of *test data to predict it as }







. 1 19 feet, two inches.
2 DR. CATTON: Why is that outer wall so much thicker
. 3 | at Kuosheng? i
- MR. JOHNSON: They have a higher seismic requiremenF
$| at Taiwan than we have at souvth Mississippi. They do have g
6| a thicker containment wall. They are both reinforced con- f
7 crete, but there's is thicker due to seismic considerations.%
8 As you can see there is a slight difference inthe |
9 | bracing of the quenchers as well. Mr. Su commented on that.i
|
|

10 | They have, I guess, a shell steel arrangement above and below

i
" the quencher arms. Ours is supported below the guencher
|
|

12 | arms.
13 MR. EBERSOLE: 1Is that 19 feet, two, I see up
. 14 | there for the height of the pool?
15 MR. JOHNSON: Yes. !
16 MR. EBERSOLE: Than it's about six feet higher
17 | than yours. |
18 MR. JOHNSON: Ours is 18 feet, 10 inches.
19 MR. EBERSOLE: Sorry, I thoucht i~ was 13.
20 MR. JOHNSON: ©No, sir. That should be 18 feet,

21 10 inches.

22 You mentioned c:arlier, I think, there was a guestiop
23 | with regard to the -- ;

. 24 MR. EBERSCLE: I see the guard pipe. !

25 MR. JOHNSON: The guard pipe, yes, sir. I believe
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that is extended quite aways down into the pool to preclude
the possibility of a transient and a low water level and

a simultaneous break in the discharge line which would
potentially bypass this =--

MR. EBESOLE: I notice that your guard pipe,
however, practically intersects the wall at the water line,
whereas at Kuosheng, it is several feet below. The guard
pipe covers that spot.

MR. JOHNSON: Yes, I think so.

DR. ZUDANS: I notice that you have a much longer
unsupported length in the SRV discharge pipe line than
Kuosheng. Much longer and you show something like a ball
joint at the bottom of the guencher?

MR. JOHNSON: My understanding of the gquencher
support is that it's pretty much free standing at its base.
It's not bolted down. It has obviously portable support
from the floor.

DR. ZUDANS: Do you have any acclerameters where

you arrow quencher Bl2.2 to see how that arm moves during the

discharge?

MR. JOHNSON: I do not believe we do. Moses, do
you know, if there are accelerameters on the discharge line
itself above the gquenchers?

I don't believe there is.

DR. ZUDANS: Because this is a significant differen

-

i
i
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system of support .

MR. KOTOZON: My name is Paul Kotozon and =--

AE for the plant. At this location right above here, we
have two eight inch supports that go back to the drywell
wall and to give support for any lateral loads. This is
just in bearing that McKinley was discussing here. The
loads were taken here. 1In the test there are strain gages
on this support as well as strain gages onthis piping for
-- loads.

DF.. ZUDANS: What does this ball type of configura
tion mean right below the quencher? 1Is that a rotating
joint? No, higher up.

MR. KOTOZW.N: Right here? That's jusiL the bottom
plate of the quencher. It's welded into this.

DR. ZUDANS: 1It's wv2lded so0lid?

MR. KOTOZON: 1It's welded, yes, all the way around.

CHAIRMAN PLESSET: Any &her questions.

DR. CATTON: RES was involved with the Kuosheng
test. Do they have any involvements with your tests?

MR.JOHNSCN: Who is this?

DR. CATTON: RES, the research office of NRC.
There were two people who were at the Kuosheng test. I
was wondering whether there was anybody involved from RES
with your tests?

MR. JOHNSON: We have not conducted tests.

"
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DR. CATTON: Do you plan to?

MR. JOHNSON: The test plan has been submitted to
the NRC.

DR. CATTON: It seems to me that you have a well
instrumented building and tests and it would just be a darn
shame to not make good use of that data.

MR. JOHNSON: The instrumentation is not installed
as of this date. It should Le taking place in tre next
few months for testing.

CHAIRMAN PLESSET: What were you going to say?

MR. FIELDS: I was going to say that it was being
submitted to our division for review.

CHAIRMAN PLESSET: Well, I think that what Dr.
Catton was mentioning was the research was involved.

DR. CATTON: There were two people, I believe, who
were --

CHAIRMAN PLESSET: They were observers. Are you
suggesting that they might let Research see the instrumenta-
tion.

DR. CATTON: One of the problems is getting full
scale data in order to confirm your calculation on pools.
That is always a problem and we never have it. Here is a
circumstance where maybe RFS got involved and put up a little
bit of the money,the Grand Gulf people would cooperate and

we'd get the data.
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CHAIRMAN PLESSET: Dreamer.

MR. JOHNSCN: It would take over five million
dollars to repeat the data that was already available f.rom
Kucsheng.

DR. CATTON: I understand, but that's probably
five million dollars well spent. It's a full scale system.

MR. JOHNSON: So was Kuosheng.

DR. CATTON: I understand, but it's money well
spent.

CHAIRMAN PLESSET: Yes, Dave?

MR. WARD: Did I understand that after your review

of he Kuosheng data you may not runtiis series of 14 tests

that you described or you may not run additional tests. Whig

did you mean?

MR. JOHNSON: What we would like to have the option

of doing once we reviewed the Kuosheng data is sitting down
with the Staff, discussing the licensing requirements and
the technical requirements of conformitory “esting. And if
the Kuosheng testing is available and applicable,and if our
tests would just be nothing but redundant tests with redunda
data, then, yes, we would like to discuss the potential
for deleting our tests.

That -- I don't give you that impression that that
would be an issue. I feel certain that the Staff and CGrand

Gulf would be able to come to an agrecment on what should be

a
|

|
|
|

|
|
|
|
i
|
|
|
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hydraulic units for the recirculation control valve =--
recirculation system flow control valve and some piping
valves and equipment for the control hydraulic system --
spec: fically like a flow control valve station and other
things associated with it.

The issue was how did we account for protecting

essential instrumentation. Basically , we first identified

and located all of the instrumentation which would be reguirad

to function during and after the LOCA event. First we tried
to relocate that out of the pool swell region, if possible.
If it was not possible to do that, then we protected the
panels that the instrumentation was located on by placing
deflector shields underneath the panels which are designed
to handle the froth impact and drag loads.
CHAIRMAN PLESSET: Any comment?
MR. EBERSOLE: Other than some ptysical represen-
tation of what you did, I understand, you bu.lt deflectors.
This tells me that youv will still
be submerged by the froth =-- this instrumentation. 1Is there
electrical apparatus which will be submerged?
" MR. RICHARDSON: There is some inst.umentation.
All the instrumentation is from the equipment qualification
standpoint, is designed for the post LOCA environmental
effects.

MR. EBERSOLE: Does this include submerging?
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MR. RICHARDSON: Full submergence of water, no.
Just the effects ol the froth spray or whatever.
MR. EBERSOLE: How do you intend to validate that

this equipment can stand such an environment in situ? Are

|

|

|

I

!

|

|

|

}

|

|

you going to go in and hose it down? !

MR. RICHARDSON: We had no plans to do that, no. |

|

MR. EBERSOLE: Why not? You're going to see it, i

presumably. ]

|

MR. RICHARDSON: I'm sorry =-- :

c

MR. EBERSOLE: Why are you apprehensive about :

holding it down? !
MR. RICHARDSON: Well, we just did'nt feel like

from the equipment qualifications standpoint, you do an analy-

sis and testing for the instruments.

MR. EBERSOLE: I realize that, but that always

has t"- nagging problem of being type t2sted and due tc ths l

variation in field installation techniques, you never really;
are quite sure that a type testing advise has materialized
in your actual installation and final proocf of it is the
in situ installation after some transients when it has
actually physically moved about a little bit.

Do you follow me?

MR. RICHARDSON: Well, I understand what you're

i
|
1
!
|
|
|
|
|
i
saying is that you have some =-- the in situ or the *ﬁstallinb
l
condition may be slightly different from the testing i

|

|

|
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MR. EBERSOLE: As - matter of fact, there is a
problem, in I guess, the permanenticity or some such word =--
the fact that an instrument mechanic may take a cover off
and reinstall it. If he installs an overhand or equivalent
seals like this, it may in fact, not represent the type
tested model.

So there are a host of variables in this matter of
instrumental reliability under hostile environmental condi-
tions.

MR. RICHARDSON: From an installation standpoint,
this equipment is necessary and there are certain requirement
on how it's instalied to be sure that it is not damaged in
and under those effects. 1It's obviously a safe delay pro-
cedure for installation and quality assurance »>rogram.

MR. EBERSCLE: It is highly administrative in
character.

MR. RICHARDSON: That's true. It is administrative

MR. EBERSOLE: And let's leave it with a weakness
which can only be tested really by -- tests.

I really don't know why you would be apprehensive
about holding down this equipi 2nt.

MR. RICHARDSON: I think your point is well taken.
I1'd have to think about that a little further. Right now,

we don't plan to go into the containment and start spraying

-




280

. t | our equipment down if we don't have to.
2 MR. EBERSOLE: That reflects a great deal of faith
3| in the viability of your equipment, I must say.
. Bl CHAIRMAN PLESSET: Thank you about the hose.
5 DR. BUSH: I would also suggest looking at the
6 | LERs because if you look at it at the point of view of the
7 | maintenance errors, the list can go on for hundreds and

hundreds and hundreds of items. Some of them more severe

9 than others.

10 CHAIRMAN PLESSET: Jack, is all you had at the

1 present?

12 MR. KUDRICK: Other than a summary.
13 e have talked over the last day and a half and
. 14 hopefully we haven't given the impression that every area

15 is full of problems, but we have tried to identify those
16 areas where we still have discussions going on with both
17 GE and Grand Gulf and we'd like to take the opportunity .o
18 summarize where we believe we are and where we think we're

19 going in the near term future.

20 Mel Fields will make some comments in that area.
21 (Pause)
22 MR. FIELDS: Our initial idea was to summarize

23 verbally, “ut we thought we would maybe throw up a few

‘ 24 slides, handwritter, I'm afraid, to help clarify.

|
|
|
|
25 The first slide I'd like to put down is not really]
|
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a summary, but a possible response to an ACRS concern on th-
upper pool dump. And the questions, as I understand it is
one operator action is needed to initiate upper pool dump
and yet guestions about the time requirements needed and
basically upper pool dump is automatically initiated by
safety grade signals.

There are two that are used. ECCS actuation plus
30 minute delay time. ECCS actuation is of course derived
from other signals of low low rack water etcetera etcetera.

The other signal that is used is low low pool
level and there is no delay on that. Once that level is
reached, the valves willbe automatically opened to have water
come from the upper pool down to the suppression pool.

Now, %“ow reliable is this equipment? There are
two sets of lines. My memory is somewhat unclear on this.
But there are complete subsets. Only one of the systems is
needed to assure suppression pool coverage.

The valves in these lines are powered from ESF
sources. Each line has two separate valves to minimize the
possibility of invert and actuation. Each valve in a
particular line is powered from the same power source and
the two lines have separate power sources =-- you kKnow, train
A and B so you open up at least one of them concerning any

single failure.

Only one line is needed to meet the flow requiremen




< OO WV s owoowN

10
1"
12
13
14
15
16
17
18
19
20

21

24

282

What they have done is that they have shown that the maximum
drain from the suppression pool, from the ECCS suction line
is matched -- actually exceeded by the flow in one line from
the upper pool down to the suppression pool.

8o, therefore, your level will not be any lower
until after pool dump. After complete pool dump, then you
have yzar collection of water in the dead area as your lowest
level which is approximately two feet.

MR. EBERSOIE: From an environmental qualification
standpoint, is this float level equipment submerged =-- is it
inside the suppression pool or above it or at the surface
o il R

MR. FIELDS: The exact type of instrumentation
that is used to measure the suppression pool level =-- I

don't know exactly what Grand Gulf has. It is of course --

has to meet the rigid environmental requirements. It's going
to be safety grade instrumentation.

MR. EBERSOLZ: 1Is it typically type tested? That
is one «~f a kind and the number made.

MR. FIELDS: I don't know exactly.

CHAIRMAN PLESSET: Grand Gulf wants to respond to
that.

MR. RICHARDSON: The suppression pool water level,
I think, is what you're asking. Those are located outside

the containment.
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MK. EBERSOLE: That's a prudent thing to do.

What about the valves? Are they subject to any
environmental problems?

MR. FIELDS: The valves in the lines?

MR. EBERSO ©: Yes.

MR. FIELDS: They are -- I'm not sure whether taey
are exposed to the drywell environment or the containment
environment, but so == they would have to be designed agains
containment environment which is guite a wit less severe
than the drywell environment.

MR. EBERSOLE: There are individual timers part
trained?

MR. FIELDS: As far as the 30 minute delay on the
test actuation?

MR. EBERSOLE: Yes.

MR. FIELDS: I believe it's two complete separate
trains., It has to meet the separation criteria, right?

MR. EBERSOLE: I guess the crux of the whole thing
is how many —~“stances we would have in containment where
we are subject to envir(.mental conditions which are under
heavy investigation at this moment. The environmental
investigation program has lagged for some ten odd years and
it is just beginning to pick up and so you are all subject
to what may be found in that program as it evolves.

MR. FIELDS: Thiat's correct.

(o

|
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With this information presenced, is there still
further information that you would like to see on the upper
pool dump?

MR. EBERSOLE: I don't think so.

DR. ZUDANS: What is the estimated or calculated
pressure differentia’ that promotes the expulsion of suppres-
sion pool water into the cavity? What is the delta P ==
in the containment and the drywell?

MR. FIELDS: Basically, as the water is dumped into
the -- vessel from the ECCS svetem, it spills out from the
broken pipes into the bottom of the drywell. The bottom
of the drywell collects dead area water and the water level
rises until it reaches the top of the weir wall and then
it spills into the suppression pool.

DR. ZUDANS: The other way that I'm interested in.
That's how you l- ::ie suppression Jool water.

MR. FiZLDS: That's how you loose suppression pool
water.

DR. ZUDANS: But the containment pressure gets
to be higher than the drywell pressure and pushes the water

through the vents =--

MR. FIELDS: There are drywell vacuum breakers to

equalize the pressure between the ¢ontainment and the drywell

that prevents .his from happening.

DR. ZUDAN: =- closing suppression pool water?

|
|
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MR. FIELDS: By entrapment of the suppressiorn poo.
water in the area direct .y below the reactor vessel. That
is not part of the suppression pool. !

DR. “ULAN: How did that water get there?

MR. FIELDS: Out of the broken pipe, because you
pump suppression pool water into the vacuum vessel that would
cool off the core. It comes out of the broken pipe and drops
to the floor.

DR. ZUDANS: It's a long process. It is not i»:tan=-
taneoue.

MR. FIELDS: It's ong process, correct.

DR. CATTON: Why don't they fill that dead space
up with concrete?

MR. FIELDS: I think there's a recirculation pump
down t..2re in casing and the =-- it would be very difficult

to get at it to have it solid concrete.

What they have done instead to put enough water in |

the upper pcol dump to account for any loses here. It's just
in the specific method.

DR. CATTON: Along with that, all the problems that
are associated with having it up there that are being
discussed now.

MR. FIELDS: Well, they need to have the upper
pool dump, not only for the dead areas, but also to account

for the -- to lesson the pool dynamic loads.

|
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CHAIRMAN PLESSET: Is there a comment back there?
MR. EBBESON: My name is Bruce Ebbeson from

Stone and Webster. I represent the River Bend plant. I'm

not sure. It's not my area, but I just want to correct some-

thing. I think yesterday somebody said that all of the
plants have the upper pool dump.

MR. FIELDS: All the Mark III plants.

MR. EBBESON: I'm not sure that River Bend does.
And we do have concrete in that annulus.

MR. FIELDS: They do have th2 upper pool dump.

MR. EBBESON: I'm not sure.

MR. RICHARDSON: That's correct. River Bend has
a -- where they don't loose that water. It returns back to
the suppression pocl.

MR. EBBESON: I'm not sure how it works. We do
Lave the concr2te in that annulus.

MR. FIELDS: The upper pocl dump was basically to
reduce the pool dynamic loads and if it isn't there, we'll
check it out.

DR. ZUDANS: How to reduce the pool dynamic loads.

MR. FIELDS: By reducing the water level over the

top vent.

DR. ZUDANS: That's all right. So, if you got the

water back, you wouldn't be loosing it. If you got the
Y

| water back, as 1 understand River Bend or someone else has,

|
|
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in the suppression pool, you wouldn't need that.

MR. FIELDS: The fact is that if you have an
initial submergence higher than seven and a half feet from
-=- containments, the low definition that GE supplied for
genetic Mark III containments is no longer valid.

But if you don't loose the water and you have
seven and a half feet, then you may not need an upper pool
dump to retain -- recover the loss fluids.

DR. ZUDAN: Now we agree.

MR. FIELDS: Yec.

CHAIRMAN PLESSET: Well, I think that maybe we
can terminate this discussion, if that's agreeable with you?
Are there any other comments.

MR. FIELDS: 1I'd like to go into, basically, the
summary.

We would like to leave the ACRS with an idea of
how we're going to pursue the approach for resolution of
the pool dynamic loads. Now for the generic load definiticn,
we're going to examine GE's justification for the current
load definitions and where we find this current lcad defini-
tions not acceptable, we're going to propose alternative
acceptance criteria. We plan to do this in our draft SER,
which we'll get out in December of'S30.

I should make another point. We're talking abou+

LOCA related pocl dynamic loads and as lelson Su mentioned =--

l

|
|
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DR.THEOFANOUS: You said '80.

MR. FIELDS: '8l1, sorry.

Nelson Su mentioned that the SRV loads will be
completely finished by November. We will issue the conserva-
tive pool dynamic load for generic Mark III containments in
our NUREG which is scheduled for February of '82.

Grand Gulf has a schedule problem in that this
schedule for the generic is not acceptable. So, we are going
to use the generic load criteria that have been found
acceptable at this time by the staff and for the other load
criteria, we're going to suggest a bounding approach so that
we can have a quick resolution because of schedule require=-
ments.

We would like to discuss with the ACRS the bounding
approach that the Staff is currently --

For each of the loads that we still have problems
with GE, the 40 feet GE specification we have problems with.
We're suggesting that Grand Gulf use the bounding approach
of 50 feet per second as the pool swell velocity and recalcu-
late the drag loads in both the sclid and froth zones

Show that the current impact specifications is
conservative, which we have preliminary information that they

can do for the solid water impact. They have done some

analysis to show that the 60 feet per second is still bounded

by the impact data for solid water.
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For froth impact cn the on the HCU floor and also
the equipment on the HCU floor as the ACRS has -=- is trying
to highlight, we want Grand Gulf to provide a bounding
specification namely 15 psi D is still under review by the
Staff. We want Grand Gulf to provide a grounding specifi-
cation and to show that the structure is impacted can
withstand this bounding load.

I should mention that the point that we're discussi

here today, we also provided to Grand Gulf and GE in a

meeting last night and we expect some feedback from Grand

Gulf early next week un this particular approach. Wwhether

or not they think we caan meet it.

The froth drage on the ACU floor grading is tied

in with the pool swell velocity indirectly, but there are

some other problems that are unique to Grand Gulf. We have

asked Grand Gulf to recalculate the Delta p across the HCU

floor using the Grand Gulf unigue parameters.

The generic specificatiocns, 1l psi, but because
of basically the elevation orf the HCU floor, we feel that
this Delta P can be lower for Grand Gulf using tne same
conservative assumptions that we definitely find acceptable.
The biggest problem is basically we need a
conservative method for transferring the Delta p into a load

spec.fication across the HCU floor grading. We have done

some preliminary examination of this effect and we think that

ng
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we see a way out. We think we see a method for transferring
this load into a Delta P.

Now, the GE specification of using a total area
of 11 psi is definitely conservative. We have no problems
with that. Grand Guif, however, cannot use that load, becaus
they're grading swell will start --

DR. ZUDANS: It is conservative because I under-
stood that you have a great part of that support is solid
concrete surface.

MR. FIELDS: We're talkirg about the grating only.
Grating experiences only a drag load, not an impact loac.
The impact load from the HCU floor is still under investi-
gation and the approach we are taking for Grand Gulf is to
try to arrive at a bounding impact for the froth on the HCU
floor and then design against it.

DR. 2ZUDANS: Then what happens for the solid
concrete portion after the impact load?

MR. FIELDS: It will fill an 1l psi drag load.

11 psi static drag load.

DR. ZUDANS: Because of the grating resistance,
right?

MR. FIELDS: Because¢ of the bottom of the upper
HCU floor.

CHAIRMAN PLESSET: I'll have to explain it to Dr.

Zudans.
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DR. ZUDANS: No, you don't have to explain it. I
understand it. I just want to make sure that the whole thing
is taken into consideration.

MR. FIELDS: Again, I would like to emphasize that
we feel that we difinitely have a path of resolution for the
froth drag on the HCU floor gratings and of course that would
ease our concerns about the egquipment on the HCU floor grating.

There are a couple of areas on the condensation and
chugging load specifications -- real small areas that we
would like to see cleaned up. And basically for the
condensation oscillation, we would like Grand Gulf to |
evaluate the significance of the low fregquency excedients
that the CO forcing function that was calculated using the
60 percent break area had.

We discussed this yesterday afternoon that the

fact that this was not bounded by the CO DBA design forcing

function.

Two methods come to light. One, it is possibly i
bounded by the pool swell design load and the low frequencyi
which is whoet we're concerned about. The other is the i
low frequency content is not really a significant structural[
impact on structures and this is really really low frequency!
range. So, we're asking Grand Gulf to come back with a

plant unigue lookat this particular load.

i
|
i
|
Also, the CO parameters that have significance !
i
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in determination of the frequency, the m=2s3 £lux, the air
content and the pool temperature -- we would like Grand

Gulf to assure us that the parameters at Grand Gulf, because
of the slightly different design are bounded by the GE
sensitivity study. Grand Gulf has a slightly larger drywell

volume. They could have possibly slightly higher mass fluxes

For completeness sake, we would like them to make this parti-|

cular area of review.

Chugging? There was a data point in experiments
that exceeded the chugging design specification in the 30 to
40 hertz range for the weir wall. GE has told us that there
is no structural significance. Grand Gulf has also told us
this. 1It's basically just something that they had to put
down in writing.

And that's all I have to say about the approach
that the staff is pursing for resolution of this issue, both
with GE and Grand Gulf. The full committee meeting will
of course, here more about the Grand Gulf tnique approach
to full dynamic loads.

That's all.

MR. KUDRICK: I believe that concludes our portion
of the agenda. Unless there are¢ some individual questions
still outstanding.

CHAIRMAN PLESSET: Could we g2t copies of this

48t outline?
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MR. FIELDS: Sure.

CHAIRMAN PLESSET: You're planning to come into
the full committee at the October meeting of the fu'l
committee?

MR. FIELDS: I'm sure that you'll be asking for
our presence.

CHAIRMAN PLESSET: That's on a Thursday, right?

Well, I think we'll see some of you again on
October 15th and until then, we'll just adjourn.

(Whereupon, at 12:;10 p.m., the meeting was

adjourned. )
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MARK 111 CO LOAD METHODOLOGY - DESCRIPTION

DYNAMIC PRESSURE LLOADING APPLIED TO WETTED BOUNDARIES,

Source (TOP VENT) PRESSURE SPECIFIED AS FUNCTION OF
TIME FOR ENTIRE CO DURATION.

ATTENUATION FACTORS ESTABLISH DISTRIBUTICN OF PRESSURE
AWAY FROM SOURCE.

TIME DEPENDENCE ENTERS VIA TIMEWISE VARIATION OF G,
CA AND TP.

DBA vArRiATION OF G, CA AND TP USED FOR DESIGN.

Basis - 1/3 scaLe PSTF TEsTs.



OATA BASE FOR €O LOAD METWORoLOGY
M T T ———

. 119 Aegn scacé PSTF (2 ceus)

o DEMORSTNRATES ABSENCE OF pMuLT!I-VENT

EFFETTS (CO .smermwbvs;

w USED ok CGNFEICMATION OF SCALING LANS

* Y2 AREA ScalE FSTF (smet cew)

" MOST COMPRENCNSIVE §{ COYERE ENYIRE
PANEE oF &, C,  Tp For ETpNLARY

PlawT
“w USED TO CENERATE FPUNCTIONS

o FULL SCALE [PSTF (smene cELL)

“w ONLY Two TESTS wWiTH WUSEFUL
CO VA4

“ USED Fof COMEIANATION OF SCALING (AWS



PRESSURE HISTORY 1S SINUSOIDAL WITH AMPLITUDE (PPA) AND
FUNDAMENTAL FREQUENCY (F) CONSIDERED TIME DEPENDENT.

REGRFSSION ANALYSIS OF 1/3 AREA SCALE DATA YIELDS
PPA1/3 =§(G, CA’ TP)
F1/3 =£(G' Car Tp)

SCALING LAWS USED TO CONVERT PPA1/3, Fl/S To PPA F

F§’ " F&*

POTENTIAL FLOW ANALYSIS DETERMINES ATTENUATION FACTORS
FOR ALL SCALES.

PLANT ANALYSIS FOR DBA DETERMINES 6, CA({), Tp(f).

THREE HARMONICS ADDED,



€O LoD METoDO L Y-C QNEIRHATION OF ADEQUAC Y

® .concerns
« APPLICARILITY\ OF S AREA STALE TESTS
_ Fon. ProTe TY(E (SCAcrne LAwS)

v POVNDING OF ALL MEASOREMENTS
ts DBy "wonsr " ence !

s METTHOD pF APPROACKH

v APPLY METNOD0LOGY AnD ECNENATE
PREVICTIONS Fon ‘}- ) ‘§ y FULL SCALC TESTS

v COMPARE WITH ALL AUAILABLE MEASUREMENTS
® o TIME (PPA,RMS, ) Anp =REQUEICY
CARS ) DdomAry s
" PEMOMNSTRATE ACUNDING OF AlL DATA

v DENONSTIATE CORRECT PAEDICTION OF
Al TRENDS wi7?H SCALE

v APPLY METHOD PARAMETAI CALLY WiITH
VARIATIONS ti PLANY 11207140 Conbdivvew S
(Ca, Tp) AND EREAR SITE TO S How
SwdAand DBA 1 worsr cace
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, . . Fﬁmcr/ans Excge) meAsunEDd Frossun 1 Au CASES

“ DT SUMT GNCTRTAINTY REMAINS ( CACK OF
COMPLETE SET 0P PUll SHZ ﬁe:uc.r;)

o UNCERTMNTIES 1y SOURCE PAEQUENCY SCAUNG
REMA 14
w SCAINGE AREUNTNTS wWEife

1 EXPETUMENTAL CONFINIA/TIOR IR SVEEIC(ET
“wYP T 5% UNCERTRINTY N PREDVICTED
® STANMAD PLANT PAERUENCIES

. DATA BXCEEDANCES FouND AT LOowW AWD
Mew EREVUBNTY TNOS oF CLoAD EPETIBISATYON

IN TTRM S OF SICNAL POWER(ARS DAPARISOKS)

o SMALL ARCAK SITe AEIULTS NOTCompPLETELY
BOUNDED B PEstEu ol (Soualinnd DBA)
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N ) CO (oAD) MEMoDOLOEY
‘ i

o CONCERN: CACK COF COMPLETE SET 0o Ful
SHME TEOTr ACSYLTS

o+ RESOLUTION: ADDED CONSERNATISMS

“* THREE  HauoNICS
U AMPLIFIED) SNEREY ConTENT

* DEMONSTRATED MAREINS
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® CO  LOAD METHODOLLEY
. 3 |
v CONCERN : UNCERTAINTY (N SOURLE
PREDUYENCY ScALING

. PyTENTIAL RESOLUTION (/N PROEAETS)

w CO LOoAD DEFINITION ARS WwW/ITH
IC% PTik BroAd ENING BOVADS

® SCALING PREDICTION W TN SD°%
N CERMTAINTY

“ PERAK PBroADENINE DICTRTED BY
REBULATORY BUIDE

o ARGUMENT #hS MERIT ONLY IF
REV SITE  BROAD ErIt 6 (S tiTENIED
. T0 BOUND yYHNCEATRISTY /N
FORCIN G PYNCTION
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° Co__LOAD METHODOLOGY

@ CONCERN: DATA EXCEEMIANCES AT LOw AN
HiEH €ND OF FREBUEANCY SPERTRUY
ON /RS BASIS

o RESOLUTION (N PROGRESS)

“ Low FREQUENCIES NOT STRUCTULA(LY
SI6NIFICART

® “ HIEHER FREQUENCY LOADS IZmE
BOUNDED Py cwuGEine CLoAD
SPEC/FICA TN



® Co _LoAD METHOLOLOCY

O couceen): sranoard 08A T worsTcAse

RESCLUTION[ 1N PROGRESS )’

oo DESION WITN /S% PEAKR BrROADENING
POVNDS Ale CASES FoR FREQUENC/ES

. NO STRUCTUAAL SIENIFICANCE
hELOW BH}.
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FROTH LOAL ON HCU FLO0R

ACRS.

Sa»ym Framsisco

24 Seot. 1981,

4/1’; A Sorin



EFROTH LOALD> orN HClL) FLOOR

/o-fAF'\ do Yoy

| r""‘\—-

PPosTr— BREAKTHROVGH
FLow

A = /Il psc

BAS!S : A 5/'m/9//s/7'c maa/ell whose corservadsm

J
/s demonstraded sgainst !3-scale
fests pr*ea’/u‘s /0.8/051‘-

|
DPECIFICATION FOR L38 PLANT :
)



AD

Cbn&‘err.v/fsms C./a/mrﬁ/ /)

HOC MOOEL :

froth flow through HCU fLoor modeled

as homo erneous, /hCOm/aress/b/e /705«/ wi'tt,
loss coefg'c/enf <

( K=S /» Meark ZIC aFP[/'CcS)‘/fc)r)‘)_

Lroth a/en.s/t(g taker &s COn:I’an'Z") corresp.

“o gssumptiots that all water initiaU
aSbove 1‘"0/0 vernt: mixes

hormo aeneou&l e
with available air bereath "HCU 7[/00/—-.
mass ba /a rice wiri t‘/‘e,y-,

for‘ n/e,‘l‘u/ell
based o

/'nf/c,w ;/’rvm Ve ’s [V/'a a a/rdw./e//
MOG/&Z) x fmv‘é outf fow 'fi:ma(jh Hco f/aar,

Arel remerous c.ésum,oﬁan:.

IOVI'

wetwell mixture /s dssumed 4o obe.

as 27M/"0*ﬂ /,') : widt v@mfel’rDM %W
@ZN"S closes +he ,orob/e»un.

———————
— e

o 7407“4 a/MS/'}(j

o ZOS'S coe /'C/“'e,.qf K
e o/ryve// moa/e/

c efr.



PREDIiCTED PRESSURE - PSID

COMP/\RISON OF MEASURED AWD
PREDICTED TWO PHASE PRESSURE

DROP - K=5.0
12 CONSERVATIVE Yy NONCONSERVATIVE
11| _vapwd B E AT T
,ed,cm/ f ‘

10 238 Fmanf " PREDICTED = OBSERVED
Q
R e?,<>
5 ,Egl SYMROL SUBMERGENCE
6 ‘,"’ 2 ° 5 ET
5 ‘ 0 y\\.\ 2 5:./ Sl' “ 6 FY

ot F 7 1/2

A A FT

" 190 g Conservahsm
: o 10 F7
2
1 ////
% 1 2 3 & 5 6 7 @8 9 10 11 13 -

MEASURED PRESSURE - PSID
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fFor 238 p[&rrf with 25k opern Qred,

NModel /orea/:‘c‘/x A/O = /0. gf.s/

Em’p/rz‘ca/ conrnservahs m 3.5 +/ Psf'

Ot her conserva/»‘sm 2 /:‘/&nl" has K less

than 2 ; hence , expect conservahism 4o be.

gmakr +han For /3- scale S‘a:v@n—r.

e /%ss/b/e nanmserva/rrm ? S/'m,p//'.s‘dé‘c maa/e[)
relies more o»n conservatism Jhanr rea//'s/;“c

pre_a//c/v’dh . Not checked af 744// Sca/é,






IF GESSAR II P

GE ANALYSIS IN RCSPONSE TO NRC
QUESTION NO. 4 (FIRST ROUND)

IN ANY PARTICULAR STRUCTURE, STRESS IS PRO-

PORTIONAL TO P, X DLF.

CALCULATE PMAX x DLF USING GESSAR 11 (115
PS1, /7 MSEC).

CALCULATE Py,y x DLF HISING MARK I1 A.C.

(NUREG-0487), WITH V OF MARK IIT POOL AND
PULSE DURATIONS APPROPRIATE FOR MARK III,

wax X DLF GREATER THAN MARK 11
Puay X DLF, SPECIFICATION IS BOUNDING.



PSTF FACILITY DURING STRUCTURES
IMPACT TEST (SERIES 5805)

g CIRCUMFERENTIAL

-—__—“"““Fr’é“““‘ TARGET
! — RADIAL
TARGET
| TR i
| — TARGET '}
1 L |
S
| = PoOL 2
SURFACE [
AT IMPACT i MINIMUM PULSE DURATIONS:
U | 6.8 MSEC FOR RADIAL
19’ 2.0 MSEC FOR CIRCUM,
FEI .

e e e Ao

e 1
|



e



ONE-THIRD SCALE PSTF

e

e "——"_'——)/

A

|

MARK 111 HCU FLOCR
(BOTTOM)

FROTH CONLY,
P =15 PSI

PSTF ROOF

MARK 11
POOL LEVEL






Mark TI= Fpor SWELL
VeLociT y

A.CRS.

San Frans/sco

4/’;7 A CSenrnin



SUMMARY OF LOAD, LOALD BASIS
AND  NRC EVALUATIOA)

/

. OESIGN For L38 : 9O Fr/s.
G.E.s VALUE (% 2e 23 /4
k/U.ST/F'/CA 7704A/ :

L. Fu’ scae’ 7EsST $— 38 FT/S
NRC simulabon poor & noncon.servcvé've.

TL". DISTORTED - GEOMETRY TESTS

| iy ¢
/a Awen scale } below 90 FT/s*
Y3 AREA SCALE

NEC : Exv‘rapo/aﬁ'ah fra'm /9 Yo /3 o //
wotelol suaézsf‘ value > <o F7‘/s %

” o

LT “Mopirie FeovvE scaled  TESTS.
cr . below 92 FT/s

NRC :  below 47 FT/s £, with
cors/derable M(er’)b/n*y )



F

2.

CoNCLUSIONS -

ALt AVAILABLE pool SWELL DATA IS
FLAWEDD 18y SOME WAY

MAX/IMUL POOL SWE!. VELOLITY [rFoR

Z38 PLANT MAY WELL EXCEEDL 40 Fr/s.



P ”

Z. FUilL- SCILE T7EST” _S705-4

. fa// scale poor area
. 744/[ scale break ares .

———— -

. ‘/_‘;_v_o_ Ven‘fx) not‘ -f/rree

. /4&[7[ -Size a'rawd[
e Qir blowdown

. pasf— vent- c/ean'ng c/rg wel/ pressdre
far belows a/esign value

Measurement : 38 Fr/s.



'weo VENTS :

e One vent Hfest /arva/acea/ /:4/7[ e /aav/
swel/ Vz/ocit? of Hwo-veat fest.

. Hence) AWe - Vent dest< may well be [lower

Har three- veat dests //.e.,arm‘ov%,oe_} 5(7

bow muely ?

NONCONSERVATIVE bRYWELL. PRESSURIZATION

(l’]exf Ao S//'o/es>



FEAK DRYWELi PRESSURE PREDICTIONS FoOR
L38 PLANT

4. GESSAR DEsI6N VALUE 23 PSIg .

B . GESSAR PrRE-BREAKTHROU CH MODEL 20 ps/;?

) Vi
C. GE. s BEST ESTIMATE

»

/G ,051'3 _

|
Dy e {/ i
o ressure




2% "P4E

91-L"*

DRYWELL PRESSURE (paig)

45 p~

40 p—

TVvC

BT

TOP VENT CLEARING

BREAKTHRO UGH (BASED
ON 1.6 x INITIAL SUBMERGENCE)

57054 STEAM PREDICTION

238 STANDARD PLANT —~ DESIGN -

5 -—M/
57054 TEST DATA (AIR)
N/ N T N TR - T st Al Mol ooy e e T
] 02 04 06 08 1.0 1.2 14 1.6 18 20 22 24 26 28 30 32 34 36
TIME (sec)

Figure 3B.3-4.

Comparison of 238 Standard Plant and Tect 57062-4

Drywell Pressure Histories
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ZI" OISTORTELD GEDME~®RY TESTS.

~ b S —_ Hr
3 ﬁ.@ A | Pl 1"
- :} S — = =
sy e — - o
Vq-scaLe V3-ScalE Y| scare
® e Flow areas scaled - down bj se/e faco‘vr

* Flow-wise dimensions 75'// sca /e

Implicit spothesis (if results are % be ,-mm.} :

(B0l sivell rot .s/gmﬁ’mnr’{y affected
55 Scq leclow of reas .



MAXIMUM POOL VELOCITY (ft/sec)

&

22A7000

GESSAR 1II
238 NUCLEAR ISLAND Rev, 2
061581
LEGEND |
U - 1/3 SCALE, AIR |
O - 1/3SCALE, STEAM $ 7.5 #t SUBMERGENCE : ¢
QO - 1/95CALE, STEAM v | &Alfﬁ3
| \/3 » (;\I
|
|
|
v i é;
O I/ {:ﬁl}g'\}"x
v | 13 s
v -
o |, |
////
S/
/ (@)
O J/
|
|
<o <O
| mk:
| O At
oO—0
O | |
| ,_’
10 ' -

PEAK DRYWELL F TESSURE (psig)
Figure 1

380:3.2.2-3



MAXIMUM VELOCITIES FROM DISTORTED - GEOMETRY
STEAM TESTS. (FT/s).

@ /élo.wg 4 20,3'3.
e scaie 2% + 2 26 t2
Y& scaiE 86 %% . 7212

_'/a SCALE

D




@ L. MoOIFIED FROUOE SCALED ([ Y3-scALE)
TESTS.

"ME S 1 = /'m,oery’e'cf‘ /‘fooaﬁy sco?//'ng

AP P f/"__ retained
V' e VL.
P Ya
ol

geome»/n‘c similari &

* ABSOLUTE PRESURE —To00O
HIGH (By ) 0-107 cows
-107, )
* NO ORIFICES IN VENTS
2 N
VENTS 700 tone (@ 1S ) ?
* VENT SEPARATIONS TDO IONCONSERVATIVE |
LARGE (BY I.9) AOSSIBLY SIGNIFICANTLY

* STEAM ——
-




50 F
47 ‘“‘7%’”5"
C ®
42 —
40 > //'
Viriés x 74
({*/ $) /:'
30 :
i"!
L0 - ;
r‘!.’
/0
0 / - d |
& /0 20 20

Max. a’fa' well press.
(psig)

Mik T ,ooo/ swell velocits Pr’f."//Cvz’.:/ {mm j
Va-ccale Hst based on” »»ga//ﬁa:/ Froude S(c?//n(:f;



SUIMMARY

—_—

SovRCE Vinax (FT/S) COMMENTS
. o DRYNELL PRESS.
FULL- SCALE 38 706 LOB\/;
rasT" 2 VENTS ONLY.
BASE D ON!| BASED ow
/G psi 20 psi
MAX, afvw 1| MAX. DRYWEL,
DISTORTED - GEIM.
TESTS :
Va- scALE 2342 |26 2 || SXR4rocamon
/3 - ScALE 3S:=t 42 + Yy scate ?
"MooIEIED FROUDE UNCERTAINTIES
L /
ScaLep” FromM || 42 47 i
'/3-$CALE SCcALING




CURRENT STATUS

OF

MARK T1T POOL DYNAMIC LOADS

el B. FIELDS
CONTATHMENT SYSTEMS BRANCH
\UCLEAR REGULATORY COMMISSION



o 5/80 -

o 11/80 -

o 11/80 -

o 5/81 -

o 6/81 -

o 9/81 -

o 11/81 -
o 12/81 -

o 2/82 -

MARK 11 OL REVIEW
MILESTONES

Nne QUESTIONS ON SRV MONTE CARLO APPROACH TO
PHASING SENT TO GE

NRC QUESTIONS ON LOCA-RELATED POOL DYNAMIC
LOADS SENT TO GE

AMENDMENT 1 TO GESSAR-II CONTAINING RESPONSES
TO NRC QUESTIONS ON SRV PHASING

NRC QUESTIONS ON SRV LOAD REDUCTION FACTOR SCN
10 GE e

AMENDMENT 2 TO GESSAR-IT CONTAINING RESPONSES
TO NRC QUESTIONS ON LOCA-RELATED POOL DYNAMIC
LOADS

NRC POSITIONS ON LOCA-RELATED POOL DYNAMIC LOADS
SENT TO GE

ISSUE NUREG ON SRV POOL DYNAMIC LOADS
ISSUE DRAFT SER ON LOCA-RELATED POOL DYNAMIC LOADS

ISSUE NUREG ON LOCA-RELATED POOL DYNAMIC LOADS



NUREG ON MARK I1I LOCA-RELATED
PQOL_DYNAMIC LOAD CRITERIA

WILL INCLUDE:

o DESCRIPTION OF THE MARK III LOCA-RELATED
HYDRODYNAMIC PHENOMENA

o DESIGN LOAD SPECIFICATION FOR EACH PHENOMENA
o EVALUATION OF EACH DESIGN LOAD SPECIFICATION

0 ALTERNATIVE DESIGN LOAD SPECIFICATIONS (IF
NECESSARY)



REVIEW APPROACH
o USE GESSAR-1I STANDARD 238 NUCLEAR ISLAND
AS MODEL

o POOL DYNAMIC DESIGN LOAD DEFINITIONS ARE
CONTAINED iN APPENDIX >o OF GESSAR-II

o THESE LOAD DEFINITIONS APE APPLICABLE TO
ALL MARK IIT PLANTS



MARK I11

POOL SWELL LOADS



MARK 111

WORIZONTAL

POOL SWELL LOADS
wlv

'y
x x T x
v

pell
2

~

——‘ l——-
2

——-qr
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MARK 111

POOL SWELL LOADS
LOAD DEFINITION

Egﬁg VALUE

POOL BOUNDARY DRYWELL 21.8 psiD
- _CONTAINMENT = 10 psip

WATER VELOCITY, 40 #PS {CONSTANT)
- TYPICAL DRAG LOAD “ 20 pst
BREAKTHROUGH. HEIGHT 13 FT

FROTH VELOCITY 50 Fps

- TYPICAL DRAG LOAD - 10 »31
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MARK 111

POOL SWELL LOADS
BUBBLE PRESSURE ON BOUNDARY

CONTAINMENT
ik D \

8.00C

Ll

(¥
1
H

- N ﬂ

%.“l'
»
0.

—

* 410 PsiD

22 PSID—&




LICENSING ISSUES

POOL SWELL VELOCITY

CURRENT GE SPECIFICATION IS 40 rv/sEC

STAFF'S JUDGEMENT IS THAT 60 rt/sec 15

A CONSERVATIVE VALUE

SCALING RELATIONS ARE BEING PURSUED BY

GE AND THE STAFF TO RESOLVE DIFFERENCES



“ CONTAINS GENERAL ELECiRIC LQN}'PANY
PROPRIETARY INFORMATION

GESSAR 11 IMPACT SPECIFICATIONS

| ~ FROTH
L / 1MPACT
/
15 PSI T’; —j ‘
e el Al
/\E> 11'! |
|

, o | HCU FLOOR

st—— 100 MSEC —>—

115 PSI"?\
FLATS | | |
60 PSI | | A 18 BULK
PIPES | | [;:> | IMPACT
/ '\ | ‘
i | i
=1 7 MsEcC X v

T

— 19 s

T

—



® ¢

LICENSING ISSUES

FROTH DRAG ON GRATINGS
AT THE HCU FLOOR

GE SPECIFICATIONS IS 11 psip
LOAD TO BE APPLIED TO TOTAL AREA OF GRATING

GRAND GULF APPLIED LOAD TO SCLID AREA OF GRATING
WITHOUT MODIFICATIONS, HcU FLOOR GRATINGS AT GRAND
GULF CAN WITHSTAND 3.5 psip WHEN LOAD IS APPLIED TO
TOTAL AREA

STAFF AND GRAND GULF APPLICANT CURRENTLY PURSUING
METHODS OF RESOLVING THIS PROBLEM



HMARK 111
POOL SWELL IMPACT LOADS
LOAD DESCRIFTION

SEQUENCE OF EVENTS

- WATER LIGAMENT IMPACTS COMPONENTS

- THEN WATER DRAG OCCURS

- FROTH IS FORMED AND IMPACTS COMPONENTS
- THEN FROTH DRAG OCCURS _

WATER IMPACT AND DRAG OCCURS FOR STRUCTURES
<18 Fr ABOVE THE INITIAL POOL SURFACE

FROTH IMPACT AND DRAG OCCURS FOR STRUCTURES
>19 Fr ABOVE THE INITIAL POOL SURFACE

FOR STRUCTURES BETWEEN 18 AND 19 FEET
TRANSITION IMPACT LOAD CRITERIA ARE APPLIED



MARK 11!

. SWELL IMPACT LOADS

rl
!

POOL SWELL IMPACT AND DRAG

WORIZONTAL

VENTS




o

MARK T{I

LOAD DEFINITION

POOL SWELL IMPACT LOADS

WATER IMPACT ON BEAMS _ 115 psi
WATER IMPACT ON PIPES 60 psi
WATER DRAG (REAM) 22 PSI
FROTH IMPACT 15 psi
FROTH DRAG (REAM) 10 psi



P IV ANNE YOOL MOM 4 LHDITH

WOO14 NM

" on

I |

|

. wd gy el |
|

|

|

|

|

|

u_ 1sd ()9 Sidld

-

1Sd SIT SWVid

ot

SWYIT ANV S3d1d NO SAVOT 1VdW]
SAVOT 1VIWI TTIMS 1004

T ANVl

() ONIQYQT XV 34



PREJIUAE DIFFERENTIAL (pai)

15

10

100 m=>e
P Mo il S - dee
/— PROTH IMPINGEMENT®
f
CALCULATED FROTH

TWOPHASE FLOY ar

Loads at iiCU Floor Eleva*.on Due to Pool-Swell
Froth Impact and Two-Phase Flow

NOTES:
e DATA BASED ON HCU FLOOR LOCATED » RO XIMATELY
. 20 ft ABOVE "O0L SURFACE (MWL)
| | | | |
18 18 20 30 40 8.0
TIME (sec)



LICENSING ISSUES
POOL SWELL IMPACT LOADS
IMPACT LOADS ARE UNDER INVESTIGIATION
BECAUSE: ~

1) POOL VELOCITY OF 40 rr/sec MAY NOT
BE BOUNDING

2) 1MPACT DURATION MAY BE HONCOHSERVATIVF



MARK 111
CONDENSTION OSCILLATIONS
PHENOMENA DESCRIPTION
OSCILLATING PRESSURE ON SUPPRESSION
POOL WETTED BOUNDARIES -

CAUSED BY MOVEMENT OF CONDENSATION
INTERFACE AT THE VENT EXIT

INTERFACE MOVEMENTS CAUSE POOL
MOVEMENTS

LOAD DEFINITION GENERATED FROr THE 1/3
SCALE DATA
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LOAD DEFIRITION
CO FORCING FUNCTID- WAVE FORM

DRYWELL WALL

._4
O

(8]

—

— e -

o
T

o

(PSID)

URI

.

C

PRES

Rt

] ! |
29 2 U 3 A 2 8 i
“ 1k - ) e - '

TIME AFTE!
[IME AFTER

L



LOAD DEFINITION
CO PRESSURE DISTRIBUTION

FREE
SURFACE

LINEAR ATTENUATION
TO 2ERQ AY FREF SURTACL |

e e —— ————

10° |
VENT

L 1)

DRYWELL WALL

EEEERRS

BASEMAT
¢ 018 “




CONDENSATION OSCILLATION
LICENSING ISSUES

FREQUENCY SCALING (F «  1/Dp)

EFFECT OF VARYING INITIAL PLANT
PARAMETERS

HIGH FREQUENCY DATA NOT BOUNDED BY
CO LOAD SPECIFICATION
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HUGGING LOAD

DESCRIPTION

o LOCA PHENOMENA

o STE WM

W

ON

e

ENSAT ION

o LOW MASS FLUX
o INTERMITTANT CLEARING OF TOP VENT
o PRODUCES DYNAMIC LOADS

o TOP VENT

o WEIR ANNULUS

e POOL BOUNDARY
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PRESSURE AMPLITUDE

|

MARK 111
CHUGGING LOADS
LOAD_DEFINITION

24 PSID AT VENT

PULSE
/ (PRESSURE SPINE)

POST-CIUG OSCILLATION

2.2 PSID

FRECHUG UNOERPRESSURE
2.65 PSID
125 MSEC

POOL_BOUNDARY_CHUGGIHG LOAD
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CHUGGING LOADS
LICENSING ISSUES
o EXPERIMENTAL WEIR WALL CHUG EXCEEDS DESIGN
VALUE IN 30-40 vz FREQUENCY RANGE

o SPACIAL DISTRIBUTION ON WETTED BOUNDARIES
& DURING THE CHUGGING PHASE NEEDS FURTHER
JUSTIFICATION

o ASYMMETRIC CHUGGING LOAD NOT DEFINED

o CHUG SOURCE STRENGTH SELECTED NEEDS FURTHER
JUSTIFICATION



MARK 111
SUBMERGED STRUCTURE LOADS

LOCA WATER JET
LOCA AIR BUBBLE LOAD
CONDENSATION OSCILLATION LOAZS

CHUGGING LOADS
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POOL TEMPERATURE

LOAD DESCRIPTION

NON-UNIFORM TEMPERATURE
- [N SUPPRESSION POOL

- DURING A LOCA

- DUE TO UNEVEN HEATING
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FLUID-STRUCTURE INTERACTION

DESCRIPTION

o ADDITIONAL PRESSURE COMPONENT IN A FLUID
CONFINED IN AN ELASTIC CONTAINER, DUE TO
MOTION OF THE CONTAINER



FLUID-STRUCTURE INTERACTION

LOAD DEFINITION

o  GESSAR RIGID WALL LOADS ARE APPLIED TO MARK III
CONTAINMENT -

o  A/E'S ACCOUNT FOR FLUID IN STRUCTURAL ANALYSIS



FLUID-STRUCTURE INTERACTION

LOAD BASIS

PSTF DATA BASE FROM THREE SCALED TESTS
o FULL SCALE - CHUGGING LOADS

o 1/3 AREA SCALE - CONDENSATION OSCILLATION
LOADS
o 1/9 AREA SCALE - MULTIVENT EFFECTS

THREE SCALED TESTS SEPARATELY ANALYZED FOR
FSI (ALL SCALES USED SAME PSTF)

o  CONCLUSION FROM ANALYSES
FS! wAS SHOWN TO BE A SMALL EFFECT ON MEASURED
WALL LOADS



ACRS FLUID
DYNAMICS SUBCOMMITTEE
METING

MARK 111
CONTAIN'ENT POOL
DYNAMIC LOADS



MEETING OBJECTIVE

DISCUSS RESOLUTION OF ISSUES FOR GENFRIC
FARK 111 POOL DYNAMIC LOADS,

APPLICATION OF THESE ISSUES TO THE GRAD
GULF NUCLEAR PLANT,



AGNDA

SEPTEMBER 24, 1321 TIE
I, INTRODUCTION - M. PLESSET, CHAIRVAN 8:30 AM,
11, NRC INTRODUCTION

A, BACKGROUND OF MARK 111 PROGRAM 8:45 A M,
J. KUDRICK (NRC)
B. CURRENT STATUS - M. FIELDS 9:45 A.M.
- BREAK -
11, GENERAL ELECTRIC MARK II11 TEST FACILITY
GE (PEPSNNED 10:25 AM,
A, OVERVIEW

IV,

B. RILL SCALE TESTS

C. 1/3 SCALE TESTS

D. 1/3 SCALE TESTS

E. DATA INVERPRETATION

F. SUMARY

- LINCH - 1:00-2:00 p.m,

LOCA LOADS (BND 2:00 pP.M,
A. POOL SWELL VELOCITY - A, SOHIN

B, IMPACT LOADS - 6. MAISE

C. CONDENSATION OSCILLATION (CO) LOADS - C. ECONGYOS

D. CHUGGING LOADS - C. ECONGMDS =

. RECESS 5:30 P.M,



SEFTEIBRR 25, 1921 TIIE

VI,
VII.

VIII,
X,

XI.

X11,

XI1I,
X1V,

RECONVENE - M. PLESSET, CHAIRYAN 8:30 A,

SUBMERGED STRUCTURE LOADS (BNL - G. BIENKOWSKI ~ 8:40 A.m,
A, KT LOADS
B. AIR BUBBLE DRAG LOADS

POCL THERMAL STRATIFICATION BND - C, ECONONUS
FLUID STRUCTURE INTERACTION EFFECTS (BND -
C. ECONOMIS

- BREAK - 10:30 a.m,

. SAFETY RELIEF VALVE (SRV) LOADS 10:40 Am,

A. OVERVIEW - T. SU (NRO)
B, TRIPOWER MARK TT1 INPLANT TESTS - T, SU
C. MILTIPLE VALVE BUBBLE PHASING €BND -
C. ECONOMUS

- UNG - 12:30-1:30 p M,
MARK TTT CONTAINVENT MODIFICATIONS 1:30 P,
A. GENERAL PLANT DESIGN - M. FIELDS
B, GRAD GULF DESIGN (MPeD

GRAND GULF IN-PLANT SRV TEST PROGRAM (MPRD) 2:30 p.M,
SUMYARY OF MARK TI1 PROGRAM (NRC) 3:00 p.M,
SUBCUTITTEE DISCUSSION 3:30 P.M,

. ADJOURN 4:00 p.M,



ATE
MAY 9, 1974

DECEMBER 28-30, 1975
JANUARY 31, 1978

FAY 23, 1978
NOVEMBER 29-30, 1978
SEPTEMBER 13-14, 1579
APRIL 29, 1981

JULY 1481

ACRS MEETING SUMMARY

DESCRIPTION
GRAND GULF FULL COMMITTEE

MARK I, 11, 111 POOL DYNAMIC L.OADS
MARK I11 TEST PROGRAM

MARK 1T POOL DYNAMIC LOADS

MARK IT POOL DYNAMIC LOADS

MARK IT POOL DYNAMIC LOADS

MARK I1 POOL DYNAMIC LOADS

MARK 11 POOL DYNAMIC LOADS
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DOMESTIC MARK 111
PRESSURE SUPPRESSION PLANTS

PLANT NAE LICENSTNG STATIS
GRAD GULF | OLSER 9/l
CLINTON 1, 2  OLSER WR
PERRY 1, 2 OLSER  5/®
RIVER BEND OLSER  10/%2
ALLENS CREEK CP HEARING
BLACK FOX 1, 2 CP HEARING
SKAGIT 1, 2 POST (P
HARTue. '€ 1, 2, 3, 4 POST (P

PHIPPS BEND 1, 2 POST CP



NRC ORGANIZATIQNAL APPROACH

POOL DYNAMIC LOADR

MK T - TAP A7
MRC IT - TAP A-8

i
LOADS

\_
MARK 111 -  TAP B-1U
MARK 1
SRV LOADS MARK IT — TP A-39

MARK 111



NRC
ORGAUIZATION

TAP B-10

TASK MANAGER - M, FIELDS

NRR BRANCHES INVOLVED
- CONTAIN'ENT SYSTEMS BRANCH
STRUCTURAL ENGINEERING BRANCH
- MECHANICAL ENGINEERING BRANCH

CONSULTANTS  INVOLVED
- BROOKHAVEN NATIONAL LABS,



BNL ORGANIZATION

LOCA-RELATFD POOL DYNAMIC LOADS

C, ECONOMOS (BND - COCRDINATOR
6. MAISE (BND

J. RANLET (BND

R, KA (MIT)

A. SONIN (MID)

G, BIENKOWSKI (PRINCETON)

SRV REl +TED POOL DYNAMIC LOADS

C. ECONOMOS (BNL) - COORDINATOR
J. RANLET (BND
C. C. LN (BND
P, HUBER (MIT)

A, SININ (MIT)



PROGRAM APPROACH

GENERIC WHERE POSSIBLE

DOCIMENTATION WITHIN GESSAR I1

GENERAL ELECTRIC THE FOCAL POINT RATHER
THW AN OWNERS GROUP

LIMITED PLANT SPECIFIC AREAS



LOSS OF COGA ACCIDENT CHRONOLOGY

EVENT POTENTIAL LOADING CONDITION®
& COMPRESSIVE WAVE
LOCA OCCURS LOADING ON CONTAINMENT
DRYWELL PRESSURE RISES « %O'NIC WLtVI LOADING OF

] i

r
S JET IMPINGEMENT AND BUABLE

VENTS CLEAR AND VENT PRESSURE LOADS ON THE

AIR/STEAM FLOW STARTS CONTAINMENT

o VENT CLEARING AND VENT
FLOW AP ON DRYWELL

o OUTWARD FLOW AP ON WEIR

WALL
' o IMPALT LOADS ON LOW
POOL SWELLS IN STRUCTURES
A BULK MODE : o DRAG LOADS ON STRUCTURES
IN AND ABOVE THE POOL

¥

BREAK THROUGH

Y

POOL SWELL CONTINUES IN A @ FROTH IMF NGEMENT ON
FROTH MODE AND ENCOUNTERS . 3H STRUCTURES

FLOW RESTRICTION AT HCU o FLOW 4P ON HCU FLOOR AND
FLOOR ADJACENT CONTAINNENT

et
DRYWELL VENTING o FALLIACK LOALS ON
COMPLETE STRUCTURES

I

Y

STEAM CONDENSATION
IN POOL AT VENT EXITS

@ CONDENSATION LOADS

Y

. o WEIR WALL AND DRYWELL
E1L.OWDOWN ENDS el | OADS DUE TO CHUGGING

- o NEGATIVE PRESSURE ON WEIR
ECCS FLOODING OF REACTOR WALL, DHYWELL, AND ITS
VESSEL AND DRYWELL PENETRATIONS
DEFRESLURIZATION - o NEGATIVE FLOW AP ON WEIR

WALL

|

LONG TOOL ik e # CONTAINMENT PRESSURE LOAD




PRESSURE (peal

r—~ FIRST ROW OF VENTS CLEARED
r— SECOND ROW OF VENTS CLEARED

THIAD AOW OF VENTS CLEARED

FIIST ROW OF VENTS RECOVERED —1

SECOND ROW OF VENTS RECOVERED —-l

THIRD ROW OF VENTS RECOVERED —I

e ALL ECCS OPERATING

10 p~—
— s MINIMUM ECCS OPERATING
WETYELL — THE VOLUME IN¥N “HE CONTAINMEN
BETWEEN THE POOL SURFACE AND THE HCU FLOOR
ol gl Lol 11 el L 111111‘
10 10° i0' 102 10°
TIME (sec)

Short Term Drywell and Containment Pressure Response to a
Large Steamline Break (DBA)
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INITIAL POOL SURFACE

Schematic of the Mark III Pool
Swell Phenomenon
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PRESSURE (psadi

1650 p—

1.0 in {26 mm! VENTURI (STEAM BLOWDOWN)

170%% (77°C) INITIAL POOL TENPERATURE
- os wn TOP VENT TOP CENTER PRESSURE
a—— TOP VENT BOTTOM CENTER PRESSURE

INITIAL PULSE ~———pom] PERIOD |

INITIAL
PEAK

p— - - - hw —— o’ w N — .
—>‘l I*—— BASE WIDTH

| | l 1

161.75 151 80 16185 15190
TIME (sec)

Typical Top Vent Pressure Trace During Chugging

161956

PRESSURE (kN/m?)



STATIS OF MARK 111
GENERIC LICENSING POOL
DYNAMIC PROBLEMS
AT (P STAE

FULL SCALE TESTS (PSTF) OF A SINGLE ROW OF THREE VENTS
SIMILATING THE WET AD DRYWELL VOLLMES TO STUDY VENT CLEAR-
ING, CONDENSATION AND SEQUENTIAL VENT CLEARING (TESTS INDI-
CATED (NDXPECTED AD SIGNIFICANT POOL RISE).

FULL SCALE TESTS (PSTF) AS IN ABOVE TO MEASURE IM-ACT FORCES.
1/3 SCALE TESTS (PSTF) PERFORVED TO PROVIDE LICENSING DATA
BASE O POOL MOTION, VELOCITY, AND IMPACT LOADS FOR EQUIPMENT;
E.G., GRATINGS,

173 SCALE TESTS (PSTF) PERFORMED TO INVESTIGATE CONDENSATION
AD STEAY CHUGGING.,



MK I1T OVERVIEW

BeRG/MK 11T CONCEPT TAKEN TO ACRS 1972
MK 111 TEST PROGRAM 1973-1975

11775 MOEL CONFIRMATION
#5701-5703

. 2/74  POOL SWELL (AIR
#5705-5706

3/74%  CONVERT TO 1/3 AREA SCALE VENT SYSTEM

6/74  POOL SWELL (STEAM & LIQUID)
#5801-534

1775 POOL SWELL (SATURATED STEAM
#3305

6/75  POOL SWELL (AIR
#5806
NEDO 11514-08 SUBMITTED (LOAD DEFINITION REPORT) 7/75
GESSAR - PDA NO 1 GRANTED 12/75
GESSAR - PDA NO 1 CONDITIONS REMOVED 7/76-6/77
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TESTING SINCE
(P STAGE

FULL SCALE TESTS (PSTF) TO INVESTIGATE CHUGGING,

1/3 SCALE TESTS (PSTF) TO INVESTIGATE STEAM CONDEN-
SATION,

1/3 SCALE TESTS (PSTF) TU INVESTIGATE M!TI-VENT
EFFECTS.,



MK 17T OVERVIEW

ADDITIONAL MK 111 CONFIRMATORY TESTS

« 12/16 173 SCALE PSTF
# 5807
2/78 PRULLSCAE
#5707
4/78  ICLR REV 1 (1/3 SCALE)
. 10/78  ICLR REV 2 (FULL SCALE)
5/79  MILTIVENT
#o002-6003
. 1779 ICLR REV 3 (MULTIVENT #6002)
ADDITIONAL SRV X-QUENCHER TESTS
5/79  CAORSO PHASE I TEST REPORT

5/8)  CAORSO PHASE I1 TEST REPORT



CEPTEBER 25, 1981 T

Vi,

Vi1,

Vi1,
X,

X,

X11,
X111,
XIV,

XV,

RECONVENE - M. PLESSET, CHAIRMAN 8:30 AM,

SIBMERGED STRUCTURE LOADS (BNL - G. BIENKOWSKI 8:40 A.m,
A, ET LOALS

B. AIR BUBBLE DRAG LOAIS

POOL THERMAL STRATIFICATION (BND - C, ECONONLS

FLUID STRUCTURE IN/ERACTION EFFECTS (BN -
C. ECONOMIS.

- BREAK - 10:30 A,
SAFETY RELIEF VALVE (SRV) LOATG 10:40 am.

A. OVERVIEW - T, SU (NRC)
B. TRIPOWER MARK I11 INPLANT TESTS - I, SU
C. MILTIPLE VALVE BUBBLE PHASING €BND -
C. ECONOMUS
- LINCH - 12:30-1:30 p M,

. MARK T11 CONTAINMENT MODIFICATIONS 1:30 P,

A. GENERAL PLANT DESIGN - M. FIELIS
B. GRAND GULF DESIGN (MPsD

GRAND GULF IN-PLANT SRV TEST PROGRAM (MPeD) 2:30 P .M,
SUMWARY OF MARK 111 PROGRAM (RRC) 3:00 P .M,
SIBCUTITTEE DISCUSSIQw 3:30 p.M,

ADJOURN 4:00 p.M,



GRAND

l

0

o

o

o

o

o

GULF NUCLEAR STATION

N PLANT TESTING

BACKGROUND

TEST DESCRIPTIONS

PRESSURE MEASUREMENTS
ACCELERCMETER MEASUREMENTS
SCHEDULE

CONCLUSIONS



BACKGROUND

O NRC INDICATED IN REVIEW OF GESSAR-233 NUCLEAR ISLAND APPLICATION THAT VERIFICATION
OF QUENCHER LOADS WOULD BE REQI'IRED BY THE FIRST PLANT REFERENCING THE GESSAR
NUCLEAR ISLAND DESIGN,

O NRC INDICA/ED THAT A PROTOTYPICAL TEST WOULD BE REQUIRED FOR EACH TYPE OF CONTAIN-
MENT STRUCTURE (I1.E. CONCRETE AND STEEL).

O KUOSHENG PLANT RECENTLY COMPLETED IN PLANT TEST WITH OBJECTIVE OF DEMONSTRATING

SIGNIFICANT REDUCTIONS IN STRUCIURAL RESPONSE AND THEREFORE REDUCED LOADS TO
PIPING AND EQUIPMENT,

O KUOSHENG AND GRAND GULF ARE REINFORCED CONCRETE CONTAINMENTS.

O MPRL PRESENTLY HAS PLANS FOR IN PLANT TESTING, 1IN ADDITION, MPRL IS REVIEWING
KUOSHENG DATA AND ITS APPLICABILITY TO GRAND GULF TO DETERMINE IF
ADDITIONAL TESTING IS NECESSARY,



27

16
41

TEST DESCRIPTION

SINGLE VALVE ACTUATIONS

CONSECUTIVE VALVE ACTUATIONS

MULTIVALVE ACTUATIONS

EXTENDED VALVE ACTUATIONS

PRESSURE SENSORS

STRAIN GAUGES

TEMPERATURE SENSORS
ACCELEROMETER CHANNELS IN 17 LOCATIONS

(sva)

(cva)

(Mva)

(Esva)



MPL-01-008

A— .}

PL4 LOCATED BEFORE FIRST mOW OF
HOLFS. 21° FROM QUENCHER £ .

DETAIL A

PLI AND PL4 MEASURE
QUENCHER INTERNAL
FRESSUREK

NORMAL WATER
LEVEL (LOW)

EL m'-4"1 ":

ghomn ¥ £ [EL.107-0"
QUENCHER @
(AT 32%)
% EL.102'-
Pl, P&, PI3, Ple, PI8 i f
P23 (SEE DETAIL A) ::2. e Thath:
P24 (SEC DETAIL A) »20 w eL . 98" oW’
PL.P7, Pis,
PIT. P9

Py,

TS O T e
L. 108-4 | U
rs
.. h ..o . ‘ E
r27r
‘ " .
Cioemar) .
e W ) +
o — = ]
. y P8 PIZ |

< (P

/ .F}-‘LA”",O%ﬂl‘P’—\! .I‘ |

P

 S1'-©" TO & OF CONTAINMENT

-

Figure 4-2.

SUPPRESS

SION POOL PRESSURE SENSORS -

ELEVATION VIEW

4.17

nutech
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e 23456
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Figure 3.1

GRAND GULF ACCELERO!METER LOCATIONS
(Elevation View -

MPL-01-042 P

accelerometers Rotated into View)

nutech



DECc. 31
O apriL 10
JUNE 15
SEPT, 1

TEST PROGRAM, AS DEFINED 1S CONSIDERED SUFFICIENT TO PRCVIDE A DATA

EVALUATIONS

FUEL LOAD
TEST AT 507 POWER
QUICK LOOK REPORT
FINAL REPORT

CONCLUSIONS

BASE FOR EVALUATION OF LOAD DEFINITIONS,.

SIGNIFICANT CONSERVATISMS THOUGHT TO EXIST IN THE STRUCTURAL MODEL

RESULTIMG IN ADDITIONAL SAFETY MARGINS,

MPEL WILL Z“OMPLETE EVALUATIONS OF KUOSHENG DATA IN EARLY OCTOBER AND,
IF APPROPRIATE, MEET WITH NRC STAFF AT THAT TIiC WITH THE OBJECTIVE

OF DELETINS FURTHER TEST PLANS,



® .
® REF, NUREG 0763
T 9/17/81

QUENCHER DEVICE GEOMETRY:
BOTH X-QUENCHERS
ISENTICAL ARMS AND HOLE PATTERN
BUBBLE PRESSURE PARAMETERS:
18.2 PS1 CVA DESIGN VALUC FOR GRAND GULF
16.6 PSI CVA DESIGN VALUE FOR KUOSHENG

STEAM FLOW PER LINE AREA

FLOW RATES IDENTICAL WITH NO IMPACT ON PREDICTED PRESSURES.,
. LINE DIAMETER SIZE IDENTICAL.,

QUENCHER/POIL GEOMFTRY

E: 8” DRY WELL TO QUENCHER ¢  BOTH UNITS

0"  ARM&TO FLOOR (e - BOFH—UNEFS Ko sy o
}8’-%9" POOL DEPTH & NWL GGNS
'~2"  POOL DEPTH @ NWL KUOSHENG

CONTAINMENT CHARACTERISTICS

REINFORCED CONCRETE CONTAINMENT BOTH UNITS DRYWELL AND PEDESTAL
OF SIMILAR CONSTRUCTION PLAiFORMS AND FLOORS SIMILARLY LUCATED.

THIS DATA 1S PRELIMINARY AND IN SUMMARY FORM, DETAILS TO BE DEVELOPED
AND DISCUSSED WITH NRC STAFF IN NEAR FUTURE,
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MARK T11 MODIFICATIONS

MEL B. FIELDS
CONTAINMENT SYSTEMS RRANCH
NUCLEAR REGULATORY COMMISSION



MARK 111 MODIFICATIONS

OBJECTIVE - DETERMINE EXTENT OF PLANT MODIFICAT1ONS
MADE DUE TO CHANGES IN GENERIC MARK III
POOL DYNAMIC LOAD CRITERIA

METHOD - SELECTED 4 PLANTS FOR EXAMINATION:
CLINTON 182 - OL STAGE UNIT 1 80% COMPLETE
RIVER BEND - OL STAGE -35% COMPLETE
BLACK FOX - CP STAGE
ALLENS CRFEK - CP STAGE




MARK 111 MODIFICATIONS

CLINTON 182
SUPPRESSION POOL LINER STRENGTHEN

GENERAL MODIFICATION OF HCU FLOOR,
EQUIPMENT MOVED FROM GRATING ONTO CON-
CRETE, PIPING RAISED

SRV PIPING AND SUPPORTS MOﬁIFIED, ECCS
SUCTION STRAINERS AND SUPPORTS REDESIGNED

POLAR CRANE GIRDERS AND BRAKETS REDESIGNED

GENERAL UPGRADING OF PIPING, PIPE SUPPORTS




MARK 111 MODIFICATIONS

RIVER BEND

o STEEL HOOPS AND STIFFENERS ADDED TO OUTSIDE
OF FREE-STANDING STEEL CONTAINMENT, UP TO THE
ELEVATION OF THE SUPPRESSION-POOL SURFACE

o WILL FILL THE ANNULUS BETWEEN THE CONCRETE
SHYELD BUILDING AND STEEL CONTAINMENT WITH
CONCRETE TO A LEVEL 5 FEET ABOVE SUPPRESSION
POCL SURFACE



MARK Iil MODIFICATIONS

BLACK FOX 132
MODIFIED STUD PATTERNS ON WEIR WALL

MAY ADD STIFFENERS TO FREE-STANDING STEEL
LONTATNMENT

WILL FILL THE ANNULUS BETWEEN THE CONCRETE
SHIELD BUILDING AND STEEL CONTAINMENT UP TO A
LEVEL OF 25 FEET ABOVE SUPPRESSION POOL BOTTOM



MARK 111 MODIFICATIONS

ALLENS CREEK
o ADDED VERTICAL STIFFENERS TO OUTSIDE OF FREE-

STANDING STEEL CONTAINMENT IN THE SUPPRESSIOM
POOL REGION

o MODIFIED DOME DESIGN FROM ELLIPSODIAL TO
HEMISPHERICAL

o RELOCATED ALL PIPING OUT OF SOLID IMPACT AREA




GE CROSS QUENCAER SRV LOAD METHODOLOGY -
9 DESCRIPTION

APPLICATION - STRucTURAL DESIGN.

Dynamic Pressure LoaDING AppLIED DIReEcTLY To WETTED BOUNDARIES,
IpEALIZED PRESSURE SIGNATURES - DamMPED RAYLEIGH BueBLE,

Frequency CoNTENT - DominAnT BussLe Freaquency (DBF) ARBITR/ARILY
RANGED FROM 5 10 12 Hz.

Peak Pressure AMPLITUDE (PPA) - FuncTioN oF PLANT PARAMETERS AND
OperATING ConDITIONS - STATISTICAL MopeL ofF SmaLL (0.1), Larce
(0.5) anp In-Prant (1.0) Test Data - (95-95) ConrFiDENCE LEVEL.

SPATIAL DISTRIBUTION
® 2 7, PLATEAU
1/ 2. ATTENUATION
“LINE OF SIGHT" CUTOFF
ABOVE 3/4 POOL LINEAR DECAY TO ZERO AT POOL SURFACE

MuLTiPLE VALVE EFFECTS
SYNCHRONOUS BUBBLE OSC [LLATIONS

SRSS InpiviDuAL CONTRIBUTIONS
"Cutorr” AT PPA



GI_CROSS QUENCHER SRV LOAD METHODOLOGY -
DESCRIPTION

(CONTINUED)

Loap CAsgEs
SVA AT Low POOL TEMPERATURE,
CVA AT ELEVATED POOL TEMPERATUPZ,
Two ADJACENT (FIRST) AT LOW POO. TEMPERATURE,

TEN VALVES (ONE LOW - NINE NEXT LOW-FIRST) AT LOW
POOL TEMPERATURE,

ADS (FIRST) AT ELEVATED POOL TEMFCRATURE.
ALL VALVES (FIRST) AT LOW POOL TEMPERATURE,
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Cr1GINAL MeTHODOLOGY AccepTeD BY STAFF SepTemBer 1976 (NUREG-
75/110).

GE Proroses MobiricaTion To MetHopoLocy (1980),
PPA repucep By 207 FOR FIRST ACTUATION,
PPA ReDuCED BY 354 FOR SUBSEQUENT ACTUATION.
Basis - CAorso (MARK Il CONTAINMENT) IN-PLANT TESTS.

‘ STAFF REVIEW IN PROGRESS.

Issues -

NOWN~-CONSERVATIVE APPLICATION OF LOAD TREND WITH LINE
VOLUME.

MOD*FICATION APPLIED INCOARECTLY ¢OR MAXIMUM UNDER-
PRESSURE.,

VACUUM BREAKZR EFFECT NOT ACCOUNTED FOR,

AGREEM:NT ON ISSUE3S - RESOLUTION EXPECTED SINCE SUFFICIENT
MARGIN EXISTS TO ACCOMMODATE CORRECT INTERPRETATION ~F CAORSO
DATA BASE.
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MULTIPLE VALVE BUBBLE PHASING

APPLICATION - PiPING SysTEM AND EQuiPMENT RESPONSE
FVALUATION.

SyncHronous BuBLE OsciLLATIoN OvERLY CONSERVATIVE,

MeTHoDoLOGY EMPLOYS MoNTE CARLO SIMULATION TO DEVELOP
MORE REALISTIC BUT CONSERVATIVE LOADING.



MULTIPLE VALVE BUTiiT PHASING -
PROBABALISTTC FEATURES

CHotcE OF RANSOM VARIABLES
ReacTor Pressurc Rise RaTe (PRR),
VALve Set PoinT ToL=rance (VST),
VaLve Cpenine Time (VOT),
DoMiNANT BueBLE Freauency (DBF),

PROBABILITY DENSITY FUNCTIONS
PRR - OPERATING EXPERIENCE AND PLANT TRANSIENTS ANALYSIS.

VST - GAussIAN - TESTABILITY FEATURE PRECLUDES DRIFTING
OF NOMINAL SETPCINT FOR VALVE GROUPS.

VOT - SHoP TESTS.
DBF - FOREIGN LICENSEE IN-PLANT TEST DATA.

ConF.DENCE LEVEL OF LOAD SPECIFICATION
59 MonNTE CARLO TRIALS.
(95-95) cLAIMED,

SeLecTioN oF DEsioN MonTe CARLO TRIALS
As MANY AS 9 USED FOR DESIGN,

SELECTED TO BOUND SPECTRAL PEAKS IN VERTICAL AND OVER-
TURNING MOMENTS.,



MULTIPLE VALVE BUBBLE PHASING -
OTHER FEATURES

DBF PROBABILITY DENSITY FUNCTION SHIFTED DETERMINISiICALLY
TO ACCOUNT FOR DISCHARGE LINE VOLUME VARIATION,

ALGEBRAIC SUPERPOSITION OF LOCAL PRESSURE CONTRIBUTION
FROM EACH VALVE.

PRESSURE SIGNATURE PPA, SPATIAL DISTRIBUTION, LOAD CASES,
AS BEFORE.



INDIVIDUAL ELEMENTS OF METHODOLOGY NOT COMPLETELY VAL1DATED
TO STAFF SATISFAZTION.

PDF rFor DBF NOT PROTOTYPICAL OF BEHAVIOUR EXHIBITED
BY CAORSO TEST" (/"A\JD @ OF FORMER TOO HIGH),

(95-95) CONFIDENCE LEVEL CANNOT BE CLAIMED FOR FINAL
LOAD SPECIFICATION,

MeTHODOLOGY ACCEPTABLE WHEN CONSIDERED IN ITS ENTIRETY

SENSITIVITY STUDIES,

OVERALL CONSERVATISM DEMONSTRATED BY APPLICATION TO
CAORSO TESTS.

IN-PLANT Tests (GRanD GuLr) 10 PROVIDE FURTHER CONFIRMATION



. PREDICTED BY MSRVA

RESPONSE

\‘\ CAORSO MEASUREMENT
AL
//\/\ WZ.: i

FREQUENCY




RESPONSE

ars corparison @RELECTED POINT ON WETWELL

. 4 B

d\/\’\“
Lo
A\ UPPER BOUND OF 59 MONTE CARLO TRIALS
/v (L~ VIA NSRVA
e
\
\
\
\ A
/ ‘l \/‘/\’\\,
] \/\“ LOWER BOUND OF 59 MONTE CARLO TRIALS
f o ’ff’ CAORSO MEASURENENT
/ . Lol
AT Nl S
v et WIS~ g, — = ST PN
ﬁ/( B 4 -l T
| L & 7 ERE Yy
FREQUENCY

J

=



[

|

LATED PQO
MIC LOADS

At R
e

MARK 111

nr
Kr
AL

RV

<
J

<I
- -
-—

>
(-]

W

1

=
-

VERVI

\
)

V
BACKGROUND

1
I



9/17/81

BACKGROUND

= METHODOLOGY FOR PREDICTING SRV LOAD
® USE KWU X-QUENCHER DATA

® GE X-QUENCHER - MODIFIED VERSION

OF KwWU X-QUEN

® STATISTICAL METHOD (1975)

-
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9/17/81

AREAS OF RCVIEW

GE PROPOSED MODIFICATIONS TO THE 1975

METHODS :
1. LOW-LOW SET LOGIC

. 35% LOAD REDUCTION FACTOR

N~

BASIS: CAORSO INPLANT TESY



IT1. Status

® NO OPEN ITEMS FOR GESSAR DOCKET

o NJREG-0802, "SAFETY/RELIEF VALVES -
LOAD EVALUATION REPORT - MARK I1
AND 111 conTAINMENTS,” NoveMBER 1981 (SCHEDULES)

o NUREG-0783, "SuPPRESSION POOL TEMPERATURE
LIMITS FOR BWR CONTAINMENTS.” DRAFT ISSUED

170 ACRS 1N JuLy 1981. FINAL ISSUANCE:
OctoBer 1981,

9/17/81



KUOSHENG NUCLEAR POWER STATION

BACKGROUND

® LOCATION: NORTHERN TIP OF TAIWAN
® 2 un'Ts, 985 MW EACH

NADY

® FIRST OPERATING BWRG/MAR'C III IN THE WORLD

9/17/81



e CONTAINMENT DOME

POLAR
CRANE

MAIN STEAM

.—'DQYVV‘LL
OPERATING
ELoca

CRYWELL
ToR
SLABR

SAFPETY
RELIES
VALVES

7

B |

RN

RPV

NDh
Ot

PRDESTAL

BASE MIT —




KUOSHENG SRV _INPLANT TEST

® CBUECTIVES

1. CONFIRM SRV LOADS

« PIPING, EQUIPMENT AND CONTAINMENT

STRUCTURES

2, PROVIDE DATA BASE FOR STRUCTURAL MODEL

9/17/81



o GENERAL INFORMATION

@ TESTS STARTED ON AUGUST 22, 1°81

® TESTS COMPLETED ON AUGUST 28, 1681

® TOTAL NUMBER OF TESTS - 32

® INSTRUMENTATION
128 ACCELEROMETERS

/1 PRESSURE SENSORS

8 62 STRAIN GAGES
22 THERMOCOUPLES

= SINGLE VALYVE CONSECUTIVE ACTUATION

WUCLUD DLUWIUUNIY
« WITH RHR

+ WITHOUT RHR

. 9/17/81
s
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NRC_PARTICIPATION

IN THE

KUGSHENG SRV INPLANT TEST

O REVIEW AND COMMENT ON TEST PLAN (JuLy 1980)

0 NRC TEAM DURING THE TEST INCLUDED:

T M. SU NRR/NRC

P. HuBer MIT/RES/NRC

E. MCCAULEY LLL/RES/NRC

. MOORE EG&E/RES/NRC

O PARTICIPATE IN REVIEW OF TEST RESULTS TO DETERMINE
WHETHER THE SUBSEQUENT TEST CAN PROCELD

O PROVIDE TECHNICAL GUIDANCE FNR THE TEST PROGRAM

§/23/81



SuMMARY OF THE TeST RESULTS

1. SRV Loabps

® STRAIN GAGE MEASUREMENT
- VERY SMALL IN COMPARISON WITH EXPECTED
VALUES

® ACCELERATION
. = WITHIN EXPECTED VALUES
. - SIGNIFICANT ACCELERATION IN POOL REGION

= NO SIGNIFICANT

|
ONLY (REQUIRES FURTHER INVESTIGATION)
CONSECUTIVE ACTUATIONS

9/17/81



9/17/81

[,

PooL MIXING

@ TOTAL DISCHARGE TIME - 9 MINUTES

® BULK-TO-LOCAL TEMPERATURE DIFFERENCE
. 19%F WITHOUT RHR
- 99F WITH RHR OPERATING ONE HOUR

BEFORE SRV WAS ACTUATED



ConcLuSION

® FULFILL THE OBJECTIVES "F THE TEST

® STRUCTURAL MODEL OVERPREDICTED PIPING,
EQUIPMENT AND BUILDING RESPONSE

® FORCING FUNCTION PREDICTION
= FIRST ACTUATION MARGINALLY PREDICTED

- MAXIMUM PRESSURE FOR FIRST ACTUATION
(REQUIRES FURTHER INVESTIGATION ON
' GLOEAL PRESSURE) s
- CONSECUTIVE ACTUATION OVERPREDICTED 1

- THERMAL MIXING DATA WILL BE APPLICABLE
FOR ALL MARK III PLANTS

& 9/17/81



MARK II1 LOCA LOADS

ARE PSTF PRESSURE

GE_aApproAcH: (1)

(2)

ConcLusion:  FSI

MEASUREMENTS INFLUENCED BY FSI?

NUMERICAL MODELS USED TO PREDICT
FSI ErFECTS.

PREDICTIONS COMPARED TO 1/9 - 1/3 -
AND FULL-SCALE PSTF MEASUREMENTS.

HAS LITTLE EFFECT,

WHEN FSI 1S SIGNIFICANT, IT LEADS TO
CONSERVATIVE L.OAD ESTIMATES.,



ESI IN 1/9 - AND 1/3 - AREA SCALE TESTS

(onLY CO CONSIDERED)

NUMERICA. ANALYSIS:

- FSI erFFects SIMULATED usING NASTRAN cobe.

- No SiGNIFICANT EFFECTS FOUND IN EITHER TEST FACILITY
IN THE RANGE OF CO FReQUENCIES (<20 Hz).

EXPERIMENTAL VERIFICATION:

- PSTF PRESSURE DISTRIBUTIONS COMPARED TO RIGID-WALL.
POTENTIAL FLOW PRSDICTIONS.

- RIGID-WALL ANALYSIS GENERALLY OVERESTIMATES PRISSURES
AT ALL LOCATIONS.,

NRC ASSESSMENT:

- AGREEMENT BETWEEN EXPERIMENTS AND ANALYTICAL PREDIC-
TIONS IS POOR.

- ERRORS TEND TO MAKE LOAD DEFINITION MORF CONSERVATIVE,



F ULL-SC,

(CHUGGING ONLY)

NUMEBICAL ANALYSES:

- Two DOF MODEL WITH CHUGGING FORCING FUNCTION

= FINITE ELEMENT MODEL INCLUDING THE EFFECTS OF
FLUID COMPRESSIBILITY

- PREDICTED TRANSFER FUNCTIONS (PTOP VENT/pCONT.)
COMPARED TO PSTF RESULTS

= AVERAGE OF SEVERAL CHUGS EXHIBITS ALMOST NO FRE*
QUENCY DEPENDENCE

NRC ASSESSMENT:

- ANALYSIS APPEARS TO OVERESTIMATE FSI EFFECTS

= TRANSFER FUNCTION SHOWS ALMOST NO DEPENDENCE ON
FREQUENCY

- FSI NOT IMPORTANT IN FuLL-SCALE PSTF
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| ® PooL_THEAMAL STRATI M, TN

O .vernica TEMrErATURE GesdiENT MERDED -
For.  DESIGN(THEAMAL ITRESSET ON CoRTThINMDSY)

DESIEN CRADICEATY DEVELOPE) FrROK € Ane
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o QVEWML AT FAXxe Q°F
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MARK 111 - SUBMERGED STRUCTURE LOADS

OVERVIEW

e PHENOMENA WELL UNDERSTOOD-FZTHODOLOGY

PRACTICAL AND CONSERVATIVE
o PELATIVELY UNCLUTTERED POOL 1
[ e HERITAGE FROM MARK I AND MARK I1 CONCERNS

o SOME EXPERIMENTAL INFORMATION

GKB 9/25/81-1




MARK 111 - SUBMERGED STRUCTURE LOADS

o LCTA
WATER JET LOADS (TO VENT CLEARING)
AIR BUBBLE ' “ADS
FALLBACK LOADS
Y CONDENSATION OSCILLATION LOADS

CHUGGING LOADS

o S/RV ACTUATION
QUENCHER WATER JET LOADS

QUENCHER BUBBLE LOADS

GKB 9/25/81-2
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238

Figure 3B.31(a)-1l.

B 9)5/51-4

GESS .7 1T 22A7000
NUCLE:L: Y4 IL,AND Rev.
061581

\ WATER JET 20NE OF EXCLUSION

LC.A Water Jet Zone of Exclusion

3B0.3.2.31-7
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. MARK T11 - SUBMERGE! STRUCTURE LOADS
e LOCA AIR BUBBLE

APPROACH - SPHERICAL BUBBLE GROWTH
METHOT OF IMAGES
MULTIPLIER OF TWO FOR BUBBLE MOTION
EQUIV/ NT UNIFORM FLOWFIELD
LOCAL ACCELERATION AND STANDARD
& DRAG ON EACH SEGMENT

BASIS - THEORETICAL/SOME EXPERIMENTAL CONFIRMATION

CONC'.USIONS - APPROACH ESSENTIALLY SIMILAR TO MARK I AND
MARK 11

MULTIPLIER FOR BUBBLE MOTION GiVES CONSERVATIVE
BOUND ALTHOUGH DIFFERENT TIME HISTORY. 0.K.
BECAUSE W, Ty >>1

GKB 9/25/81-6



MARK 111 - SUBMERGED STRUCTURE LOADS

e FALLBACK LOAD

APPROACH

BASIS

CONCLUSIONS

GKB 9/25/81-7

- FREEFALL FROM S = 20 ft.
STANDARD DRAG ALONE AT U= 35 ft/sec

- THEORETICAL BOUND

- CONSERVATIVE
- ACCELERATION FORCE NEGLIGIBLE

F, 9 D

Mo SRS " |

2
Fp U° 2s



‘ MARK T11 - SUBMERGED STRUCTURE LOADS

o CONDENSATION OSCILLATIONS

APPROACH - SOURCE STRENGTH BOUNDS DATA
METHOD OF IMAGES
EQUIVALENT UNIFORM FLOWFIELD
ACCELERATION DRAG
STANDARD DRAG (ONLY WHEN SIGNTFICANT)

' BASIS - THEORY + EMPIRICAL SOURCE STRENGTH
+ DRAG COEFFICIENT BASED ON OSCILLATING
FLOW DATA
CONCLUSIONS - CONSERVATIVE SOURCE EVALUATION

- STANDARD DRAG NEGLIGIBLE EXCEPT FOR RHR
TEST LINES (D= 1.5")

. GKB 9/25/81-8



‘ MARK III1 - SUBMERGED STRUCTURE LOADS

o CHUGGING LOADS

APPROACH - EMPIRICAL SOURCE STRENGTH
- APPROXIMATE ACOUSTIC MODEL
- FORCE a PRESSURE DIfFERENCE
- USE FULL PRESSURE DIFFERENCE IN CHUG
PULSE

. BASIS - THEORY
- EMPIRICAL CHUG SOURCE (FULL SCALE TESTS)

CONCLUSIONS - HYDRODYM MIC MASS EFFECT BOUNDED BY CONSERVATIVE
REPRESENTATION OF PRESSURE GRADIENT
MINIMUM CONSERVATISM(2-5%7, o0)

- PHASING AND GEOMETRIC CONSERVATISMS
DIFFICULT TO QUANTIFY
- SOURCE STRENGTH??

.GKB 9/25/81-9



. ] MARK 111 - SUBMERGED STRUCTURE LOADS

o S/RV LOADS

APPROACH - WATER JET - SFHE?E OF INFLUENCE
- QUENCHER BUBBLE - SIMILAR TO LOCA BUBBLE
AND CO METHODOLOGY
- USE FOUR BUBBLES AND INCLUDE BUBBLE TRAJECTORY
CALCULATIONS
- ACCELERATION AND STANDARD DRAG

BASIS - THEORY WITH CONSERVATIVE INITIAL BUBBLE
CONDITIONS
- EXPERIMENTAL VERIFICATION (CAORSO)

CONCLUSIONS - CONSERVATIVE LOAD EVALUATION FOR IN-PHASE
BUBBLES
- NEGLIGIBLE PHASE DIFFERENCES ESTABLISHED BY
TESTS

GKB 9/25/81-10



